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FLOW OF LIQUIDS UNDER CRITICAL 
CONDITIONS.

B y  D r . A . H . N i s s a n .

I n t r o d u c t io n .

M u c h  re se a rc h  h a s  b e en  d o n e  o n  th e  flow  o f  liq u id s  a n d  g a s e s  th ro u g h  
tu b e s  u n d e r  d iffe re n t  c o n d itio n s. F o r  N e w to n ia n  flu id s  th e  la w s g o v e rn 
in g  v isc o u s  flow  th ro u g h  tu b e s  o f  u n ifo rm  c ro ss-se c tio n s a re  w ell fo u n d e d  
on b o th  th e o re t ic a l  a n d  e x p e r im e n ta l  g ro u n d s . W h ilst  .n o t  so  w ell u n d e r
s to o d , th e  tu rb u le n t  re g im e  fo r  th e se  s y s te m s  is  f a ir ly  c a p a b le  o f  d e te r 
m in atio n  p r o v id e d  c e r ta in  im p lic it  a s su m p tio n s  in  th e  th e o ry  o f  d im e n sio n s 
a re  r ig id ly  ju s t if ie d , p a r t ic u la r ly  th e  p r in c ip le  o f  g e o m e tr ic a l s im ila r ity . 
T he in te rm e d ia te  s t a t e  e x is t in g  b e tw een  th e  tw o  re g im es, th e  c r it ic a l s t a te ,  
is  s t ill  a  fie ld  o f  c o n tra d ic t io n . I n  th e  p re se n t  w o rk  th is  fie ld  w as  
p a r t ic u la r ly  s tu d ie d , a n d  c e rta in  s ig n ific an t  d e ta ils  a re  n ow  re p o rte d .

F o r  a  s t r a ig h t  tu b e  h a v in g  c irc u la r  c ro ss-se c tio n  m  =  d /4  a n d  u s in g  w a te r  
a t  low  te m p e ra tu r e s  th e  d ifferen ce  in  p fro m  u n ity  is  n eg lig ib le . 

S u b s t i tu t in g  fo r  “  m  ”  a n d  re a rran g in g ,

T h e o r y .

D ’A r c y ’s  fo rm u la  fo r  fu ll  flow  in  en c lo sed  b o u n d a r ie s  is

w here H  =  h e a d  lo s t  o v e r  d is ta n c e  I 
m  =  h y d ra u lic  m e a n  d e p th  
v =  m e a n  v e lo c ity  o f  flow  
p =  d e n s ity  o f  f lu id  
f  =  a  p u re  n u m b e r

f  H  d  g
2 1 ‘ 4 ' v2

_ Q t _  4(2« 
V ~  A  ~  rrd2

w here Qt =  v o lu m e  p e r  sec. 

f  _ H  d  g n W

2 ~  1 *4f 16Q?

H  (v *gd 5) 
~  Q ?  6  -  1
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T
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R e y n o ld s  N u m b e r  =  —  =  _  =  _ =  -

w here v =  k in e m a tic  v is c o s ity

p  f t
i.e ., e 00 V

w here R e =  R e y n o ld s  N u m b e r .

I t  is  kn ow n  t h a t / / 2  =  f ( R e), i .e .,  a  p lo t  o f  th e  fr ic t io n  fa c to r  /  ag a in st  
correspon d in g  v a lu e s  o f  R e y n o ld s  n u m b e rs  g iv e s  a  sm o o th  cu rv e . In  the 
v isco u s s ta te  a  p lo t  o f  l o g / / 2  vs. lo g  R c y ie ld s  a  s t r a ig h t  lin e  a s

2  R e

F o r  o th er re g im es d iffe ren t c u rv e s  a r e  o b ta in e d  fo r  d iffe re n t p ip e s , d ep en d 
in g on  th e ir  d egrees o f  ro u g h n e ss .

F ig .  1 is  a  re p ro d u c tio n  o f  th e  fig u re  g iv e n  b y  B e a le  a n d  D o c k se y  1 in 
th e  Science o f  Petroleum , a n d  i l lu s tr a te s  th e  ty p e  o f  c u rv e s  o b ta in e d . I t  
w ill b e  seen  t h a t  th e  sm a lle r  th e  iim e r d ia m e te r  o f  th e  p ip e  th e  rougher 
it  a p p e a r s  to  be— i .e ., th e  h ig h e r  th e  v a lu e  o f  f ¡2  (k o n  th e  figu re) fo r the 
sam e  v a lu e  o f  R e y n o ld s  n u m b e r.

I t  is  to  b e  n o te d  t h a t  th e  c h a n g e -o v e r  fro m  th e  s tr e a m lin e  o r  v iscou s 
cu rv e  to  th e  tu rb u le n t  c u rv e  is  n o t  a c c e p te d  b y  a l l  a u th o r it ie s  to  b e  the 
sm ooth  c u rv es  show n . T h e  v a lu e  o f  / / 2  in  th e  c r it ic a l re g io n  is  som etim es 
o b ta in ed  b y  e x t ra p o la t in g  th e  tu rb u le n t  c u rv e  b a c k w a rd . I n  o th e r  cases 
i t  is  a d v o c a te d  th a t  th e  c u rv e s  sh o w n  sh o u ld  b e  u se d . I t  i s  th e  pu rpose  
o f  th is  w ork  to  in v e s t ig a te  w hich  o f  th e  tw o  p r o p o se d  m e th o d s  is  to  be 
e m p lo y ed  in  re g io n s c h a ra c te r iz e d  b y  R e y n o ld s  n u m b e rs  ra n g in g  betw een 
1000 a n d  4 0 00 . O n ly  w a te r  w a s  u se d  in  c o n ju n c tio n  w ith  a  sin g le  pipe, 
a s  i t  is  a lr e a d y  k n o w n  t h a t  fo r  flow  o f  f lu id s  in  p ip e s  w h a t  is  t ru e  o f  one 
p ip e  is  tru e  o f  o th ers.

A p p a r a t u s .

T h e  a p p a r a tu s  fin a lly  u se d  is  sh o w n  in  F ig .  2 . I n  a  p r e v io u s  fo rm  only 
one c o n stan t-lev e l d e v ice  w as  u se d  a t  th e  in le t .

W h ile  ta k in g  o b se rv a tio n s  o f  th e  h e a d  d u r in g  flow  in  th e  c r it ic a l and 
to  a  le sse r e x te n t  in  th e  tu rb u le n t  re g io n s, i t  w a s  fo u n d  t h a t  th e re  w as a 
c o n tin u a l o sc illa tio n  in  th e  le v e l o f  th e  e x i t  m a n o m e te r , in c re a s in g  with 
th e  h ea d  o f  w ater . I t  w a s  fu r th e r  o b se rv e d  t h a t  th e  in le t  m an o m eter 
o sc illa te d  a lso  ro u g h ly  in  t im e  w ith  th e  e x i t  o sc illa t io n , b u t  th e  osc illa tion  
in  th e  in let w a s  o f  m u ch  sm a lle r  m a g n itu d e . A s  i t  w a s  u n c e r ta in  w hether 
th e  e x it  o sc illa tio n  w a s  in d u c e d  b y  in le t  ir r e g u la r it ie s  o r  b y  th e  tu rb u le n ce  
w ith in  th e  tu b e , i t  w a s  d e c id e d  to  e lim in a te  a n y  in le t  v a r ia t io n s  o f  h ead  
a s  co m p le te ly  a s  p o ss ib le . S in c e  i t  w a s  n o t  p o ss ib le  to  d o  th is  w ith  the 
s in g le  c o n sta n t-h e a d  d e v ic e , a  n ew  o n e  w a s  d e s ig n e d . I t  w a s  fu rth er 
con sid ered  t h a t  su r fa c e  ir r e g u la r it ie s  in  th e  lo n g  le n g th  o f  ru b b e r  connect- 
in g-h ose  m a y  h a v e  in d u c e d  a  v a r y in g  p r e ssu r e  d ro p  a t  th e  en d , an d  
c o n seq u en tly  in  th e  m o d ifie d  a p p a r a t u s  i t  w a s  re p la c e d  b y  a  large- 
d iam e te r  g la s s  tu b e  o f  u n ifo rm  sm o o th n e ss . T h e  w a te r  flo w ed  in to  the



N IS S A N  : F L O W  O F  L IQ U ID S  U N D E R  C R IT IC A L  C O N D IT IO N S .  2 5 9

INFLOW

OVERFLOW

MEASURING
DEVICE

OVERFLOW

F i g . 2 .



N IS S A N  : F L O W  O F  L IQ U ID S  U N D E R  C R IT IC A L  C O N D IT IO N S .

la rg e -d iam e te r  c o n sta n t- le v e l d e v ic e  fo m  a  sm a lle r  c o n sta n t- le v e l d ev ice  
a n d , fu rth er , lo s t  a n y  te n d e n c y  fo r  sh o ck  b y  c h a n g in g  d ire c t io n  th ro u gh  
18 0 °, a s  show n in  th e  sk e tch .

T h e  leve l o f  th e  w a te r  in  th e  la rg e  b o tt le  w a s  a r ra n g e d , in it ia lly , to  be 
ju s t  below  th e  to p  o f  th e  w a te r  m a n o m e te r , so  t h a t  th e  w h ole  ra n g e  o f  
th is  m a n o m e te r  cou ld  b e  co v e re d  b y  th e  o n e  p o s it io n  o f  th e  a p p a r a tu s .  
T h e  b o tt le  w as th e n  ra ise d  se v e ra l fe e t  a n d  re -c o n n e c te d  b y  m e a n s  o f  w ide 
g la s s  tu b in g , an d  fu rth e r  re a d in g s  w ere  t a k e n  on  th e  m e rc u ry  m an o m e te r . 
I t  w as  o b se rv e d  t h a t  w hile th e  in le t  h e a d  re m a in e d  a p p r e c ia b ly  c o n stan t, 
th e re  w as s t il l  s lig h t o sc illa tio n  in  th e  e x it  p r e s su r e  w h en  flow  w a s  in  the 
c rit ica l reg io n . T h e  h e a d  w a s  s te a d y  b o th  in  th e  v is c o u s  a n d  tu rb u le n t 
reg io n s, b u t, in  sp ite  o f  a ll p re c a u t io n s , c o u ld  n o t  b e  m a in ta in e d  e x a c t ly  
so  in  th e  c r it ic a l re g io n . M a n o m e tr ic  tu b e s  A  a n d  D  w ere  u se d  a s  w ater 
m an o m e te rs . T u b e s  B  a n d  C  c o n ta in e d  m e rc u r y  in  th e ir  low er h alves 
a n d  w ate r  fro m  A  a n d  D  in  th e  to p . T h e  c e n tra l  m e rc u r y  m an o m eter 
w as em p lo y e d  fo r  d ifferen ces in  h e a d  g r e a te r  th a n  9 0  cm . o f  w a ter . I t  
w as b ro u g h t in to  o p e ra t io n  on  c lo sin g  th e  tw o  to p  t a p s  a b o v e  G  an d  H  
a f te r  fillin g w ith  w ate r  to  a  le v e l a b o v e  th e  t a p s .  In i t ia l ly  c a re  w as  taken  
to  en su re  th a t  th e  b o a r d  c o n ta in in g  th e  m a n o m e te r s  a n d  sc a le s  w a s  set 
e x c a t ly  v e rt ic a l in  b o th  p la n e s . A  sm a ll c o rre c tio n  t o  b e  a p p l ie d  to  the 
sca le  re a d in g s  d u e  to  th e  sc a le  ze ro s  n o t  c o rre sp o n d in g  w a s  o b ta in e d  by 
r e a d in g  th e  liq u id  h e ig h ts  in  e ac h  lim b  w h en  n o  flow  w a s  t a k in g  p la c e .

S in ce  th e  a c c u ra c y  in  d e te rm in in g  th e  q u a n t i ty  o f  w a te r  flow in g had 
n e cessa rily  to  be  h igh , th e  d e v ic e  sh o w n  in  th e  sk e tc h  w a s  c o n stru c te d . 
T h e  sm all-d iam ete r  v e r t ic a l  s id e  tu b e  w a s  c a l ib r a te d  t o  sh o w  100, 250, 
a n d  500  c .c ., an d  w a s  f it te d  in  o rd e r  to  e l im in a te  e rro rs  d u e  t o  e d d ie s  and 
su rg es, th u s  en h an cin g  th e  a c c u r a c y . T h e  t im e  t a k e n  to  fill v a r io u s  volum es 
w as m e asu re d  b y  a  s to p -w a tc h . F o r  th e  h ig h e s t  h e a d s  a  2 0 0 0 -c .c . flask 
w as u sed .

B e fo re  a n y  re a d in g s  w ere  t a k e n  a l l  a ir  w a s  d r iv e n  fro m  th e  a p p a r a tu s  
b y  p a s s in g  w ate r  u n d e r  a  la r g e  h e a d  th ro u g h  th e  tu b e . T a p  X  w a s  closed 
u n til w ater o verflow ed  fro m  A  a n d  D  to  fill B  a n d  C . S m a ll  b u b b le s 
re m a in in g  in  th e  ru b b e r  co n n e ctio n s w ere re m o v e d  b y  r a is in g  a n d  low ering 
th e  tu b in g .

In  se tt in g  u p , th e  m a n o m e te r  tu b e s  w ere  c a re fu lly  c le an e d , a n d  filtered  
m ercu ry  u se d , to  a v o id  a ir  b u b b le s  s t ic k in g  t o  th e  tu b e s ,  a n d  to  e lim in ate  
v isc o u s d r a g  o f  th e  w a te r  m e n isc u s  o n  a  d ir ty  p a tc h . T a p  X  w a s  then 
o pen ed , a n d  th e  h e a d  re d u ce d  to  th e  sm a lle s t  o b ta in a b le .  W h en  the 
m an o m e te r h a d  s te a d ie d , th e  t im e  t a k e n  fo r  a  g iv e n  q u a n t i ty  o f  w a te r  to  flow 
th ro u g h  th e  tu b e  w as t a k e n  b y  c lo sin g  t a p  F  a n d  a  s to p -w a tc h  s ta r t e d  as 
th e  flu id  lev e l p a s se d  th e  zero  m a rk in g . T h e  w a tc h  w a s  s to p p e d  a s  the 
flu id  leve l p a s se d  th e  re q u ire d  m a rk . T h e  h e a d  r e a d in g s  o n  A  an d  D  
w ere ta k e n  a n d  th e  w ate r  te m p e ra tu r e  w a s  n o te d . T h e  h e a d  w a s  in creased  
p ro g re ss iv e ly  b y  e ith e r op e n in g  t a p  X  a  l i t t le  m o re  o r b y  ra is in g  the 
re se rv o ir . W hen  th e  lim it  o f  th e  w a te r  m a n o m e te r  h a d  b een  rea c h e d , the 
h ea d  w as in cre ase d  u n til  w a te r  filled  tu b e s  G  a n d  H ,  w h en  th e  to p  ta p s  
w ere c lo sed . T h e  re a d in g s  w ere th e n  c o n tin u e d  a s  b e fo re , b u t  n ow  the 
h e a d s  w ere re a d  o n  sc a le s  B  a n d  C .

I t  w ill be  a p p a r e n t  fro m  th e  e q u a t io n  d e r iv e d  t h a t  th e  d ia m e te r  o f  the 
tu b e  is a ll- im p o rta n t, s in ce  i t s  v a lu e  is  r a ise d  to  th e  fifth  p o w er. H ence,



sp e c ia l c a re  w a s  t a k e n  in  d e te rm in in g  i t s  v a lu e . T h e  tu b e  w a s  o f  c o p p e r , 
co ld  d raw n , w ith  in sid e  d ia m e te r  a s su m e d  u n ifo rm  o v e r  c o n s id e ra b le  
len g th s. T h e  m e th o d s  u se d  w ere  a s  fo llo w s :

M e t h o d  1.

A  se c tio n  o f  tu b e  a b o u t  17 cm . lo n g  w a s  c le an e d , d r ie d , a n d  i t s  le n g th  
m e a su re d . I t  w a s  th e n  filled  w ith  m e rc u ry  w ith  ta p p in g , e tc .,  to  re m o v e  
tr a p p e d  a ir .

T h e  m e rc u ry  w a s  ru n  in to  a  t a r e d  b e ak e r , a n d  fro m  it s  d e n s ity  a t  ro o m  
te m p e ra tu re , th e  d ia m e te r  w a s  c o m p u te d .

L e n g th  =  16-79 cm .
W t. o f  m e rc u ry  3 0 -14079]

30-02377 /M e an  30-08714 
30-09685 J

D e n s ity  o f  H g  a t  2 0 °  C . =  13-5462
D ia m e te r  =  0-410  cm .

Method  2.

T h e  s e c t io n  o f  tu b e  w a s  p la c e d  u n d e r  a  B r in n e l m ic ro sc o p e  a n d  a  
n u m b e r o f  d ire c t  m e a su re m e n ts  w ere  o b ta in e d . I t  w a s  a p p a r e n t  fro m  th e  
re a d in g s  t h a t  th e  c ro ss-se c tio n  w a s  b y  n o  m e a n s  u n ifo rm , d u e  p r o b a b ly  
to  th e  c u t t in g  o f  th e  s o f t  tu b e . N o  c o m p le te ly  s a t is fa c to r y  e s t im a te  o f  
th e  d ia m e te r  c o u ld  b e  m a d e .

d  --- 0-405 cm .

Method  3.

A  m e ta l  p lu g  w a s  tu rn e d  so  a s  t o  f it  e x a c t ly  in sid e  th e  tu b e . T h e  p lu g  
d ia m e te r  w a s  d e te rm in e d  b y  m ic ro m e te r .

d  =  0-410 cm .

T h e  v a lu e  o f  d ia m e te r  f in a lly  se le c te d  w a s  0-410, b e in g  t h a t  o b ta in e d  
b y  m e th o d s  1 a n d  3 , g iv in g  th e  m o s t  c o n s iste n t  a n d  s a t i s fa c to r y  re su lt s .  
T h is  v a lu e  w a s  c h e c k e d  h y d ro d y n a m ic a lly , a s  w ill b e  sh o w n  b e lo w , a n d  
fo u n d  to  b e  su ffic ie n t ly  a c c u ra te .

L e n g t h .

T h re e  o p e r a to r s  w ere  a s k e d  to  m a k e  in d e p e n d e n t d e te rm in a t io n s  o f  th e  
tu b e  le n g th  w ith  a  m e tre  ru le . A ll ag re e d  on  190-3 c m ., w hich  v a lu e  w as  
a c c e p te d .

R e s u l t s .

F lo w  in  th e  v is c o u s  re g im e  a ffo rd s  a n  e a s y  a n d  u se fu l ch eck  on  th e  
m e a su re m e n ts  o f  th e  v a r io u s  c o n s ta n ts  o f  th e  a p p a r a t u s ,  a s  w ell a s  a  
n e a r -a b so lu te  m e th o d  o f  d e te rm in in g  th e  a c c u r a c y  a n d  p re c is io n  o f  th e  
tech n iq u e  e m p lo y e d . I t  is  t o  b e  n o te d  t h a t  th e re  w ill b e  p r e s su ie  lo sse s  
in  th e  a p p a r a t u s  d u e  t o  ch a n g e  o f  se c tio n s  b o th  a t  in le t an d  o u t le t  o f  th e
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a p p a r a tu s .  T h is  m e a n s  th a t  th e  h e a d  re g is te re d  b y  th e  m a n o m e te r  will 
be to o  h igh . F o r  su d d e n  e n la rg e m e n t, th e  n u m b e r  o f  v e lo c ity  h e a d s  to 
b e  a llow ed  is  e q u a l to  (1 — 6 )2, a n d  fo r  su d d e n  c o n tra c t io n  is  0-5(1 — b),

a r e a  o f  flow  p ip e
w here b  =

a r e a  o f  T p iece  

(0-41 )2
=  0-0296

( f t  x  2 ’5 4 )2
N u m b e r o f  v e lo c ity  h e a d s  fo r  e n la rg e m e n t  =  0-942

c o n tra c t io n  =  0-485

1-43

p£5-
L o s s  in  p re ssu re  =  1-43 X  ^

1-43
X

(4ft)2
2 x  981 raZ2 

=  0-0418  f t 2 cm . o f  w a te r .

T h is fa c to r  is  s u b tr a c te d  fro m  th e  e x p e r im e n ta l  h e a d  t o  g iv e  th e  true 
p re ssu re  h e a d  lo s t  in  th e  p ip e  d u e  to  fr ic tio n .

T h u s th ree  ru n s in  th e  v isc o u s  re g io n  w ere  m a d e , w ith  a  p e r io d  o f 
se v e ra l w eek s la p s in g  b e tw e en  e a c h , to  t e s t  th e  m e th o d  a n d  tech n ique. 
T a b le  I  g iv e s  th e  re su lt s .

T a b l e  I.

No. H, cm. 
of water.
1

Q„
c.c./sec.

t, 0 C. V, stokes.
Corrn. 

to H  =  
0-0418 Q,2.

H  corrd., 
cm. of 
water.

/ /2  x  103. Rt.

1 3-89 1-111 9-35
Run

0-01333
1.

0-03 3-86 28-8 259
2 7-60 2-065 9-35 0-01333 0-11 7-49 16-2 481
3 13-63 3-400 9-35 0-01333 0-29 13-34 10-63 792
4 1611 4-170 9-36 0-01333 0-43 15-68 8-31 971

1 4-86

- -

1-115 4-6
Run

0-015383
2.

0-03 4-83 35-4 226
2 5-53 1-276 4-5 0-015432 0-04 5-49 31-09 258
3 7-44 1-740 4-7 0-015334 0-08 7-36 22-39 352
4 8-90 2-060 4-8 0-015286 0-11 8-79 19-06 419
5 9-41 2-143 4-9 0-015238 O il 9-30 18-62 437
6 12-39 2-818 5-0 0-015189 0-20 12-19 14-15 576
7 13-90 3-19 5-2 0-015097 0-25 13-65 12-23 627
8 16-94 3-87 5-7 0-014867 0-37 16-57 10-23 809
9 21-16 4-80 5-9 0-014775 0-57 20-59 8-23 1009

1 3-01 0-933 12-14
Run

0-012322
3.

0-02 2-99 30-06

■

238
2 4-11 1-144 12-10 0 012336 0-03 4-09 28-18 291
3 5-91 1-613 12-05 0-012352 0-07 5-84 20-18 406
4 7-70 2-045 12-00 0-012369 0-11 7-60 16-60 514
5 9-51 2-57 12-00 0-012369 0-17 9-34 12-82 649
6 14-1 3-56 12-00 0-012369 0-32 13-8 9-44 897
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F ig .  3 sh o w s th e  p lo t  o f  lo g  ( / / 2 )  vs. lo g  (R e) fo r  th e  th re e  ru n s.
I t  w ill b e  seen  t h a t  e x c e p t  fo r  a  d e te rm in a t io n  on  th e  f ir s t  ru n  an d  

an o th er a t  th e  b e g in n in g  o f  th e  th ird  ru n , th e  p o in ts  h e  fa ir ly  a c c u r a te ly  
f  8

on th e  th e o r e t ic a l  lin e  ^  T h u s  th e  c o n s ta n ts  o f  th e  a p p a r a t u s  a n d
2  R e

F ig . 3.

th e  c o rre c tio n s u s e d  in  th e  c a lc u la tio n s  a re  ju s t if ie d  w ith in  th e  d egree  o f  
a c c u ra c y  re q u ire d  fo r  e n g in e e rin g  d a ta .

T h e  c r it ic a l  re g im e  in  th e  s y s te m  w a s  in v e s t ig a te d  b y  ru n n in g   ̂tw o  
se r ie s  o f  e x p e r im e n ts  c o n c e n tra tin g  o n  th e  flow  o ccu rr in g  b e tw een  2000  
a n d  3 0 0 0  R e y n o ld s  n u m b e rs . F o r  c o n tin u ity , h o w ev er , b o th  low er an d  
h igh er v a lu e s  w ere  u se d , so  t h a t  a  c le a r  co n n ec tio n  b e tw een  th e  v isc o u s  an  
tu rb u le n t  s t a t e s  m ig h t  b e  e v id e n t . T a b le  I I  g iv e s  th e  r e su lt s  o f  th e  ru n s.
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F ie .  4  show s a  p lo t  o f  th e  fr ic tio n  fa c to r  vs. th e  c o rre sp o n d in g  R e y n o ld s  
n u m b e rs  fo r th e  c r it ic a l reg ion . I t  c a n  b e  se e n  fro m  th e  fig u re  t h a t :

(1) In  sp ite  o f  a ll th e  p re c a u t io n s  t a k e n  t o  e x c lu d e  e x te r n a l  so u rces o f  
tu rb u len ce , th ere  is  a n  a p p re c ia b le  d e v ia t io n  fro m  th e  v isc o u s  line a t  all 
v a lu e s  e x ceed in g  1000 R e y n o ld s  n u m b e rs . I t  is  sh o w n  b elow  t h a t  for 
v a lu e s  o f  R e ra n g in g  b etw een  1000 a n d  2 1 0 0  th is  d iv e rg e n c e  is  n o t  accen 
tu a te d  b y  e x te rn a l so u rce s  o f  tu rb u le n ce .

Ta b l e  II .

No. H, cm. 
of water.

Qu
c.c./sec.

t, °  C.

.

V, centi- 
stokes.

Corm. 
to H , =  

0-0418 Q,2.

H  corrd., 
cm. of 
water.

f l  2x10». R ,

1 191 4-71 12-05 1-2352 0-6 18-5 7-36 1194
2 23-8 5-59 12-05 1-2352 0-7 23-1 6-79 1406
3 29-3 6-76 12-40 1-2236 1-2 28-2 5-50 1718
4 34-3 7-64 12-45 1-2219 1-4 32-9 5-00 1945
5 38-7 8-23 12-55 1-2186 1-7 37-0 4-81 2113
6 40-8 8-48 12-45 1-2219 1-8 39-0 4-69 2178
7 43-2 8-74 12-40 1-2236 1-9 41-3 4-68 2249
8 46-2 8-90 12-35 1-2252 2-0 44-2 4-92 2280
9 50-3 8-93 13-2 1-1172 2-0 48-3 5-47 2500

10 53-6 909 13-2 1-1172 2-1 51-5 5-50 2547
11 56-9 9-25 13 1 1-2004 2-2 54-7 5-65 2430
12 600 9-45 13-0 1-2036 2-3 57-7 5-66 2472
13 63-5 9-63 12-9 1-2069 2-4 61-1 5-81 2512
14 66-9 9-81 12-8 1-2103 2-5 64-4 5-81 2559
15 69-7 9-94 12-7 1-2136 2-5 67-2 6-08 2570
16 70-8 10-02 12-4 1-2236 2-6 68-2 6-00 2588
17 74-3 10-22 12-2 1-2302 2-6 71-7 6-05 2618
18 78-0 10-37 12-2 1-2302 2-8 75-2 6-04 2636
19 80-7 10-55 12-1 1-2336 2-8 77-9 6-12 2679
20 841 10-65 12-0 1-2369 2-9 81-2 6-37 2704
21 87-7 10-97 11-9 1-2404 3-1 84-6 6-17 2799
22 89-9 11-10 11-9 1-2404 3-1 86-8 6-17 2812

1 29-6 7-28 17-75 1-0626 2-2 27-4 4-96 2148
2 75-5 9-94 18-10 1-0533 4-0 71-5 6-43 2951
3 113-9 12-38 18-15 1-0520 6-2 107-7 6-34 3648
4 149-6 13-74 18-25 1-0494 7-7 141-9 6-78 4093
5 155-1 14-70 18-35 1-0468 8-9 146-2 6-12 4345
6 163-3 15-06 18-70 1-0377 9-3 154-0 6-12 4498
7 176-0 15-72 18-80 1-0351 10-0 166-0 6-07 4699
8 194-0 16-67 19-15 1-0262 115 182-5 5-89 5012
9 2100 17-61 20-30 0-9988 12-6 197-4 5-75 5458

(2) T h e  cu rv e  h a s  m in im u m  a n d  m a x im u m  p o s it io n s  fo r  / / 2 ,  betw een 
w hich p o sit io n s a  r is in g  p o r tio n  o f  th e  c u rv e  is  in  e x is te n c e . T h e  spread 
o f  th e  p o in ts  a ro u n d  th is  r is in g  p o r t io n — i .e . ,  b e tw e en  2 2 0 0  a n d  3000  R e— 
is  g re a te r  th a n  th e  sp r e a d  in  th e  v is c o u s  re g io n  fo r  th e  s a m e  system . 
T h u s th e  re lia b ility  o f  a n y  s in g le  d e te r m in a t io n  is  n o t  g r e a t  in  th e  critical 
reg ion . Y e t ,  on  th e  w hole, th e  se c o n d  ru n  c o n n e c ts  to  th e  f ir s t  ru n  fairly  
w ell, d e sp ite  th e  f a c t  t h a t  th e  a p p a r a t u s  w a s  p a r t ly  d ism a n t le d  in  betw een 
th e  ru n s  (to  ch an ge  th e  p o s it io n  o f  th e  c o n s ta n t- le v e l  d e v ice ) a n d  allow ed 
to  carry  w ate r  fo r som e d a y s .  T h u s  i t  m a y  b e  c o n c lu d e d  th a t ,  p rov ided  
sp e c ia l p re ca u tio n s  a re  t a k e n  to  e n su re  c o n s ta n c y  o f  in le t  le v e l, th e  viscous 
an d  tu rb u le n t re g io n s m a y  b e  c o n n e c te d  b y  a  c u rv e  sh o w in g  m in im um



a n d  m a x im u m  v a lu e s  fo r  / / 2 .  T h e  sh a p e  o f  su ch  cu rv e , h ow ever , is  n o t 
a  sy m m e tr ic a l  S - sh a p e .

(3) C o m p a r in g  F ig .  4  w ith  F ig .  1, i t  is  n o te d  th a t  th e  p o s it io n  o f  th e  
p re se n t  c u rv e  c o rre sp o n d s  t o  t h a t  o f  a  g a lv a n iz e d  tu b e  s l ig h tly  g r e a te r  
th a n  |  in . in  d ia m e te r . T h is  f a c t  is  im p o r ta n t ,  a s  th e  d ia m e te r  o f  th e  
p re se n t  tu b e  i s  o n ly  0-161 in .,  a n d  o n  th e  sch e m e  p re se n te d  in  F ig .  1 th e  
cu rv e  sh o u ld  h a v e  b e en  a b o v e  t h a t  o c c u p y in g  th e  h ig h e st  p o s it io n . O f 
cou rse , th e  f a c t  t h a t  th e  p r e se n t  tu b e  w a s  o f  d raw n  c o p p er  m e a n s  t h a t  i t  
w as a  “  sm o o th  ”  tu b e , a n d  th is  e x p la in s  th e  a n o m a lo u s  p o s it io n  w hen  
c o m p a re d  w i t h • g a lv a n iz e d  tu b e s — w h ich  a re  a s su m e d  to  b e  “ r o u g h ”
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REYNOLDS NUMBER (iN THOUSANDS)
F ig . 4.

c o m p a re d  w ith  co p p e r . N e v e r th e le s s , i t  i l lu s tr a te s  th e  f a c t  t h a t  a n  
e x tre m e ly  la r g e  e r ro r  is  p o ss ib le  i f  c u rv e s  a r e  t a k e n  fro m  th e  l i te ra tu re  
h a p h a z a rd ly , w ith o u t  e x tre m e  c are  b e in g  sh o w n  w ith  re g a r d  to  th e  n a tu re  
o f  th e  s u r fa c e  o f  th e  p ip e . I t  is  to  b e  re c o m m en d e d  t h a t  “  sp o t  t e s t s  
be  m a d e  w ith  a n y  p a r t ic u la r  s y s te m s  to  lo c a te  it  on  th e  c h a r t  sh o w n  in  
F ig .  1. T h is  is  a n  im p o r ta n t  lim ita t io n  o f  th e  f / 2  vs. R e  c h a rt . T h e  
n u m b er o f  p o in t s  r e q u ir e d  is  d is c u s se d  below . T a k in g  th e  d ia m e te r  
a lo n e  a s  a  c r ite r io n  o f  ro u g h n e ss  is  e v id e n tly  e rro n e o u s— e x c e p t , o f  cou rse , 
in su ch  w e ll- a u th e n tic a te d  c a se s  a s  th e  W e y m o u th  s  F o r m u la  fo r  th e  flow  
o f  g a se s  u n d e r  h ig h  p r e s su r e  a n d  a t  th e  v e ry  h igh  R e y n o ld s  n u m b e rs  u se d  
in  c o m m e rc ia l t r a n s p o r ta t io n  o f  n a tu r a l  g a s .

(4) T h e  sh a p e  o f  th e  c u rv e  sh o w n  in  F ig .  4 , co u p le d  w ith  th e  p o in t s  
d isc u sse d  im m e d ia te ly  a b o v e , m a k e  i t  a p p e a r  t h a t  th e  b e s t  m e th o d  o f  
d e term in in g  f / 2  fo r  th e  c r it ic a l  re g im e  is  to  fo llo w  e x p e r im e n ta l p ro c e d u re ,
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an d  n o t re ly  on  m a th e m a t ic a l  fo rm u la tio n . T h e  a t te m p ts  a t  m a th e m a tic a l 
deriv a tio n  o f  th e  in c id en ce  a n d  s ig n ific an c e  o f  th e  c r it ic a l re g io n  m a y  be 
stu d ie d  in  L a m b ’s H y d rod y n am ics, t o  i l lu s tr a te  th e  e x tre m e  d ifficu ltie s  m et 
in  th e  p rob lem .

I t  is p ertin en t h ere  to  in q u ire  in to  th e  im p lic it  s ig n ifican ce  a n d  lim ita 
tio n s o f  d im en sio n a l a n a ly s is  o n  w h ich  a  c o rre la t io n  su ch  a s  t h a t  e x istin g  
betw een  / / 2  an d  R e  i s  b a se d . T h e  f ir s t  p o in t  to  re m e m b e r  is  t h a t  desp ite  
the term  “  a n a ly s is  ”  th e  m e th o d  i s  p u r e ly  a n  e m p ir ic a l on e, b a se d  on 
certa in  e x p e r im e n ta l o b se rv a tio n s . T h u s , in  d e r iv in g  th e  p o ss ib le  n atu re  
o f  th e  re la tio n sh ip  b etw een  f / 2  a n d  th e  d iffe re n t v a r ia b le s  a ffe c tin g  it, it 
is  assum ed  th a t  th e  only  fa c to r s  o f  s ig n ific an c e  a re  th e  v e lo c ity  o f  flow, 
th e  d iam eter o f  th e  p ip e , a n d  th e  k in e m a tic  v is c o s ity  o f  th e  flu id . B y  
tak in g  th ese  a s  th e  on ly  fa c to r s  a n d  fo llo w in g  c e r ta in  s ta n d a r d  procedure 
in e q u a tin g  d im en sio n s, i t  is  fo u n d  t h a t ,  i f  th e  a s s u m p tio n s  a r e  tru e , then 

f / 2  — </> (R e). T h is  m e a n s  t h a t  i f  n o  o th e r  f a c to r  i s  o f  s ign ifican ce  in  the 
prob lem , th en  a  sm o o th  re p e a ta b le  c u rv e  w ill b e  o b ta in e d  o n  p lo tt in g  f /2  
a g a in st  th e  d im en sio n le ss  c riter io n  R e. T w o  p o in t s  a re  to  b e  rem em b ered  :
(1) I f ,  b e sid e s th e  p re se n t  fa c to r s ,  a n o th e r  is  a s s u m e d  to  a f fe c t  th e  value  
o f  f / 2  u n d er a n y  on e se t  o f  c o n d itio n s , th e n  a  d iffe re n t ty p e  o f  criterion  is 
o b ta in ed . (2) I f  a  s ig n ific an t f a c to r  is  ig n o re d , th e n , a lth o u g h  th e  an a ly sis  
den otes th a t  a  re la tio n sh ip  b e tw e en  f / 2  a n d  R e sh o u ld  e x is t— i .e .,  a  sm ooth  
cu rv e  sh o u ld  re su lt  fro m  p lo t t in g  f / 2  v s .  R e— in  f a c t  i t  w ill b e  fo u n d  th a t 
eith er no cu rv e  i s  o b ta in a b le , o r  th e  e x p e r im e n ta lly  fo u n d  p o in ts  will 
rev ea l a  “  sp re a d  ”  a ro u n d  th e  cu rv e .

T h u s, th e  re la tio n sh ip  b e tw e en  f / 2  a n d  R e c a n  o n ly  b e  a c c e p te d  i f  a 
sm o oth  cu rv e, w ith  no a p p re c ia b le  s p r e a d  o f  th e  p o in t s ,  i s  a c t u a l ly  ob ta in ed  
b y  exp erim en t.

Th e w ork  o f  m a n y  h a s  sh o w n  t h a t ,  p r o v id e d  c e r ta in  p re c a u t io n s  are 
tak e n , such  a  c u rv e  is  o b ta in a b le  in  th e  v is c o u s  re g io n . T h is  w ork  shows 
th a t  th e  p re c a u tio n s  t a k e n  w ere  su ffic ie n t, w ith in  th e  a c c u r a c y  required 
in  en gin eerin g c a lc u la tio n s  r a th e r  th a n  v isc o m e tr ic  s tu d ie s ,  to  p ro d u ce  a 
sm ooth  cu rv e  i f  su ch  e x is t s — a s  in  th e  v is c o u s  re g io n . Y e t  in  th e  critical 
reg ion , th e  sp re a d  is  m u ch  g r e a te r  th a n  t h a t  c h a ra c te r iz in g  th e  viscous 
reg io n . F o r  in sta n c e , a t  R e  o f  2 5 5 0 , f / 2  y ie ld s  v a lu e s  r a n g in g  betw een 
0-00552 an d  0-00608. T h u s  i t  c a n  o n ly  b e  c o n c lu d e d  t h a t  w h ilst  fo r the 
v isco u s reg io n  f / 2  i s  w h o lly  g o v e rn e d  b y  R e, in  th e  c r it ic a l  reg io n  other 
fa c to rs  n o t co n sid ered  in  th e  c r ite r io n  R e a r e  o p e r a t in g .

A n  a t te m p t  w a s  m a d e  to  f in d  w h e th e r  su r fa c e  te n s io n  w a s  su c h  a  factor. 
B y  ap p ly in g  B u c k in g h a m ’s 7 i-T h eorem ,2 W e b e r ’s  C r ite r io n  i s  o b ta in e d ,

i.e .,

w here a

d, v, a n d  p

T h u s b y  p lo ttin g  f / 2  vs. We a n d  v a r io u s  c o m b in a t io n s  o f  R e a n d  We, it 
w as h o p ed  to  o b ta in  a  c u rv e  on  w h ich  th e  e x p e r im e n ta l  p o in t s  w ill lie 
sm o o th ly  a n d  w ith o u t th e  sp r e a d , c h a r a c te r is t ic  o f  th e  c r it ic a l  cu rve  of 
/ /2  vs. R e. N on e o f  th e se  a t te m p ts ,  h o w e v e r , r e su lte d  in  su c h  a  cu rv e .

A g ain , lo ok in g  a t  th e  p ro b le m  p u r e ly  fro m  a  m a th e m a t ic a l  v iew poin t,

W  =  — -  
dv *  p

=  su r fa c e  ten sio n .

=  d ia m e te r , v e lo c ity  a n d  d e n s ity  a s  b e fo re .
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an d  ig n o r in g  th e  p h y s ic a l  s ig n ific an c e  o f  th e  v a r io u s  te rm s , i t  is  fo u n d  th a t

a  p lo t  o f  / / 2  vs. R e i s  in  r e a l ity  a  p lo t  o f  vs. ~ .  In  a  s in g le  sy ste m
W iP vd

H  Q
it  re d u ce s  to  a  p lo t  o f  vs. — . S u c h  a  p lo t  is  c h a ra c te r iz e d  b y  an

F ig . 5.

e x a g g e r a te d  s p r e a d  o f  p o in t  fo r  s l ig h t  in a c c u ra c ie s  in  Qt.3 I n  f a c t  i t  is  
an  e x tre m e ly  se n s it iv e  t e s t  o f  th e  a c c u r a c y  o f  e x p e r im e n ta l  d a ta .

A fte r  i t  w a s  se e n  t h a t  th e  s ig n ific an c e  o f  th e  R e y n o ld s  n u m b e r in  th e  
critica l re g io n  lie s  m e re ly  in  i t s  d e n o tin g  th e  f a c t  t h a t  su c h  a  re g im e  h a s
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b een  e sta b lish ed , an d , fu rth e r , t h a t  th e  R e y n o ld s  n u m b e r  is  n o t th e  sole 
g o v ern in g  criterion  in  su c h  a  reg io n , i t  b e c a m e  n e c e s sa ry  to  fin d  w hether a  
s im p le r  m e th o d  o f  p lo t tin g  th e  re su lt s  is  o b ta in a b le  o r n o t . S in ce  p lo ttin g

—  vs. —  e x a g g e r a te s  th e  sp re a d  o f  th e  p o in ts , i t  w a s  th o u g h t  t h a t  sim pler 
Qt2 v
p lo ts  m a y  be  o b ta in e d  w ith  H  vs. Qt- T h e  fa c to r  d u e  to  v isc o s ity  w as 
o m itte d , a s  i t  is  kn o w n  th a t  in  th e  tu rb u le n t  re g io n  v isc o s ity  m erely 
de term in es th e  ty p e  o f  flow  ta k in g  p la c e , a n d  is  o f  l itt le  d ire c t  im portan ce  
in  e v a lu a tin g  H .  F ig .  5 sh o w s t h a t  a lth o u g h  th e  v is c o s ity  o f  th e  w ater 
v a r ie d  b etw een  0-0099 a n d  0-0124 s to k e s ,  i t  sh o w s n o  in fluen ce  on the 
curve.

I t  is  a lso  seen  t h a t  a  p lo t  o f  H  vs. Qt in  th e  c r it ic a l  re g io n  re su lt s  in  two 
ac c u ra te ly  s tr a ig h t  lin e s  co n n e c te d  b y  a  sm a ll  re g io n  re p re se n te d  b y  an 
a lm o st  v e rt ic a l s t r a ig h t  line a ro u n d  th e  v a lu e s  o f  2 2 0 0 -2 5 0 0  R e. The 
low er s tr a ig h t  line d iffe rs  s l ig h tly  in  s lo p e  fro m  th e  lin e  d e n o tin g  viscous 
flow, a n d  d iffe rs  c o n sid e ra b ly  fro m  th e  u p p e r  lin e . I t  is  im p o r ta n t  to 
rea lize  th a t  b etw een  R e y n o ld s  n u m b e rs  1000  a n d  2 2 0 0  a n d  b etw een  2500 
a n d  5000  th e  p lo t  o f  th e  c o rre c te d  h e a d  lo s t  in  th e  p ip e  vs. th e  q u an tity  
d e livered  is  re p re se n te d  b y  s t r a ig h t  lin es  o n  C a r te s ia n  co -o rd in a te s . This 
m ean s t h a t  th e  n u m b e r o f  p o in ts  t o  b e  d e te rm in e d  e x p e r im e n ta lly  in 
order to  d e term in e  th e  c h a ra c te r is t ic  flow  c u rv e  fo r  a  s y s te m  in  th e  critical 
re g im e n eed  n o t  e x c e e d  5 - 2  p o in ts  b e tw e en  1000  a n d  2 0 0 0  R e a n d  2 points 
b etw een , sa y , 3 0 0 0  a n d  5 0 0 0  a n d  a  fifth  d e te rm in a t io n  a ro u n d  2000-3000 
to  lo c a te  th e  v e r t ic a l se c tio n  o f  th e  c u rv e . T o  d e te rm in e  th e  / / 2  vs. R , 
cu rv e  d ire c tly  a  co n sid e rab le  n u m b e r  o f  p o in t s  is  re q u ire d , s in ce  th e  curve 
p o sse sse s  b o th  a  m a x im u m  a n d  a  m in im u m . B y  m e a n s  o f  th is  sim plified 
p lo t , h ow ever, th e  fiv e  p o in ts  a re  su ffic ie n t to  c a lc u la te  th e  w hole range 
o f  / / 2  vs. R e cu rv e . I t  is  to  b e  n o te d  t h a t  R e y n o ld s  c r ite r ia  s t il l  play 
th e ir  p a r t  in  d e n o tin g  th e  re g im e  o f  flow  a n d  th e  r e la t iv e  p o s it io n  o f  the 
p o in ts  in  su ch  a  reg im e.

A n o th er im p o r ta n t  s ign ifican ce  o f  th e  p lo t  o f  H  vs. Qt d ire c t ly  is  that 
th ro u g h o u t th e  ra n g e  c o v e re d  b y  R e o f  1 0 0 0 -5 0 0 0  th e  fr ic t io n a l  resistance 
is  d ire c tly  p ro p o r tio n a l to  th e  f ir s t  p o w e r o f  th e  v e lo c ity  a c c o rd in g  to  the 
gen era lized  e q u a tio n  :—

H  =  a  -\- b Q t

or H  =  jp +  qv.

T h e  c o n sta n ts , h ow ever, ch an ge  th e ir  v a lu e s  b e tw e e n  th e  ra n g e  1000 to 
5 000 , a s  is  seen  b y  th e  g ra p h . A  p lo t  o f  H  v s. Q t o r  v o n  logarithm ic 
g ra p h s  w ou ld  su g g e st  th e  e q u a t io n

H  =  m vn.

T h is  e q u a tio n  h a s , in  fa c t ,  b een  p r o p o se d  w ith  a n  a p p a r e n t ly  vary in g  
e x p o n e n t  c h an g in g  fro m  1 a t  a  R e y n o ld s  n u m b e r  o f  1000  to  a  value 
g re a te r  th a n  3 a t  v a lu e s  o f  R e o f  2 5 0 0 , a n d  c o m in g  d o w n  to  1-6 a t  higher 
R f  v a lu e s , on ly  to  r ise  a g a in  to  n e a r ly  2 .4 T h is  c o m p lic a te d  arran gem en t 
is  d u e  to  th e  f a c t  t h a t  on  a  lo g a r ith m ic  p lo t  th e  in d e p e n d e n t  co n stan ts 
(a  o r p )  a re  in c lu d ed  in  th e  a r b it r a r y  c o n s ta n t  m  a n d  th e  v a r ia b le  in d ex  n. 
I h e  co m p lica tio n  m ere ly  i l lu s tr a te s  th e  d i s a d v a n ta g e s  o f  in d iscr im in ate  
u se  o f  lo g arith m ic  sc a le s  in  flow  p ro b le m s.



P lo t te d  o n  C a r te s ia n  c o -o rd in a te s  th e  c r it ic a l re g im e  re v e a ls  th e  c h a ra c 
te r ist ic  o f  v is c o u s  flow  in  t h a t  th e  h e a d  is  p ro p o r t io n a l to  th e  f ir s t  pow er 
o f  v e lo c ity , b u t  d e p a r t s  fro m  v isc o u s  flow  in  t h a t  th e  p lo t  d o e s  n o t  p a s s  
th ro u gh  th e  o r ig in , th e  s t r a ig h t  lin e  c h a n g e s  s lo p e  a t  c e rta in  p o in ts , a n d  
in  th a t  k in e m a tic  v is c o s ity  c h a n g e s  u p  to  25  p e r  cen t, a p p e a r  to  b e  
in sign ifican t.

In  a ll m o d e l e x p e r im e n ts  i t  is  im p o r ta n t  t h a t  e v e ry  c irc u m sta n c e  o b ta in -
■

T a b l e  I II .

N IS S A N  : F L O W  O F  L IQ U ID S  U N D E R  C R IT IC A L  C O N D IT IO N S .  2 6 9

H , cm. Q„
c.c./sec.

v, centi- Corrn. H  corrd.,
No. t, °  C. to H. = cm. of / /  2 x l 0 3.

S? o f water. stokes. 0-0418 Q,2. water.

1. 1 21-36 5-251 9-39 1-332 0-68 20-68 6-94 1225
s? 2 31-65 7-143 9-30 1-331 1-26 30-39 5-54 1668

3 42-90 9-091 8-84 1-334 2-05 40-85 4-56 2120
4 49-40 9-770 8-71 1-353 2-37 47-03 4-54 2243pj 5 59-60 10-50 8-42 1-358 2-74 56-86 4-75 2400

I 6 71-40 10-93 8-35 1-369 2-96 68-44 5-30 2480
e' 7 84-20 11-65 8-30 1-372 3-37 70-83 4-82 2635

8 101-4 12-75 8-22 1-374 4-03 97-37 5-54 2884
a 9 118-4 13-91 8-14 1-377 4-80 113-60 5-42 3140
at: ■ 10 141-5 15-27 8-08 1-380 5-79 135-71 5-36 3440

ali 11 161-5 16-34 8-85 1-383 6-61 154-89 5-36 3680

v 12 175-6 17-06 8-25 1-352 7-21 168-39 3-35 3930
13 193-3 18-10 7-80 1-376 8-13 185-17 5-22 4080
14 218-0 19-69 7-80 1-395 9-60 208-40 4-99 4390
15 260-0 21-50 7-80 1-395 11-48 248-52 4-97 4790
16 286-8 22-68 7-50 1-395 12-75 274-05 4-92 5050

£9 17 337-9 24-60 7-40 1-407 15-00 322-90 4-92 5430
18 369-9 26-02 7-40 1-411 16-80 353-10 4-82 5730

ife 19 396-0 27-13 7-40 1-411 18-23 377-77 4-74 5970

1 22-23 4-95 5-7 1-487 0-61 21-62 8-13 1034
2 25-91 5-62 5-9 1-478 0-79 25-12 7-32 1183
3 26-19 5-65 5-8 1-482 0-80 25-39 7-31 1183

iln 4 30-86 6-51 5-8 1-482 1-10 29-76 6-48 1360
5 30-91 6-52 5-9 1-478 112 29-79 6-47 1370
6 35-66 7-78 5-9 1-478 1-50 34-16 5-23 1634

is* 7 35*76 7-46 5-8 1-482 1-38 34-38 5-69 1563
8 41-16 8-31 5-8 1-482 1-72 39-44 5-28 1740
9 45-26 9-00 5-7 1-487 2-01 43-25 4-93 1879

10 45-76 9-16 5-9 1-478 2-09 43-67 4-81 1926
11 48-86 9-48 5-8 1-482 2-23 46-63 4-77 1985
12 51-81 9-90 5-9 1-478 2-44 49-37 4-73 2081

13 55-26 10-16 5-9 1-478 2-56 52-70 4-71 2137

y

¡it i

a *
Cl*
M

P

14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28

58-36
58-96
64-31
65-36 
72-96 
78-46 
85-06

107-3
120-0
143-3
169-4
199-5
212-8
454-0
478-0

10-57
10-59
11-05
10-96
11-40 
11-68
12-41
13-51
14-12
15-62
16-93
18-59
19-3 
29-0 
29-4

5-8
5-9
5-9
5-6
5-5
5-5
5-5
6-2 
6-2 
6-2 
6-3 
6-3 
6-4
6-5
7-1

1-482
1-478
1-478
1-491
1-496
1-496
1-496
1-466
1-464
1-464
1-460
1-460
1-455
1-451
1-421

2-78
2-79
3-03
2-98
3-23 
3-39
3-84
4-55 
4-94 
6-06
7-12
8-60 
9-25

20-85
21-5

55-58
56-17 
61-28 
62-38 
69-73 
75-07 
81-22

102-7
11-5-1
137-2
162-3
190-9
203-5
433-1
456-5

4-58
4-61
4-62
4-79
4-94
5-07
4-85
5-17 
5-32 
5-09 
5-18 
5-08 
5-03 
4-75 
4-86

2215
2224
2327
2283
2370
2423
2578
2864
2963
3311
3634
3955
4111
6212
6430
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in "  in  th e  la rg e -sc a le  a p p a r a t u s  sh o u ld  b e  c o p ie d  in  th e  m o d e l. I n  th ese  
e x p e r im e n ts  i t  w a s  s tr e sse d  t h a t  e x tre m e  p r e c a u t io n s  w ere  t a k e n  to  ensure 
t h a t  th e  in le t p re ssu re  w a s  m a in ta in e d  c o n s ta n t .  I n  a c t u a l  p r a c t ic e  such  
p re ca u tio n s  a re  u su a lly  im p r a c t ic a b le . T h u s  i t  is  in te re s t in g  to  see the 
e ffe c ts  o f  s lig h t  o sc illa tio n  p ro d u c e d  a t  ra n d o m , a n d  n o t  b y  a n y  p re d e te r
m in ed  sy ste m , on  th e  c u rv e s  o b ta in e d .

T h e  fo llow in g  re su lt s  w ere  o b ta in e d  b y  u s in g  a  s in g lè  con stan t-leve l 
d ev ice  on  th e  in le t, w hich  m a in ta in e d  th e  in le t  le v e l c o n s ta n t  to  th e  lim its 
o f  re a d in g  th e  m a n o m e tr ie  sc a le s , th r o u g h o u t  th e  v is c o u s  reg io n . The 
e x t r a  v e lo c ity  re q u ire d  in  th e  c r it ic a l re g io n  p r o d u c e d  a  s lig h t  o sc illa tion  
in  th e  in le t  le v e l -as th e  w a te r  e n te re d  th e  c o n sta n t- le v e l  d e v ic e  fro m  the

(in  h u n d r e d s )

REYN O LD S N U M BER
F ig . 6.

t a p .  T h is  o sc illa tio n , c o u p le d  w ith  t h a t  d u e  t o  th p  re g im e  itse lf , resu lted  
in  v a r ia t io n  in  th e  in le t  p re ssu re  c o m p a ra b le  w ith  w h a t  m ig h t  o b ta in  in a 
tech n ica l a p p a r a tu s  b e in g  fe d  b y  a  p u m p  h a v in g  s m a ll  p u lsa t io n . The 
re su lt s  o b ta in e d  in  th e se  t e s t s  a re  sh o w n  in  T a b le  3.

In  F ig .  6 is  a  p lo t  o f  / / 2  vs. R e fo r  th is  s e t  o f  e x p e r im e n ts . C ertain  
in te re stin g  fa c t s  b eco m e  e v id e n t  o n  c o m p a r in g  th is  c u rv e  w ith  th a t 
o b ta in e d  in  F ig .  4 , show n  b ro k e n  on  F ig .  6.

U p  to  a  R e y n o ld s  n u m b e r o f  2 1 0 0 -2 2 0 0 , th e  tw o  c u rv e s  a r e  p rac tica lly  
th e  sam e . B e y o n d  2 2 00 , h o w ever , th e  tw o  c u rv e s  b e co m e  d istin ctly  
d iffe ren t. T h e  cu rv e  w here sh o c k s  w ere n o t  e l im in a te d  sh o w s :

(1) a  low  v a lu e  fo r  / / 2  fo r  a n y  v a lu e  o f  R e b e tw e en  2 1 0 0  a n d  6 5 0 0 ;
(2) a  g r e a te r  a m o u n t o f  “  s p r e a d  ” — i .e . ,  i s  le s s  re liab le  th a n  the 

c u rv e  o f  F ig .  4 . A t  h igh er v a lu e s  o f  R e th e  tw o  c u rv e s  a p p are n tly  
co in cide.
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T h u s in  m o d e l e x p e r im e n ts  c a re  sh o u ld  b e  e x e rc ise d  t h a t  n o  e x t r a  
precaution- b e  t a k e n  th a n  i s  p r a c t ic a b le  in  th e  f in a l a p p a r a tu s .  In  o th er 
w ords, d isc re tio n  sh o u ld  b e  e x e rc ise d  in  c h o o sin g  a  v a lu e  fo r  / / 2  fro m  th e  
lite ra tu re , n o t  o n ly  w ith  r e g a r d  to  ro u g h n e ss , d ia m e te r , n a tu re  o f  su rfa ce , 
e tc ., b u t  a lso  w ith  r e g a r d  to  th e  a c t u a l  te c h n iq u e  u se d  a n d  p re c a u tio n s  
tak e n . In  th e se  l a s t  s e t s  o f  r e su lt s  th e  re a d in g s  w ere  t a k e n  a s  a c c u ra te ly
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a s  in  th o se  p re v io u s ly  re p o rte d , a n d  a ll  c o n d itio n s  w ere  m a in ta in e d  th e  
sam e  sa v e  th e  ra n d o m  flu c tu a tio n s  in  th e  h e a d . T h e se  f lu c tu a tio n s  n ever 
e x c e e d e d  3 m m . w ater . I n  e ac h  c a se  t im e  w a s  a llo w e d  fo r  a  s te a d y  s ta te  
to  be  e s ta b lish e d .

F in a lly , F ig .  7 p re se n ts  re su lt s  o f  p r a c t ic a l  in te re s t  a n d  im p o rtan ce . 
I t  is  a  p lo t  o f  th e  h e a d  lo s t  in  f r ic t io n a l re s is ta n c e  a g a in s t  v o lu m e tr ic  ra te  
o f  flow , n eg lec tin g  a  15 p er cen t, o v e ra ll  c h a n g e  in  k in e m a tic  v isc o s ity . 
I t  is  s im ila r  to  F ig .  5 in  tw o  re sp e c ts  a n d  d iffe re n t fro m  i t  in  tw o  o th ers. 
F o r  th e  ra n g e  o f  R e b e tw een  1000  a n d  2 1 0 0  a p p r o x im a te ly  i t  y ie ld s  a  
s tr a ig h t  lin e id e n tic a l w ith  t h a t  o b ta in e d  w h en  p u lsa t io n  a t  in le t  w as 
e lim in a ted . A lso  s im ila r ly  t o  th o se  t e s t s ,  a  s t r a ig h t  lin e  co n n e c ts  p o in ts 
o b ta in e d  b etw een  3000  a n d  5 0 0 0  R e. T h e se  tw o  s t r a ig h t  lin es  o b ta in ed  
in  th e  c irc u m stan c e s  m e n tio n e d  a re  n o t , h o w ev er , id e n tic a l,  a s  can  be 
seen  in  F ig .  7, w here th e  d a sh e d  lin e  re p re se n ts  th e  p re v io u s  resu lts . 
T h e y  are  a lm o st  p a ra lle l, w ith  th e  p r e se n t  lin e  ly in g  b e low  th e  p rev iou s 
one. T h is  c o n s titu te s  th e  f ir s t  d ifferen ce . T h e  se c o n d  m a jo r  d ifferen ce  is 
th e  ab se n ce  o f  th e  v e r t ic a l  se c tio n  o f  th e  c u rv e  c o n n e c tin g  th e  lower 
s tr a ig h t  line w ith  th e  u p p e r  on e seen  in  F ig .  5 . H e re  th e  tw o  stra igh t 
lin es m ere ly  in te rse c t . T h u s  it  is  c o n c lu d e d  t h a t  th e  v e r t ic a l  sec tion  of 
th e  cu rv e  in  F ig .  5 re p re se n ts  a n  u n s ta b le  s t a t e  w h ich  c a n  o n ly  b e  realized 
in  la b o ra to ry  e x p e r im e n ts  w here  sp e c ia l  p r e c a u t io n s  a re  t a k e n  to  preserve 
it. In  o rd in a ry  p ra c t ic e  it  d is a p p e a r s .

A b o v e  5 000  R e th e  p lo t  o f  c o rre c te d  h e a d  lo s s  vs. v o lu m e tr ic  ra te  of 
flow  fo llo w s th e  n o rm a l c u rv e d  lin e  c h a ra c te r is t ic  o f  th e  tu rb u le n t  regim e.

C o n c l u s io n s .

(1) In  la b o r a to ry  e x p e r im e n ts  w h ere  sp e c ia l  p r e c a u t io n s  a r e  tak en  to 
e lim in a te  a l l  p u lsa tio n s  a t  th e  in le t  to  th e  sy s te m , a  p lo t  o f  lo g  (//2 ) vs. 
lo g  (R e) y ie ld s  an  a sy m m e tr ic a l  S - sh a p e d  c u rv e  w ith in  th e  re g io n  o f  1000- 
5000  R c.

(2) T h e  lim b  o f  th is  cu rv e , b e tw e en  1000  a n d  2 2 0 0  R e, i s  n o t  identical 
w ith  th e  e x t ra p o la te d  c u rv e  o f  s tr e a m lin e  flow . I t  lie s  a b o v e  it.

(3) T h is  cu rv e , o b ta in e d  fo r  a  c o p p e r  tu b e  0-161 in . in  d ia m e te r , lies in 
a  reg io n  on  th e  ge n e ra l c h a rt  sh o w n  in  F ig .  1 c o rre sp o n d in g  to  a  ga lvan ized  
tu b e  o f  s lig h tly  g re a te r  d ia m e te r  th a n  0-5 in .

(4) F o r  su ch  e x p e r im e n ts  a  p lo t  o f  fr ic t io n a l  h e a d  vs. r a t e  o f  flow  yields 
a  s tr a ig h t  line fo r th e  reg io n  o f  1 0 0 0 -2 2 0 0  R r  a n o th e r  s t r a ig h t  line for 
th e  reg io n  o f  2500  a n d  5 0 0 0  R e, a n d  a  v e r t ic a l  lin e  c o n n e c tin g  th e  two 
s tr a ig h t  lin es. A  ch an ge  o f  25  p e r  cen t, in  v is c o s ity  m a y  be ignored. 
B o th  s tr a ig h t  lin es h a v e  d iffe ren t s lo p e s  fro m  e a c h  o th e r  a n d  from  the 
v isc o u s  line.

(5) W h ere p u lsa tio n s  in  th e  in le t  a re  n o t  e l im in a te d , a  p lo t  o f  log  (//2 ) 
vs. lo g  (R e) y ie ld s  a n  a sy m m e tr ic a l  S - s h a p e d  c u rv e  w ith in  th e  ra n g e  1000- 
5 0 0 0  R e. T h is  c u rv e  is  n o t  id e n tic a l  in  a ll  p a r t s  w ith  th e  s im ila r  curve 
o b ta in e d  w here p u lsa tio n s  w ere e lim in a te d .

(6) T h e  lim b  o f  th is  cu rv e , b e tw e en  1000  a n d  2 2 0 0  R e, i s  a lm o st  iden tical 
w ith  th e  co rre sp o n d in g  p a r t  o f  th e  c u rv e  o b ta in e d  w h en  p u lsa t io n s  were 
e lim in a te d .

(7) A  p lo t  o f  th e  fr ic t io n a l h e a d  v s. r a te  o f  flow  fo r  th e se  e x p erim en ts
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(w here p u ls a t io n  in  th e  in le t  w a s  p r e se n t)  y ie ld s  tw o  s tr a ig h t  lin e s  in te r
sectin g  a t  a n  a p p r o x im a te  v a lu e  o f  2 4 0 0  R e a n d  c o v e rin g  th e  reg io n  
betw een  1000 a n d  5 0 0 0  R c. A b o v e  5 0 0 0  R e th e  p lo t  is  a  c u rv e  c h a ra c 
te r ist ic  o f  th e  tu rb u le n t  re g io n . T h e re  is  n o  a p p a r e n t  u n s ta b le  reg io n  
con n ectin g  th e  tw o  s t r a ig h t  lin es . T h e  s t r a ig h t  lin e  co v e rin g  th e  reg io n  
1 0 0 0 -2400  R e is  id e n tic a l  w ith  t h a t  o b ta in e d  in  e x p e r im e n ts  w here p u ls a 
tion s w ere  e lim in a te d . T h e  lin e  c o n n e c tin g  2 4 0 0 -2 5 0 0  R e to  5 0 0 0  R e is  
p a ra lle l t o  th e  c o rre sp o n d in g  lin e , o b ta in e d  w here  p u lsa t io n s  h a v e  b een  
e lim in ated , b u t  i s  lo w er in  H  v a lu e s  o n  th e  c h a r t . V isc o s ity  ch an ge  o f  
15 p er cen t, h a s  b e en  ig n o re d  w ith  n o  a p p a r e n t  e ffe c ts .

(8) I n  te c h n ic a l a p p a r a t u s  w h ere  p u lsa t io n s  a re  n o t  e lim in a te d  th e  h ea d  
lo st in  th e  c r it ic a l  re g io n  is  p ro p o r t io n a l to  th e  f ir s t  p o w er o f  th e  r a te  o f  
flow, w ith  th e  c o n s ta n t  o f  p r o p o r t io n a li ty  a s su m in g  a  v a lu e  in  th e  reg io n  
1000-2400  R e s l ig h t ly  g r e a te r  t h a n  th e  v a lu e  fo r  th e  v is c o u s  re g im e , an d  
a ssu m in g  a  s t i l l  g r e a te r ,  b u t  c o n s ta n t  v a lu e , b e tw e en  2 4 0 0  a n d  5 0 0 0  R e. 
T hus th e  c r it ic a l  re g im e  is  s im ila r  to  th e  v is c o u s  re g im e  in  h a v in g  lin ear 
re la tio n sh ip s b e tw e e n  fr ic t io n a l  h e a d  a n d  r a te  o f  flow , a n d  i t  is  s im ila r  to  
tu rb u len t flow  in  th e  sm a ll  d ire c t  in flu en ce  t h a t  v is c o s ity  a p p e a r s  to  
have.
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GRAPHICAL AND MECHANICAL DETERMINATION OF THE TRUE DIP PROM MAGNETICALLY ORIENTATABLE CORES TAKEN IN CROOKED HOLES.*
B y  D r. G . D . H o b s o n .

S e v e r a l  y e a r s  a g o  L y n to n  2 d e sc r ib e d  a p p a r a t u s  fo r  th e  o r ie n ta t io n  o f  
w ell-cores ac c o rd in g  t o  th e ir  m a g n e tic  p o la r ity .  I n  v e r t ic a l  h o le s th e  
s a t is fa c to r y  o r ie n ta tio n  o f  co re s in  th is  m a n n e r  m a k e s  p o ss ib le  th e  m e a su r e 
m e n t  o f  th e  t ru e  d ip  a n d  d ip  d ire c tio n  o f  th e  b e d s  a t  th e  p o in t  o f  corin g , 
a s su m in g  t h a t  th e  e a r th ’s  m a g n e tic  fie ld  a t  th e  p o in t  o f  co rin g  is  in  th e  sa m e  
a z im u th  a s  a t  th e  su rfa c e . C o res  t a k e n  in  cro o k e d  h o le s a n d  th e n  o r ie n ta te d  
m a g n e tic a lly  w hen  th e  core  is  v e r t ic a l  m e re ly  sh o w  a n  a p p a r e n t  d ip  a n d  
d ip  d irec tio n . T h e  in c lin a tio n  o f  su ch  co re s t o  co in c id e  w ith  th e  d e v ia t io n  
o f  th e  h ole  g iv e s  th e  t ru e  d ip  a n d  d ip  d ire c tio n  o f  th e  b e d s  o n ly  w hen , a t  
th e  sam e  t im e , th e  d ire c tio n  o f  m a g n e tiz a tio n  o f  th e  core  i s  m a d e  to  ag ree  
w ith  th e  e a r th ’s  m a g n e tic  fie ld .

A t  th e  e n d  o f  h is  p a p e r  L y n to n  d e sc r ib e d  a  m e c h a n ica l d e v ia t io n  cor
re c to r  fo r  fin d in g  th e  t ru e  d ip  a n d  d ip  d ire c tio n  o f  th e  b e d s  fro m  m a g n e tic 
a lly  o r ie n ta ta b le  co re s c u t  in  cro o k e d  h o les. I n  th is  d e v ic e  th e  p la n e  o f  a  
b o a rd  p iv o te d  on  th e  u p p e r  e n d  o f  a  v e r t ic a l  ro d  is  s e t  to  sh o w  th e  a p p a re n t  
d ip  a n d  d ip  d ire c tio n  o f  th e  b e d d in g  in  th e  core  w h en  a  h o r iz o n ta l p o in ter 
a t ta c h e d  to  th e  ro d  i s  p o in t in g  e a s t -w e s t .  T h e  ro d , w ith  a t ta c h e d  p o in ter 
a n d  t il t e d  b o a rd , i s  n e x t  in c lin e d  a t  an  a n g le  a n d  in  a  d ire c t io n  c o rre sp o n d in g  
w ith  th e  d e v ia t io n  o f  th e  b o reh o le . I f  th is  m o v e m e n t h a s  d e fle c te d  th e  
p o in te r  o u t  o f  a  v e r t ic a l  e a s t - w e s t  p la n e , th e  ro d  i s  r o t a te d  a b o u t  its  
lo n g itu d in a l a x is  u n til  th e  p o in te r  lie s  on ce  m o re  in  a  v e r t ic a l  e a s t-w e st  
p la n e . T h e  l a s t  a d ju s tm e n t  is  a s su m e d  to  b rin g  th e  b o a r d  in to  a  po sitio n  
in  w hich  i ts  p la n e  g iv e s  th e  t ru e  d ip  a n d  d ip  d ire c tio n  o f  th e  b e d s . I n  m ost 
in sta n c e s  th is  a s su m p tio n  is  in co rrec t , a lth o u g h  th e  e rro r  in v o lv e d  m a y  be 
sm a ll p ro v id e d  t h a t  th e  d e v ia t io n  o f  th e  w ell fro m  th e  v e r t ic a l  is  n o t  large . 
T h e  e rro r a r ise s  fro m  th e  f a c t  t h a t  th e  fin a l r o ta t io n  a b o u t  th e  r o d ’s  lo n g i
tu d in a l  a x is  d o e s  n o t  re s to re  th e  m a g n e tic  lin es o f  fo rc e  in  th e  core  to  th e ir  
p r o p e r  d ire c tio n , e x c e p t  in  a  few  c a se s . C o n se q u e n tly , th e  p la n e  re p re 
se n tin g  th e  d ip  o f  th e  b e d s  is  n o t  a lw a y s  c o rre c tly  s e t  in  sp a c e .

J o h n s o n 1 n o te d  th e  s e a t  o f  th e  e rro r  w ith o u t  s ta t in g  sp e c ific a lly  th a t  
th e  re c o m m en d e d  m e th o d  o f  u s in g  L y n t o n ’s  m e c h a n ica l d e v ia t io n  c o r
re c to r  is  n o t  f law less . H e  o u tlin e d  a  se r ie s  o f  s te p s  w h ich  w o u ld  g iv e  th e  
t ru e  d ip  a n d  d ip  d ire c tio n  fro m  m a g n e tic a lly  o r ie n ta te d  co re s, b u t  h is  
d isc u ss io n  is  n o t  r e a lly  c le a r  o n  a ll  p o in ts . H e  a lso  d e sc r ib e d  a  stereo - 
g r a p h ic  n e t  so lu tio n  o f  th e  p ro b le m , a n d  w o rk e d  o u t  th re e  e x a m p le s , th e  
b a s ic  d a t a  fo r  w hich  w ere  n o t  p r e se n te d  in  a  m a n n e r c a lc u la te d  to  m a k e  e a sy  
th e  u n d e rs ta n d in g  o f  th e  m e th o d  e m p lo y e d .

I t  w ou ld  a p p e a r  th a t  th e  a p p a r e n t  d ip  a n d  d ip  d ire c t io n  o f  th e  core  
b e d d in g , c o u p le d  w ith  th e  d e v ia t io n  o f  th e  h o le , d o  n o t , in  g e n e ra l, p ro v id e  

*  Received 4th September, 1942.
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su ffic ie n t  d a t a  fo r  d e te rm in in g  a c c u r a te ly  th e  t r u e  d ip  a n d  d ip  d ire c t io n  
o f  th e  b e d s . E it h e r  th e  a c tu a l  d ire c t io n  o f  th e  lin e s  o f  m a g n e tic  fo rc e  in  th e  
co re  o r th e  d ip  o f  th e  e a r th ’s  m a g n e tic  fie ld  m u s t  a lso  b e  k n o w n . A  
k n o w le d g e  o f  th e  d ip  o f  th e  e a r th ’s  m a g n e tic  fie ld  se e m s  to  b e  m o s t  c o n 
v e n ie n t , a lth o u g h  i t  w ill u s u a lly  in v o lv e  th e  a s s u m p tio n  t h a t  th e  d ip  o f  th e  
lin e s  o f  fo rc e  a t  th e  su r fa c e , w h ere  th e  d ip  i s  m o s t  e a s i ly  m e a su re d , is  th e  
s a m e  a s  a t  th e  p o in t  in  th e  e a r th ’s  c ru s t  a t  w hich  th e  c o re  w a s  t a k e n . 
Jo h n s o n ’s  s te r e o g ra p h ic  n e t  so lu t io n  e m p lo y s  th e  d e v ia t io n  o f  th e  h o le , 
th e  d ip  o f  th e  e a r th ’s  m a g n e tic  fie ld , a n d  th e  a p p a r e n t  d ip  a n d  d ip  d ire c tio n  
o f  th e  b e d d in g  in  th e  m a g n e tic a lly  o r ie n ta te d  core . I f  n e c e s sa ry  th e  s a m e  
d a t a  m a y  b e  u s e d  to  so lv e  th e  p ro b le m  g r a p h ic a l ly  w ith o u t  a n y  sp e c ia l 
d e v ic e , a lth o u g h  th e  g r a p h ic a l  so lu tio n  i s  n o t  so  q u ic k  a s  th e  s te re o g ra p h ic  
n e t  so lu t io n .

C o n sid e r  a  co re  a s  i t  lie s  in  th e  b e d  fro m  w h ich  i t  is  c u t  in  a  c ro o k e d  h o le , 
a n d  fo c u s  a t te n t io n  on  th e  t r u e  d ip  a n d  d ip  d ire c t io n  o f  th e  b e d s , th e  d ire c 
t io n  o f  th e  e a r th ’s  m a g n e tic  fie ld  a n d  th e  a x is  o f  th e  w ell— i .e . ,  th e  a x is  o f  
th e  core . T h e  a x is  o f  th e  core  c a n  b e  m a d e  v e r t ic a l  b y  r o ta t in g  th e  core  
a b o u t  a  h o r iz o n ta l lin e ly in g  in  a  p la n e  p e rp e n d ic u la r  to  th e  a x is  o f  th e  w ell. 
T h e  a n g le  o f  r o ta t io n  is  e q u a l to  th e  d e v ia t io n  o f  th e  w ell fro m  th e  v e r t ic a l .  
In  m o st  in s ta n c e s  th e  ro ta t io n  w ill sw in g  th e  lin es  o f  fo rc e  w ith in  th e  
m a g n e tic  co re  o u t  o f  th e  v e r t ic a l  p la n e s  c o n ta in in g  th e  e a r th ’s  l in e s  o f  fo rce , 
a n d  i t  w ill a lso  c h a n g e  th e  d ire c t io n  a n d  a m o u n t  o f  d ip  o f  th e  b e d s . R o t a t io n  
o f  th e  c o re  a b o u t  i t s  a x is ,  n ow  v e r t ic a l ,  a llo w s th e  c o re ’s  l in e s  o f  m a g n e tic  
fo rc e  t o  b e  b ro u g h t  b a c k  in to  th e  v e r t ic a l  p la n e s  c o n ta in in g  th e  e a r th ’s 
lin es  o f  fo rc e , a lth o u g h  th e  tw o  s e t s  o f  lin e s  o f  fo rce  w ill n o t  n e c e s sa r i ly  d ip  
a t  th e  s a m e  an g le . T h e  a p p a r e n t  d ip  a n d  d ip  d ire c t io n  o f  th e  b e d d in g  in  
th e  core  m a y  b e  m e a su r e d  in  th is  p o s it io n , a n d  th e  m e a su re m e n ts  w ill 
a g re e  w ith  th o se  o b ta in e d  o n  co re s, th e  n o rth  a n d  so u th  s id e s  o f  w hich  h a v e  
b e e n  d e te r m in e d  b y  m e a n s  o f  H e rr ic k  a n d  L y n t o n ’s  a p p a r a t u s . 2

T h e  g r a p h ic a l  so lu t io n  m e n tio n e d  a b o v e  is  b a s e d  o n  a  re v e r sa l  o f  th e  
se r ie s  o f  m o v e m e n ts  d e sc r ib e d  in  th e  p re c e d in g  p a r a g r a p h ,  a n d  is  a s  
fo llo w s :—

L e t  th e  d ip  o f  th e  e a r th ’s  m a g n e tic  fie ld  b e  S ; th e  a p p a r e n t  d ip  o f  th e  
b e d s  in  th e  m a g n e tic a lly  o r ie n ta te d  core  a  in  a  d ire c t io n  0 , m e a su r e d  c lo c k 
w ise  fro m  m a g n e tic  n o r t h ; a n d  th e  d e v ia t io n  o f  th e  w ell p fro m  th e  v e r t ic a l  
in  a  d ire c t io n  cf>, a g a in  m e a su r e d  c lock w ise  fro m  m a g n e tic  n o rth .

S e t  o u t  a  fin e  r e p re se n t in g  m a g n e tic  n o r th - so u th  (F ig . 1) a n d  m a r k  a  
p o in t  0  n e a r  i t s  m id d le .*  F r o m  0  m a rk  o ff  to  th e  n o r t h f  a  d is ta n c e

O X  o f  le n g th  7 — L c m .J  to  sc a le .
tftll o

T h e  s t r ik e  o f  a  p la n e  p e rp e n d ic u la r  to  th e  a x is  o f  th e  d e v ia te d  h o le  is

*  This graphical solution involves the use of a  plan and elevation. The point on the 
elevation corresponding with a  point on the plan is given the sam e letter with a  suffix /■;. 
The point to which a  given point m oves as  a  result o f any of the m ovements described, 
is given the sam e letter with a  suffix '.

f  In  F ig . 1 it is assum ed th at the magnetic lines o f force dip downwards to the north. 
The m ethod is still applicable even though the dip m ay not be downwards to the north. 
The procedure needed to meet this second case will be apparent since the m ethod aim s 
a t  depicting the actual m ovem ents necessary to set the core in its correct position in 
space.

J  The choice o f 100 cm. as  the depth unit is purely arbitrary. Any other unit will 
serve so long as  it is used throughout.



HOT A T  I ON

a — apparent dip of beds.

0 =  apparent direction of beds.

8 =  dip o f earth’s m agnetic field. 

jS =  deviation o f well from vertical. 

<f> =  direction of deviation o f well.

€ =  true dip o f beds. 

j  p* =  true direction of beds.

F ig . 1.

T H E  A N G L E S  G IV IN G  T H E  H IP  O R  D E V IA T IO N  D IR E C T IO N S  A R E  R E C O R D E D  FR O M  M A G N E T IC  N O R T H  A S  Z E R O .

si /v I i rj ** s '  £■> w M. ot ,* ; I■> '- 1’j . ss-i.i . \ .J  - - IV \ 1 C, "ZL AL A 'S. es -I-



<!> 9 0 ° ,  a n d  th e  p la n e  d ip s  a t  a n  a n g le  p in  th e  d ir e c t io n  <f> -(- 1 8 0 °.
T h ro u g h  0  d r a w  a  s t r ik e  lin e  L M  ru n n in g  in  th e  d ire c t io n  <f> -f- 9 0 ° .  P r o 
du ce  L M ,  a n d  o n  th e  e x te n s io n  m a r k  a  p o in t  0 E w h ich  is  t o  b e  c o n s id e re d  
a s  th e  p o s it io n  on  th e  e le v a t io n  c o rre sp o n d in g  w ith  0  o n  th e  p la n , th e  
e le v a t io n  b e in g  d ra w n  w h en  lo o k in g  in  th e  d ire c t io n  M L .  V e r t ic a lly  
below  0 E  o n  th e  e le v a t io n — i .e .,  o n  th e  e x te n s io n  o f  L M — m a r k  a  p o in t  
T e , 100  cm . b e lo w  0 E , a n d  a t  r ig h t  a n g le s  t o  Oe T e , d r a w  a  s t r a ig h t  lin e  
Y T e Z ,  w h ich  w ill b e  th e  r e p r e s e n ta t io n  o f  a  h o r iz o n ta l  lin e . F r o m  X  
d rop  a  p e r p e n d ic u la r  X X E o n  t o  Y Z ,  t h u s  lo c a t in g  th e  p o s it io n  o n  th e  
e le v a tio n  c o rre sp o n d in g  w ith  X  o n  th e  p la n , fo r  O X  o n  th e  p la n  is  th e  
h orizo n ta l p r o je c t io n  o f  a  lin e  o f  fo rc e  w h ich  is  s u p p o s e d  to  ru n  n o rth  fro m  
0  u n til  i t  m e e t s  a  h o r iz o n ta l  p la n e  1 0 0  cm . b e lo w  O. O n  th e  e le v a t io n  th e  
a x is  o f  th e  w ell m a y  b e  re p r e se n te d  b y  a  lin e  0 EP  m a k in g  a n  a n g le  o f  p 
w ith Oe T e . I n  o r d e r  t o  m a k e  th e  w ell v e r t ic a l ,  th e re  m u s t  b e  ro ta t io n  
ab o u t th e  a x i s  L M ,  w h ich  m e a n s  r o ta t io n  a b o u t  0 E  o n  th e  e le v a t io n . 
A pply in g r o ta t io n  th r o u g h  a n  a n g le  p a b o u t  0 E w ill c a u se  X E t o  m o v e  to  
X 'E, w h ere  0 EX ' E =  0 EX E , a n d  l  X ' e Oe X e  =  p. O n  th e  p la n , ro ta t io n  
about L M  w ill c a u se  th e  p la n  p o s it io n s  o f  a l l  p o in t s  n o t  a c tu a l ly  o n  L M  to  
be d isp lace d  in  d ire c t io n s  a t  r ig h t  a n g le s  t o  L M .  H e n c e , X  w ill m o v e  to  
X ' ,  w here X '  i s  f ix e d  b y  th e  in te r se c t io n  o f  a  fin e  a t  r ig h t-a n g le s  to  L M  
through X ,  a n d  a  fin e  a t  r ig h t- a n g le s  to  Y Z  th r o u g h  X ' E .

The r o ta t io n  d e sc r ib e d  in  th e  p r e v io u s  p a r a g r a p h  h a s  sw u n g  th e  e a r th ’s  
m agn etic  f ie ld  in to  th e  p la n  d ire c t io n  O X '. I f  th e  v e r t ic a l  co re  i s  tu rn e d  
ab o u t i t s  a x i s  u n t il  i t s  m a g n e t iz a t io n  h a s  th e  p la n  d ire c t io n  O X ', i t  w ill 
be c o rre c tly  r e la te d  t o  th e  b e d s  f ro m  w h ich  i t  w a s  c u t ,  a n d  la t e r  r o ta t io n  
th rou gh  a n  a n g le  p a b o u t  th e  a x i s  L M  w ill r e s to re  i t  t o  i t s  o r ig in a l 
o r ien tatio n  in  sp a c e .

F ro m  O X '  m e a su r e  a n  a n g le  0 in  a  c lo ck w ise  d ire c t io n  a n d  d r a w  O R ,
1 0 0 '

which is  —  cm . lo n g , to  sh o w  th e  a p p a r e n t  d ip  a n d  d ip  d ire c t io n  o f  th e
t;£lll CC

core b e d d in g  w h en  th e  c o re ’s  m a g n e tic  lin e s  o f  fo rc e  h a v e  b e e n  m a d e  p a r a lle l  
to  th e  m a g n e t iz a t io n  o f  th e  b e d s  fro m  w h ich  th e  co re  w a s  c u t . O n  th e  
e lev atio n  R E i s  th e  p o in t  c o rre sp o n d in g  w ith  R  o n  th e  p la n . T ilt in g  th e  
core th ro u g h  a n  a n g le  p a b o u t  th e  a x i s  L M ,  in  o r d e r  to  g iv e  i t  i t s  co rre c t  
p ositio n , c a u s e s  R E t o  m o v e  t o  R 'E  b y  r o ta t io n  th r o u g h  a n  a n g le  p a b o u t  
0 E. Oe R e  =  Oe R ' e  a n d  l  R 'e Oe R e  =  p. O n  th e  p la n  th e  p o s it io n  
o f  R  a f t e r  th e  r o ta t io n  is  R ' , w h ich  is  lo c a te d  fro m  R  a n d  R 'E ju s t  a s  
X '  w as lo c a te d  fro m  X  a n d  X ' E . T h e  d e p th  o f  R '  b e lo w  0  i s  h R 'E , w here  
h R 'E i s  m e a s u r e d  a t  r ig h t  a n g le s  to  a  h o r iz o n ta l  fin e  th r o u g h  0 E o n  th e  
e levatio n .

T h e  tw o  p o in t s  0  a n d  R '  a r e  n o t  su ffic ie n t t o  d e te rm in e  th e  t ru e  d ip  a n d  
d ip  d ire c t io n  o f  th e  b e d s ,  a n d  so  a  t h ir d  p o in t  m u s t  b e  u se d . S in c e  O R  i s  
d raw n  a s  a n  a p p a r e n t  d ip  d ire c t io n , a  lin e  R A  a t  r ig h t  a n g le s  to  O R  g iv e s  
the p la n  p o s it io n s  o f  a  s e r ie s  o f  p o in t s  w h ich  a r e  1 0 0  cm . b e lo w  0  a n d  in  th e  
p lan e  o f  a p p a r e n t  d ip  o f  th e  c o re  b e d d in g  w h en  th e  c o re  is  v e r t ic a l .  A n y  
p o in t o n  th e  fin e  R A  i s  s u ita b le  p r o v id e d  t h a t  i t  is  n o t  to o  n e a r  to  R .  
A lte rn a t iv e ly , a  p o in t  o n  a  lin e  p a r a lle l  t o  R A  th r o u g h  0  m a y  b e  se le c te d . 
In  th is  c a se  th e  p o in t  w ill b e  a t  th e  s a m e  le v e l  a s  O, s in c e  i t  w ill b e  o n  a  
h o rizo n ta l fin e  in  th e  p la n e  o f  a p p a r e n t  d ip  o f  th e  b e d s . I n  th e  p r e se n t  
e x a m p le  T ,  th e  p o in t  o n  th e  p la n  in te r se c t io n  o f  R A  a n d  L M ,  h a s  b e e n
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ch o sen , a n d  th is  is  re p re se n te d  o n  th e  e le v a t io n  b y  T E, 1 0 0  cm . (to  scale) 
below  0 E . O n  ro ta t io n  th ro u g h  a n  a n g le  (3 a b o u t  th e  a x is  L M  {i.e .,  a b o u t  
0 E), T e  m o v e s  to  T 'E , a n d  th e  n ew  p la n  p o s it io n  o f  T  i s  T ' , lo c a te d  in  the 
sa m e  w a y  a s  X '  a n d  R ' . 0 ' ET 'E =  0 ET E  a n d  l T e Oe T 'e  =  $. The

2 7 8  H O B S O N  : G R A P H IC A L  a n d  m e c h a n i c a l  d e t e r m i n a t i o n  o f

F ig . 2.
S U G G E S T E D  FO R M  O F D E V IA T IO N  C O R R E C T O R  F O R  U S E  WITH MAGNETICALLY 

O R IE N T A T E D  C O R E S .

T  =  ax is o f t i l t ; R  =  sleeve allowing ro tation ; S  =  sleeve allowing slid in g ; R . S  =  
sleeve allowing rotation and sliding.

The concentric circles within the graduated circle have been om itted in this sketch,



d e p th  o f  T '  b e lo w  0  is  k T 'E , w h ere  k T ' E  i s  m e a s u r e d  a t  r ig h t  a n g le s  t o  a  
h o rizo n ta l lin e  th ro u g h  0 E .

F r o m  th e  d e p th s  a n d  p la n  p o s it io n s  o f  R ',  T ' , a n d  0 ,  th e  t ru e  d ip  a n d  
d ip  d ire c t io n  o f  th e  b e d s  m a y  n o w  b e  d e te rm in e d . B y  s im p le  p r o p o r t io n  
a  p o in t  B  i s  s e le c te d  o n  O T '  o r  O T ' p r o d u c e d , su c h  t h a t  i t  i s  100  cm . b e lo w  0

(O B  =  O T ’ . ^ T , e ). S im ila r ly ,  a  p o in t  C  i s  s e le c te d  o n  O R ' o r  O R ' p ro -
K l &

du ced , su c h  t h a t  i t  a lso  is  100  cm . b e lo w  0  (O C  =  O R ' . T h e
h R  e

s tr a ig h t  lin e  jo in in g  B  t o  C  i s  th e  t r u e  s t r ik e  o f  th e  b e d s . A  p e r p e n d ic u la r  
OD, fro m  0  o n  t o  C B  o r  C B  p r o d u c e d , is  th e re fo re  th e  t ru e  d ip  d ire c t io n ,

an d  th e  le n g th  o f  O D  i s   -----  cm . t o  sc a le , e b e in g  th e  t r u e  a n g le  o f  d ip  o f

the b e d s . T h e  v a lu e  o f  e m a y  b e  fo u n d  g r a p h ic a l ly  o r c o m p u te d  fro m  th e  
length  o f  O D .

L y n to n ’s  d e v ia t io n  c o rre c to r  c a n  b e  m o d ifie d  so  t h a t  i t  w ill g iv e  th e  t ru e  
dip a n d  d ip  d ire c t io n  o f  th e  b e d s  in  m a g n e t ic a l ly  o r ie n ta te d  co re s . F ig .  2 
shows th e  e s s e n t ia l  f e a tu r e s  o f  th e  m o d if ic a t io n . A  v e r t ic a l  ro d  is  p iv o te d  
on a h o r iz o n ta l a x i s  w h ich  is  c o n s id e re d  t o  b e  th e  s tr ik e  d ire c t io n  o f  a  p la n e  
norm al t o  th e  a x is  o f  th e  w ell. O n  th e  to p  e n d  o f  th e  ro d  is  m o u n te d  a  b o a r d  
which c a n  b e  t i l t e d  o r  r o t a te d  r e la t iv e  t o  th e  ro d . T h e  p la n e  o f  th e  b o a r d  
is u sed  t o  d e fin e  th e  b e d d in g  p la n e s  o f  th e  fo rm a tio n s . T h e re  i s  a  s lid e r  
on th e  r o d  b e lo w  th e  a x i s  o f  t i l t  o f  th e  ro d . T h e  s l id e r  c a r r ie s  a  sh o r t  a rm  
which c a n  b e  r o t a t e d  a b o u t  i t s  ow n  a x is  a n d  h a s  a  p iv o te d  a r m  o n  i t s  
end. T h is  a r m  c a n  b e  s e t  t o  sh o w  th e  a n g le  o f  d ip  o f  th e  e a r th ’s  m a g n e tic  
field. C e n tre d  b e lo w  th e  r o d  w h en  th e  r o d  i s  v e r t ic a l  is  a  g r a d u a t e d  d isc  
which m a y  b e  r o t a t e d  a b o u t  i t s  c e n tre . I n  a d d it io n  to  b e in g  g r a d u a t e d  
c ircu lar ly  in  d e g r e e s , th e  d isc  h a s  a  se r ie s  o f  co n c e n tric  c irc le s  o f  su c h  r a d ii  
th a t  w h en  th e  p o in te d  e x te n s ib le  t ip  o f  th e  ro d  is  s e t  on  o n e  o f  th e m , th e  
ta n g e n t  o f  th e  a n g le  o f  d e v ia t io n  o f  th e  ro d  fro m  th e  v e r t ic a l  i s  g iv e n  b y  
d iv id in g  th e  r a d iu s  o f  th e  c irc le  b y  th e  h e ig h t  o f  th e  a x is  o f  t i l t  o f  th e  ro d  
ab o v e  th e  c e n tre  o f  th e  c irc le . T h e  a n g le  o f  d e v ia t io n  is  m a r k e d  o n  th e  
circles. T h e  d ire c t io n  o f  d e v ia t io n  o f  th e  w ell is  sh o w n  b y  a  p o in te r  on  
th e  b a se  b o a r d  o f  th e  a p p a r a t u s .  A  se r ie s  o f  s h o r t  g u id e - lin e s  p a r a lle l  to  
th e  n o r th - s o u th  d ire c t io n  o n  th e  g r a d u a t e d  c irc le  a r e  m a r k e d  on  th e  e d g e  
o f  th e  d isc .

A n  a d d it io n a l  p ie c e  o f  a p p a r a t u s  is  re q u ire d  w h ich  t a k e s  th e  fo rm  o f  a  
p r o tr a c to r  sc re w ed  f la t  o n  t o  a  v e r t ic a l  b o a r d . T h is  b o a r d , w ith  i t s  p la n e  
a d ju s t e d  t o  a  n o r th - s o u th  d ire c t io n  b y  m e a n s  o f  th e  n o r th - s o u th  g u id e 
lin es, m a y  b e  s e t  c lo se  t o  th e  p iv o te d  a r m . T h e  in c lin a tio n  o f  th e  a r m  c an  
th en  b e  m a d e  e q u a l  to  th e  a n g le  o f  d ip  o f  th e  e a r th ’s  m a g n e tic  fie ld . T h e  
h o ard  a ls o  f a c i l i t a t e s  th e  d e te r m in a t io n  o f  th e  d ire c t io n  o f  d ip  o f  th e  a r m  in 
th e  la t e r  s t a g e s  o f  th e  p r o c e ss  o f  fin d in g  th e  t ru e  d ip  o f  th e  b e d s .

A ll th e  jo in t s  on  th is  d e v ia t io n  c o rre c to r  m u s t  b e  fa i r ly  s t if f ,  w h eth er 
th e y  a llo w  s l id in g  o r  ro ta t io n , a n d  se t- sc re w s m a y  b e  re q u ire d  to  m a in ta in  
th e m  in  th e  p o s it io n s  in  w h ic h *th e y  a r e  se t .

B r ie f ly , th e  m e th o d  o f  u s in g  th e  d e v ia t io n  c o rre c to r  w ill b e  a s  fo llo w s :—
(1) R o t a t e  th e  g r a d u a t e d  c irc le  u n t il  th e  a n g le  g iv in g  th e  d ire c tio n  

(m a g n e tic )  o f  d e v ia t io n  o f  th e  w ell is  o p p o s ite  th e  p o in ter .
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(2) In clin e  th e  ro d  to  a g re e  w ith  th e  a n g le  o f  d e v ia t io n  o f  th e  w ell b y  
se tt in g  i t s  p o in t on  th e  a p p r o p r ia te  c irc le .

(3) S e t  th e  arm  in  a  v e r t ic a l  n o r th - s o u th  p la n e  (m a g n e tic )  a t  th e  an g le  o f  
d ip  o f  th e  e a r th ’s m a g n e tic  fie ld  b y  m e a n s  o f  th e  p r o tr a c to r  f ix e d  on  the 
v e rtic a l b o ard .

(4) M ove th e  ro d  in to  a  v e r t ic a l  p o s it io n  a n d  n o te  th e  d ire c t io n  o f  the 
v e rtic a l p la n e  in  w hich  lie s  th e  a r m  s e t  t o  sh o w  th e  d ip  o f  th e  e a r th ’s 
m agn etic  fie ld . C o u n tin g  th is  d ire c t io n  a s  n o r th - so u th  (m a g n e tic ) , a d ju st  
th e  b o ard  a t  th e  to p  o f  th e  ro d  u n t il  i t  a g r e e s  w ith  th e  a p p a r e n t  d ip  an d  dip 
d irection  o f  th e  b e d d in g  in  th e  m a g n e t ic a l ly  o r ie n ta te d  co re . A  com pass 
an d  c lin om eter m a y  b e  u s e d  fo r  t h is  a d ju s tm e n t .

(5) In c lin e  th e  ro d  on ce  m o re  u n til  i t  sh o w s th e  s a m e  a n g u la r  d ev ia tio n  
from  th e  v e r t ic a l  a s  th e  w ell.

(6) M easu re  th e  a n g le  o f  d ip  o f  th e  b o a r d  a n d  i t s  d ip  d ire c tio n  re la tiv e  
to  th e  n o rth  p o in t  on  th e  g r a d u a t e d  c irc le . T h e  a n g le s  o b ta in e d  are  the 
tru e  d ip  an d  d ip  d ire c tio n  (m a g n e tic )  o f  th e  b e d s .
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2 8 1

THE PARLIAMENTARY AND SCIENTIFIC 
COMMITTEE.

T h e  P a r l ia m e n ta r y  a n d  S c ie n tif ic  C o m m itte e , o f  w h ich  th e  In s t i tu te  
o f  P e tro le u m  i s  a  c o n s t itu e n t  o r g a n iz a t io n , h a s  b e e n  d e e p ly  con cern ed  
d u rin g  re c e n t  m o n th s  w ith  th e  im p o r ta n t  p ro b le m  o f  th e  m o re  e ffe c tiv e  
u se  o f  s c ie n t is t s  a n d  t e c h n o lo g is t s  in  th e  w a r  e ffo r t. A fte r  le n g th y  a n d  
th o ro u g h  d isc u s s io n  o f  th e  p r o b le m , th e  C o m m itte e  d e c id e d  t h a t  th e  
su p rem e  d e s id e r a tu m  w a s  th e  e a r ly  e s ta b l ish m e n t  o f  a  f u l l - t i m e  C e n tra l 
S c ien tific  a n d  T e c h n ic a l B o a r d  to  c o -o rd in a te  sc ie n tif ic  a n d  te c h n ic a l 
re search  a n d  d e v e lo p m e n ts  in  re la t io n  to  th e  w a r  e ffo r t . A s  a  f ir s t  s te p , 
a  d is t in g u ish e d  a n d  in flu e n t ia l d e p u ta t io n  w a ite d  o n  M r. R .  A . B u t le r ,  M .P .,  
to  u rg e  th e  a c c e p ta n c e  o f  th e  p r o p o s a l  b y  th e  G o v e rn m e n t. T h e  n e x t  
step  w as th e  t a b l in g  o f  th e  fo llo w in g  m o tio n  o n  th e  O rd e r  P a p e r s  o f  th e  
H ouse o f  C o m m o n s :—

“  T h a t  th is  H o u se  i s  o f  th e  o p in io n  t h a t  'p r e se n t  c irc u m sta n c e s  
re q u ire  th e  e a r ly  e s ta b l is h m e n t  o f  a  w h ole  t im e  C e n tra l S c ie n tific  
a n d  T e c h n ic a l  B o a r d  t o  c o -o rd in a te  re se a r c h  a n d  d e v e lo p m e n ts  in  
r e la t io n  t o  th e  w a r  e ffo r t  a n d  t o  e n su re  t h a t  th e  e x p e r ie n c e , k n o w le d g e  
a n d  c r e a t iv e  g e n iu s  o f  B r i t i s h  T e c h n ic ia n s  a n d  S c ie n t is t s  e x e r t  a  m o re  
e ffe c tiv e  in flu e n c e  o v e r  th e  c o n d u c t  o f  a  h ig h ly  m e c h a n ise d  w a r .”

T h e  m o t io n  w a s  s u p p o r te d  b y  126  m e m b e rs  o f  th e  H o u se  o f  C o m m o n s, 
b u t b e fo re  i t  c o u ld  b e  d e b a t e d  in  th e  H o u se , th e  G o v e rn m e n t a p p o in te d  
th ree  fu ll- t im e  sc ie n t if ic  a d v ise r s  a n d  i s su e d  th e  fo llo w in g  e x p la n a to r y  
s ta te m e n t  :—

“  T h e  f ie ld  o f  a c t iv i ty  o f  th e se  a d v ise r s  w ill b e  c o -e x te n s iv e  w ith  th e  
r e sp o n s ib i li ty  o f  th e  M in is te r  o f  P r o d u c t io n . T h e y  w ill k e e p  in  c lo se  
to u c h  w ith  th e  sc ie n t if ic  a d v ise r s  o f  th e  S e rv ic e  a n d  S u p p ly  D e p a r t 
m e n ts , a n d  w ill b e  a v a i la b le  t o  a s s i s t  th e  d e p a r tm e n ta l  o rg a n iz a tio n s  
o f  sc ie n t if ic  r e se a r c h  a n d  te c h n ic a l  d e v e lo p m e n t . T h e y  w ill n o t  
su p e r se d e  th e  d e p a r tm e n ta l  o r g a n iz a t io n s , w h ich  w ill, fo r  in sta n c e , 
c o n tin u e  t o  b e  re sp o n s ib ile  fo r  th e  e x a m in a tio n  o f  n ew  in v e n tio n s  a n d  
te c h n ic a l  s u g g e s t io n s  in  th e ir  ow n  fie ld s .

“  T h e y  w ill b e  re sp o n s ib le  t o  th e  M in is te r  o f  P ro d u c t io n , b u t  w ill 
w o rk  u n d e r  th e  im m e d ia te  su p e r v is io n  o f  th e  L o r d  P r iv y  S e a l ,  a c t in g  
on  h is  b e h a lf .

“  T h e se  a p p o in tm e n t s  h a v e  b e e n  m a d e  w ith  a  v ie w  to  c o m p le t in g  
th e  e x i s t in g  o r g a n iz a t io n  fo r  sc ie n tif ic  re se a rc h  a n d  d e v e lo p m e n t  w hich  
h a s  b e e n  c a r e fu lly  b u i l t  u p  o v e r  a  n u m b e r  o f  y e a r s  a n d  o p e r a te d  w ith  
o u t s ta n d in g  e ffic ien cy .

“  T h e  G o v e rn m e n t  h a v e  re v ie w e d  th e  w h ole  p o s it io n  in  th e  lig h t  
o f  re c e n t  r e p re se n ta t io n s ,  a n d  h a v e  d e c id e d  t h a t  th e  c re a tio n  o f  th e  
p o s t  o f  M in is te r  o f  P r o d u c t io n  a f fo rd s  th e  o p p o r tu n ity  fo r  th is  fu r th e r  
m e a su r e  o f  c o -o rd in a tio n  w h ich  th e  G o v e rn m e n t b e lie v e  w ill b e  to  
th e  n a t io n a l  a d v a n t a g e .”
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B y  m a k in g  th e se  a p p o in tm e n ts , th e  G o v e rn m e n t c o n c e d e d  p a r t  o f  th e  
re q u e st  fo r  a  fu ll- tim e  S c ie n tific  a n d  T e c h n ic a l  B o a r d ,  b u t  th e  fa ilu re  to  
c re a te  su ch  a  B o a r d  a n d  th e  c o n se q u e n t  a t t e m p t  to  fit  th e  a p p o in tm e n ts  
in to  th e  e x is t in g  a d m in is t r a t iv e  m a ch in e , r e su lte d  in  a n  arra n g e m e n t 
t h a t  w as so m e w h a t c o n fu sin g  a n d  b a ff lin g  a n d  o p e n  to  c r it ic ism  su c h  a s  th a t  
ex e m p lifie d  b y  th e  fo llo w in g  e x t r a c t  fro m  a  le a d in g  a r t ic le  in  T h e T im es  
on  th e  su b je c t .

“  T h e  q u a lific a t io n s  o f  th e  s c ie n t is t s  s e le c te d  a re  b e y o n d  question . 
W h at  re m a in s  to  b e  p ro v e d  in  p r a c t ic e  is  th e  u se  w hich  c an  b e  m ade 
o f  th e ir  se rv ic e s  in  th e  c o n d u c t  o f  w a r  u n d e r  th e  a r ra n g e m e n t now 
an n o u n ced .

“  O n  th is  p o in t  th e  p o r te n t s  a r e  n o t  w h o lly  re a s su r in g . W h at had 
b e en  w id e ly  u rg e d  u p o n  th e  G o v e rn m e n t w a s  th e  a sso c ia t io n  o f  an 
a u th o r ita t iv e  g ro u p  o f  sc ie n t is t s  n o t  so  m u c h  w ith  th e  M in istry  o f  
P ro d u c tio n — it  m u s t  b e  p re su m e d  t h a t  M r. L y t te l t o n  h a s  from  the 
f ir st  e n jo y e d  th e  a s s is ta n c e  o f  sc ie n tif ic  a d v ise r s — a s  w ith  those 
re sp o n sib le  fo r th e  c e n tra l d ire c t io n  o f  th e  w ar . I t  is  therefore  som e
w h a t b a fflin g  to  fin d  th a t ,  th o u g h  th e  th re e  s c ie n t is t s  now  ap po in ted  
w ill w o rk  “  u n d e r  th e  im m e d ia te  su p e rv is io n  o f  th e  L o rd  P r iv y  S e a l ” , 
S ir  S ta f fo rd  C rip p s  w ill b e  a c t in g  in  th is  c a p a c i ty  n o t  on b e h a lf  o f  the 
P r im e  M in iste r  o r o f  th e  W a r C a b in e t  a s  a  w h o le , b u t  on b e h a lf o f  the 
M in iste r  o f  P ro d u c tio n . T h is  a r r a n g e m e n t  w o u ld , i f  p re ssed  to  its  
lo g ic a l con clu sio n , a p p e a r  to  p la c e  a  se r io u s  lim ita tio n  on the scope 
o f  th e  fu n c tio n s  w hich  th e y  a r e  c a lle d  o n  t o  fu lf i l .”

T h e  P a r lia m e n ta r y  a n d  S c ie n tific  C o m m itte e , a f t e r  th o ro u gh  discussion 
o f  th e  a p p o in tm e n ts , p a s se d  th e  fo llo w in g  re so lu t io n  w hich  w as published 
in  th e  P re ss .

“  T h is  c o m m itte e , w hile w elco m in g  th e  a p p o in tm e n t  o f  three fu ll
t im e  sc ien tific  a d v ise r s  to  th e  s t a f f  o f  th e  M in is try  o f  P ro d u ctio n  in so 
f a r  a s  i t  e s ta b lish e s  th e  n u c le u s  o f  a  c e n tr a l  sc ie n tific  a n d  tech n ical 
b o a rd , re g re ts  th a t  th e ir  fie ld  o f  a c t iv i ty  i s  a p p a r e n t ly  to  b e  lim ited  
t o  th e  sp h ere  o f  p ro d u c tio n  a n d  d o e s  n o t  in c lu d e  th e  sc ien tific  an d  
te c h n ic a l a c t iv it ie s  o f  th e  se rv ic e  D e p a r tm e n ts  o r th e  o th e r  M in istries 
o u ts id e  th e  s t r ic t  fie ld  o f  p ro d u c t io n . A n  e x te n s io n  o f  i t s  fu n ction s 
is  n e e d e d  to  en su re  t h a t  a l l  sc ie n tific  c o n s id e ra t io n s  a re  co -ord in ated  
a n d  g iv e n  fu ll  w eig h t o v e r  th e  w h o le  fie ld  o f  th e  n a t io n a l e ffo rt. The 
c o m m itte e  co n sid e rs , th e re fo re , t h a t  in  o rd e r  to  c o v e r  th is  w id er field, 
sc ien tific  a d v ise r s  sh o u ld  h a v e  d ire c t  a c c e s s  t o  th e  W a r C ab in e t an d  
t h a t  ac c o rd in g ly  th e  L o r d  P r iv y  S e a l  sh o u ld  e x e rc ise  h is  su p e rv iso ry  
fu n c tio n s  o v e r  th e  n ew  b o d y  d ire c t ly  o n  b e h a l f  o f  th e  W a r  C a b in e t.”

D is sa t is fa c t io n  w ith  th e  a p p o in tm e n ts  w a s  a lso  e x p r e ss e d  b y  th e  ta b lin g  
o f  a  n u m b e r o f  q u e st io n s  o n  th e  O rd e r  P a p e r s  o f  th e  H o u se  o f  C om m o n s, 
to  w hich  th e  M in iste r  o f  P ro d u c t io n  re p lie d  in  a  s ta te m e n t  w hich  co n ta in ed  
th e  fo llo w in g  sen ten ce .

“  T h e ir  a d v ic e  a n d  re c o m m e n d a tio n s  w ill n o rm a lly  b e  p re se n te d  
to  m e th ro u g h  th e  L o r d  P r iv y  S e a l ; i t  w ill, o f  co u rse , b e  fo r  m e to
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b rin g  th e ir  a d v ic e  a n d  re c o m m e n d a tio n s  t o  th e  n o t ic e  o f  th e  W a r  
C a b in e t  a s  m a y  b e  n e c e s s a r y .”

T h is  se n te n c e  w o u ld  a p p e a r  to  b e  s ig n ific a n t  a n d  im p o r ta n t  a s  i t  is  th e  
f ir st  m e n tio n  o f  th e  p r o v is io n  o f  a  d e fin ite  l in k  b e tw e e n  th e  sc ie n tif ic  
ad v ise r s  a n d  th e  W a r  C a b in e t.

On th e  b a s i s  o f  th e  a s s u m p tio n  t h a t  th e  a p p o in tm e n t  o f  a  C e n tr a l  S c ie n tif ic  
a n d  T ech n ica l B o a r d  is  n o t  a  fe a s ib le  p r o p o s it io n  a t  th e  p r e se n t  t ip ie , th e  
arran gem en t t h a t  h a s  b e e n  m a d e  i s  p r o b a b ly  th e  b e s t  a l t e r n a t iv e  a n d  
p ossesses m a n y  a d v a n t a g e s .  T h e  th re e  sc ie n tific  a d v ise r s  w ill w o rk  u n d e r  
the su p erv isio n  o f  a  m e m b e r  o f  th e  W a r  C a b in e t  w h o  to o k  a  sc ie n tific  
course a t  U n iv e r s ity  C o llege , L o n d o n , w a s  a n  a s s i s t a n t  su p e r in te n d e n t  a t  a n  
ordn an ce f a c to r y  d u r in g  th e  1 9 1 4 -1 9 1 8  w ar , a n d  in  h is  le g a l  p r a c t ic e  f r e 
qu en tly  d e m o n s t ra te d  h is  r a p id  g r a s p  o f  sc ie n tific  f a c t s  a n d  p r in c ip le s . 
In d eed , th e re  c o u ld  h a v e  b e e n  n o  b e t t e r  ch o ice  fo r  th is  su p e r v iso ry  p o s t .  
M oreover, th e  sc ie n tif ic  a d v ise r s  w ill b e  r e sp o n s ib le  to  th e  m e m b e r  o f  th e  
W ar C ab in e t w h o  is  in  c lo se  to u c h  w ith  th e  g r e a te s t  n u m b e r  o f  M in is tr ie s , 
an d  w ho w ill b r in g  sc ie n tific  a d v ic e  a n d  re c o m m e n d a tio n s  t o  th e  n o t ic e  
o f  a ll w ho a re  re sp o n s ib le  fo r  th e  c e n tr a l  d ire c t io n  o f  th e  w ar . I t  m a y  a lso  
be fou n d  in  p r a c t ic e  t h a t  th e  sc o p e  o f  th e  fu n c tio n s  o f  th e  sc ie n tif ic  a d v ise r s  
is n o t so  c irc u m sc rib e d  a s  w o u ld  a p p e a r  fro m  th e  fo rm a l a n n o u n c e m e n t b y  
G overn m en t, fo r  a s  T h e  T im e s  s t a t e s  : “  T h e  a p p o in tm e n ts  w o u ld  b e  
m ean in gless i f  th e  n ew  a d v ise r s  w ere  n o t  in te n d e d  t o  su r v e y  th e  w h ole  
conduct o f  th e  w a r  f ro m  th e  s ta n d p o in t  o f  sc ie n c e  a n d , fre e  f ro m  d ire c t  
d e p a rtm e n ta l re sp o n s ib ility ,  t e n d e r  th e ir  g e n e ra l  a d v ic e  o n  sc ie n tific  
prob lem s a n d  sc ie n t if ic  o p p o r tu n it ie s  in  w h a te v e r  fie ld  t h a t  m a y  a r i s e .”  
These c o n s id e ra t io n s  p r o v id e  a m p le  g ro u n d  fo r  th e  h o p e  t h a t  th e  a r r a n g e 
m en t w ill p r o v e  t o  b e  so  f r u it fu l  a s  r a p id ly  t o  d isp e l  e x is t in g  m isg iv in g s  
re g ard in g  th e  e s ta b l ish m e n t  o f  a  fu ll- t im e  C e n tra l S c ie n tific  a n d  T e c h n ic a l 
B o a rd . I n  a n y  c a se , th e  th re e  fu ll- t im e  sc ie n tif ic  a d v ise r s  m a y  c o n fid e n tly  
be e x p e c te d  t o  r e n d e r  m o s t  v a lu a b le  se rv ic e  in  th e  w a r  e ffo r t, a n d  th e ir  
a p p o in tm e n t  i s  a  m a r k e d  a d v a n c e  o n  th e  p r e v io u s  p o s it io n  a n d  is  a  n o ta b le  
a c h ie v e m e n t o f  th e  P a r l ia m e n ta r y  a n d  S c ie n tific  C o m m itte e .

T . D e w h ttrst.
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Geology and Development.
965. Resume of Oil-field Operations in 1939. R . D. Bush. California Oil-fields, 25,
Ju ly  1939 June 1940.—Total production of oil in the S tate  of California for the
year 1939 was 224,253,193 brl., as compared with a  total of 249,398,399 brl. in 1938. 
Production for the second half of 1939 w as 1,023,627 brl. more than  for the first half.

According to statistics compiled by the American Petroleum  Institute, total crude 
and refined petroleum in storage in Pacific Coast territory a t  the end of 1939 was 
151,935,248 brl. Decrease in storage during the year w as thus 5,749,041 brl., com
pared with an increase of 30,864,789 brl. during 1938. The total am ount of crude 
and refined oil shipped to Atlantic Coast ports w as 3,162,000 brl. more in 1939 than 
in 1938.

Two new fields, Strand and Palom a, were discovered during the year under review, 
and in addition new productive areas were developed in a  number of fields, including 
West Montebello, Dominguez, Rosecrans, W ilmington, Torrance in L os Angeles 
County, and Trico Gas, Greeley, Coles Levee, Mountain View in K ern County.

Appended to the report are tables giving production by  districts, and also statistics 
for each field regarding the average number of producing wells, number of barrels of 
oil recovered from each well, and am ount of w ater produced. Sim ilar tables are 
available for gas statistics during the year 1939. H. B. M.

966. West Montebello Oil-field and Application of the State Gas Law. H .P . Stolz. Cali
fornia Oil-fields, 25, Ju ly  1939-June 1940.—W est Montebello Oil-field lies to the north 
of the town of Montebello, and about 12 ml. east of L os Angeles, California. It  is 
approximately 1 | ml. long and 1 \  ml. wide. This report is the result of a study 
made by the author, who was consultant to some of the independent oil companies 
engaged in exploitation of the field.

Since the discovery in 1936 of W est Montebello Field  in the Second Zone of the 
“  old ”  field (discovered in 1917) development has been progressive. A s wells were 
deepened, new prolific oil and gas zones were discovered, and moreover, deeper 
productive sands not yet penetrated can be expected.

By January 1940, 160 wells were producing in the field and the total potential 
production was estimated at 83,700 brl. of oil per day. T otal gas production at this 
time was over 97,000,000 cu. ft. per day, or an average gas ratio of over 4000 cu. ft. 
of gas per barrel of oil.

In January 1941, 189 wells were in production and the average daily yield of oil 
was 10,067 brl. Gas production am ounted to an  average of 57,834 mcf. per day, or 
an average gas-oil ratio of about 5700 cu. ft. per brl.

Total cumulative production to 1st October, 1941, am ounted to 14,588,552 brl. of 
oil and 84,330,566 mcf. of gas. I t  is estim ated th at 21,647,500 m cf. of gas had been 
blown into the air up to that time.

Voluntary curtailment of production not having proved effective, the Attorney 
General s Office, on behalf of the Director of N atural Resources, brought an action 
in the Superior Court of Los Angeles County in M ay 1939. This resulted in the 
issue of a preliminary injunction in an attem pt to restrain overproduction and waste 
of gas. The order was modified on several later occasions, but on the whole results 
obtained by the injunction suit were beneficial.

Conservation of gas energy led to a  longer flowing life of individual wells, while 
sa\ ings in production costs increased the ultim ate revenue. Operators in West

ontebello Oil-field gradually learned the benefits to be derived by the conservation 
of gas energy. j j  g  M.

i nfi'n ,Canadian 0utput 0utside Turner Valley Insignificant. Anon. Oil Wkly, 10.8.42, 
f l v, 0 n *y dve fi0lds in Western Canada, all located in Alberta, are producing 
air y su stantial amounts of crude apart from Turner Valley. Vermilion gave 5415



¡Ik
‘»I brl. of oil from ten sm all wells in May. The one well in the new Tilley field yielded 

674 brl. during May, and the Plains 2 well a t  Taber produced 1032 brl. The five 
wells at Wainwright yielded 841 brl., and the seven wells a t  R ed Coulee 872 brl. A 
little oil was obtained from  the Term inal well a t  Del Bonita, and from wells a t Dina, 
while occasionally the Princess field of British  Columbia has been on production.

In May Turner Valley gave 866,675 brl. of oil, and the total for all the other fields 
was 10,057 brl. G. D. H .

968.* Two Good Wells at North Turner Valley. Anon. Oil Wkly, 10.8.42, 106 (10),
44 .—Major 7 a t N orth Turner Valley gave 2306 brl. of oil in 24 hr., and Foothills 10 
1106 brl. in the sam e tim e. The form er well is 3 ml. south-east of Atlas-British  
Dominion 2, the m ost northerly producer a t  Turner Valley. Foothills 10 is 8 ml.
south-east of Atlas. G. D. H .
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969.* Well Completion Rate Unchanged for Three Months. Anon. Oil Wkly, 10.8.42, 
106 (10), 34.—During the p a st three m onths the number of well completions has 
varied only slightly from  56 per day. I f  this rate continues there will be about 
21,000 completions this year.

1585 wells were completed during the four-week period ending 25th Ju ly , prac
tically the same as the averages for M ay and Ju n e. 12,707 wells were completed 
during the first seven months of this year, a  decrease of 26%  compared with the sam e 
period of 1941. Increases occurred in Pennsylvania, West Virginia, New York, and 
New Mexico, but practically all other districts suffered declines, the worst being a  
decline of 46%.

Tables give data about the drilling operations in the different states and districts, 
and details about the types of completions for Ju ly  1942, the first seven months of 
1942, June 1942, and Ju ly  1941. G. D. H .

f.Sn
’m i 970.* Recent Discoveries Increase Drilling in Jackson County. F . L . Singleton.

Oil O asJ., 20.8.42, 41 (15), 80.— An extensive wildcatting and development programme 
i t i i l  is under way in Jack son  County on the Texas Gulf Coast, with the main activity 

about 4 ml. south-east and south-west of Ganado. Fou r new fields have been opened 
this year. The county now has fifteen producing fields, nine of them  opened since 

zih 1939. This year’s discoveries are Mayo, H arm on, W est Mauritz, and Stewart, and
Jib they lie on aTegional high extending east from  Stew art to Mauritz. The oil aecumu-

obh lation is believed to be due to the wedging out of sands against this high. Mayo
and Harmon m ay eventually be joined, although it is not certain th a t they are 

u s  producing from the sam e reservoir.
The Mayo discovery well w as brought in a t 5408ft. in th eF rio , and gave 115brl./day 

Biiw initially. Dry gas has been found below the producing sand, and there m ay be a
gas-cap flanking the north edge of the structure. Three sands are productive in the 

¿ it  Harmon field a t 5375-5380 ft., 5385-5400 ft. and 5321-5329 ft. Production a t West
(¿.per Mauritz is from 5447 to 5488 ft.

At Stewart production is from  4985 to 5000 ft., and the discovery well gave 700 
M i  brl./day initially. This field apparently h as a  gas-cap. The Ganado field is less
• ¡¿i than 2 ml. due east of Stew art, but it is probable th at there is an intervening fault.

Ganado has an  oil sand a t  5000-5100 ft., and others which are produced between 
fcii 5500 and 6400 ft.

¿¡t I Twelve wildcats are planned in this region.
_ , A map is appended. G. D. H .
fciii1
,r . 971.* Typical Oil-Field Structures : Buried Sand Bar ; Burbank Field, Osage County,

Oklahoma.' Anon. Oil Gas J ., 20.8.42, 41 (15), 54.— A series of sands and shales 
r̂;\ (Cherokee series) w as deposited on the eroded Mississippi lime surface in a  basin

between the Ozark uplift on the east and the Central K an sas and N em aha uplifts on 
| .¡r, the west. The west side of the basin  was flat and shallow, and slight movements
’jj| | caused the shoreline to m ove backw ard and forward, with a gradual extension

westward. In  the east there are m any producing sands, two of which, the B artles
ville and Burbank, form  long, narrow lenses along definite trends. These lenses 

„ carry oil. The Teeter-Quincy trend and the Sallyards-Lam ont trend have given
important am ounts of oil.irr



4 1 4  a
A B S T R A C T S .

There is a regional dip of 30-40 ft./m l. with local undulations. Two undulations 
occur in the Burbank field, where the sand ranges from a  feather edge to over 100 ft. 
in thickness. The sand bodies consist of a number of sand-bars formed on the western 
shore of the Pennsylvanian sea. The Burbank sand is not uniformly porous. It  has 
a flat base and a convex top generally, and passes abruptly into shales. I t  is usually 
most porous where it is thickest. The contained oil is probably of local origin.

There are many fields associated with offshore or nearshore sand deposits.
Some claim that shoestring sands are reflected as minute detectable surface struc

tural features. I t  is possible that large, shallow sand deposits could be located 
geophysically. Once the sand-strings are found, the following of certain trends may 
lead to further discoveries. Exploratory drilling following on the realization that 
the lenses are likely to be present seems to be the best m ethod of locating them.

G. D. H.

972.* Smackover Lime Wedge-Edge Searched for Oil Deposits. R. Ingram . Oil Gas 
J . ,  27.8.42, 41 (16), 76.— The Smackover lime has been shown to underlie m ost of the 
Tyler basin, and to carry oil when under suitable structural and textural conditions. 
The formation does not outcrop, and it produces no oil in Texas. The Tyler-Wood- 
bine basin is bounded on the east by the Sabine uplift, on the west by the Bend Arch, 
and on the north by the Ouachitas. In  the south it widens and dips towards the 
Gulf of Mexico.

During the early development of the basin, the Woodbine w as the main objec
tive, with deep exploration to the Paluxy, Glen Rose, and R odessa. In  1936 large 
production was found in the Trinity group at Rodessa, and there were also Trinity 
discoveries at Talco, and a fault-line structure a t the north end of the basin.

The Tyler basin has a  neck which runs into south-west Arkansas, and there is also 
a sudden drop in the Palaeozoic basement on an east-w est line in H em pstead County. 
This condition seemed ideal for fault or shoreline oil trapping, and south of the break 
porous beds below the Trinity were found to pinch out before reaching the surface. 
This break is some miles north and west of the M exia-Balcones fault system. In 
this region the Snow Hill pool in the upper Sm ackover lime w as found in 1936, and 
the Schuler, Magnolia, Village, and Atlanta discoveries followed.

New conditions were found as exploration moved to the north edge of the neck of 
the basin where there is a  graben. The first wells north of the fault found low perme
ability, and hopes fell. Evidence of the pinching out of the Sm ackover was found, 
and so, in addition to the search for structural traps, there was a  search for true 
stratigraphic and possible shoreline traps.

In December 1941 the Midway Smackover pool was discovered north of the graben 
and on the north edge of that part of the basin. Midway is a  structural trap. The 
Midway discovery led to extensive leasing along a  200-ml. line from Falls County, 
Texas, through Hunt County, and east to Arkansas. Some of the wildcats drilled 
as a consequence have found the Smackover lime, and one showed it to have good 
porosity and salt water, pointing to the possibility of production in suitable traps 
higher up.

There are possibilities of oil in the Marine group below the Sm ackover, and some 
entertain hopes of conglomerate production if eroded granite surfaces occur fieyond 
the present limits of the Smackover and Eagle Mills. G. D. H.

973.* Summary of Operations, July. Anon. Oil G a s J . ,  27.8.42, 41 (16), 99.—During
the five-week period allotted to Ju ly  the number of completions w as considerably 
above that of the four-week period for June, but the weekly averages for the two 
periods were approximately 315 and 327 respectively. E xploratory  work has been 
going on fairly steadily, and seems likely to increase in the next few months due to 
intensified wildcatting in K ansas, E ast, West and Coastal T exas, and North Louisiana. 
The number of completions in Ju ly  1942 was 50%  below the figure for Ju ly  1941, 
ana the percentage of oil-wells was 53 as compared with 69% .

A table gives details of the completions by States and districts. G. D. H.

V* Th,ree, ,St^ r „</OU“ ty Dlscoveries Highlight Laredo District. F . L . Singleton.
1 '/,S . i t ’ ?  While there has been a  large decrease in field develop

ment in the Laredo district during the first seven months of this year, wildcatting
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was at the same level a s  during last year, and eight new fields have been opened, 
compared with two during the sam e period of last year. The development decline 
was due to various restrictions. Ninety-nine w ildcats were drilled out of a  total of 
296 wells.

In Starr County three new Frio-Vicksburg sand-fields were opened, and the 
potentialities of proved fields along the sam e trend were enlarged. A t North Sun oil 
was found at a depth of 5386-5389 ft. A  second well found another sand at 4907- 
4914 ft., also in the Frio-Vicksburg. A  third well has found a  third sand a t  4530- 
4533 ft. Although all the wells are considered to be on the sam e structure, there are 
dry wells between the producers.

The Frost field has a  producing well yielding oil from 4184—4187 ft. The Garcia 
field in the extreme south of the county has two producers a t  a  depth of about 
3760 ft. The Sun field is now practically  defined. I t  has eighty-two producers with 
a daily initial production of 1700 brl. The Rincon field now runs north-east—south
west for 5 ml.

In Hidalgo County two im portant gas-distillate reserves were added to the list of 
fields. These are Pentas and Donna near the Rio Grande river. Multiple sands 
have been logged in them, and there is the possibility of finding oil production down- 
dip. as has happened on other sim ilar structures.

South-west of the old Bruni field the M cLean field added a new deeper sand for the 
Jackson shoreline tend, and it is believed to be of upper Yegua age.

The W ashburn field h as six  W ilcox producers, and has now been defined in the 
west and south-west. In  the Green Branch area, McMullen Comity, a  gas-well has 
been completed in the W ilcox a t a  depth of 5720 ft.

The 1942 discoveries in the Laredo district are tabulated, and a map shows the 
sites of the fields. G. D. H .

975.* Typical Oil-Field Structures; Monocline; Cabin Creek Field, Kanawha County, 
West Virginia. Anon. Oil Gas J ., 3.9.42, 41 (17), 32-B.— During early Mississippian 
time the whole of the Appalachian basin, which lies between the Appalachians and 
the Cincinnati geanticline, was not far from sea level, and lenticular sands were laid 
down in the eastern part, with irregular sands in Ohio. The basal sand is generally 
named the Berea, but all sands so nam ed are not necessarily contemporaneous. A  
series of folds were formed parallel to the mountain trend.

Cabin Creek is on the flank of the Warfield anticline in a  lenticular sand of Berea 
age. The sand contains no w ater, so th a t the oil occurs down the structure, with 
gas at the top of the lens. Elsewhere other sands act as oil reservoirs, and, excepting 
the Lower Devonian Oriskany sand, they tend to be older in Northern Pennsylvania 
than in South-west Pennsylvania and W est V ijginia, where they are of Mississippian 
and Pennsylvanian age. All are more or less lenticular and typical off-shore deposits.

A map, contour m ap, and cross-sections are included. G. D. H .

976.* Work Outside Turner Valley Aids Canadian Oil Outlook. J .  L . Irwin. Oil 
Gas J . ,  3.9.42, 41 (17), 25.— The A lberta oil production rose by 363,066 brl. in the 
first half of 1942 to give a  total of 5,144,462 brl., 5,090,929 brl. being from Turner 
Valley. There has been a  m arked increase in the production from fields outside 
Turner Valley. Turner Valley has 190 producers, thirteen with allowables of over 
400 brl./day, and the other fields have twenty-five producers. Vermilion is by far 
the best producer of the nine A lberta fields other than Turner Valley, and it gives
14—22° A .P .I. oil from  the Low er Cretaceous a t depths of 1600—1900 ft. Many of 
the Vermilion wells have to be pum ped.

Ram River No. 2 has had a good oil-showing in the Devonian lime a t a  depth of 
4300 ft., with indications of a 75-ft. porous zone. This well is 12 ml. south-east of 
No. 1, which met a m ajor fault and w as abandoned. No. 2 first had oil-showings 
at 4250 ft. In  five d ays after closing in the casing pressure built up to 125 lb ./in .2, 
and finally it reached 165 lb ./in .2.

The monthly production is tabu lated  for A lberta as  a  whole, and the total pro
duction of each of the fields other than Turner Valley is listed for the first half of 
1942, A map showing the well locations of Turner Valley is included. G. D. H ,



4 1 6  a
A B S T R A C T S .

D r i l l in g .

977.* Steel Mud-Tanks Prove Practical in Many Areas. G. B . Nicholson. Oil Wkly, 
3.8.42, 1106 (9), 33-36.—Details of such system s are described and illustrated photo
graphically. In addition to fulfilling requirements where conditions of terrain obviate 
digging earthen pits for mud systems, steel tanks offer numerous advantages which, 
in the opinion of companies which advocate their use, m ay be summed up as follows: 
(1) Cost of tanks is not excessive, while construction considers mobility and durability 
to permit use over a long period. Digging and filling p its are eliminated, and setting
up and dismantling require little time. (2) Pum p and equipment repairs and replace
ments are materially reduced by use of properly designed steel tanks, due largely to 
partial removal of abrasives from mud by means of baffles, and by maintaining 
positive hydrostatic head on suctions to assist pum p action. (3) Small, compact 
but adequate systems forestall use of excessive mud, an economy amplified by flexible 
use of only portions of tanks which are needed for particular drilling conditions. 
Contamination is lessened, while loss due to seepage or breaks in dikes is averted by 
quick detection and repair. A further economy is realized by m any oil companies 
which save mud in the systems and move it t <j> the next location. (4) Mud engineers 
have facilities for accurately testing and treating muds, enabling them to conduct 
exact chemical treatments, and to m aintain precise weight and viscosity. Positive 
tests may be made to determine exact characteristics of in-going mud, as well as 
variations in mud level in tanks, to determine proper input rate. A. H. N.

978. Patents on Drilling. J .  C. Arnold. U .S .P . 2,288,876, 7.7.42. Appl. 21.1.41.
Magnetic logging of well-bores characterized by rotating an  inductor coil simultane
ously about two axes at right angles to each other.

M. C. Bowsky. U .S.P. 2,288,884, 7.7.42. Appl. 11.12.39. Electrical logging in 
oil-filled wells.

J .  Neufeld and E . H . Cooley. U .S.P . 2,288,973, 19.7.42. Appl. 15.12.39. Well- 
survey method and apparatus using electrical fields.

C. A. Shope. U .S.P . 2,289,217, 7.7.42. Appl. 16.4.41. Tubing rack for derricks 
affording free removal of tubing.

R . W. Stuart. U .S.P. 2,289,687, 14.7.42. Appl. 14.2.41. Method and apparatus 
for logging wells during drilling by measuring the electrical conductivity and hydrogen- 
ion concentration of the drilling fluid.

L. B. Heilman. U .S.P. 2,289,707, 14.7.42. Appl. 31.1.41. Drilling bit.

H. Dixon. U .S.P. 2,289,829, 14.7.42. Appl. 14.3.42. Fishing-tool shoe with 
V-shaped cutouts.

J .  Neufeld. U .S.P. 2,289,926, 14.7.42. Appl. 18.3.40. W ell-survey method and 
apparatus measuring radioactive radiations naturally  em itted from formations 
traversed by a  well-bore.

B. M. Scivally. U .S.P . 2,290,000, 14.7.42. Appl. 16.5.42. Pipe-cutter adapted 
to cut by rotation inside a  pipe stuck in a  well.

M. Schlumberger. U .S.P. 2,290,075, 14.7.42. Appl. 3.4.39. Thermal process and 
device for surveying the beds traversed by drill-holes by m easuring the rate of heat 
transmission in these beds.

J . T .  Hayward. U .S.P. 2,290,179, 21.7.42. Appl. 4.3.39. Method of detecting 
washouts in rotary well-drill strings by studying the stroke-cycle rate of the slush- 
pump.

C. W. Perkins. U .S.P. 2,290,247, 21.7.42. Appl. 20.6.41. Pipe-racker for opera- 
tion on the platform of an oil-derrick.
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W. J .  Crites. U .S .P . 2,290,408, 21.7.42. Appl. 21.2.41. Exploration of bore
holes by measuring and indicating the difference between the volume of fluid pum ped 
into and out of the well.

J .  Cuthill. U .S .P . 2,290,409, 21.7.42. Appl. 7.4.39. Means for withdrawing 
casing from wells or boreholes.

F. Squires. U .S .P . 2,290,502, 21.7.42. Appl. 29.12.38. A pparatus for forming 
subterranean cavities by a  mechanical device.

C. W. Kinnear. U .S .P . 2,290,595, 21.7.42. Appl. 1.11.39. R otary  drill-bit with 
vertical cutting teeth.

W. Brauer. U .S .P . 2,290,735, 21.7.42. Appl. 20.3.39. Autom atic cathead.

E. Gruenweld, H . R . D urbin and W. H . Tilley. U .S .P . 2,290,956, 28.7.42. Appl.
15.6.40. Retarding setting rate  of Portland cement by incorporating 0-2 to 0-4% 
casein.

J .  E . Ortloff. U .S .P . 2,291,055, 28.7.42. Appl. 2.4.42. Working platform  for 
derrick masts.

W. N. Oswald. U .S .P . 2,291,100, 28.7.42. Appl. 5.7.40. Deflecting tool, includ
ing a knuckle joint.

M. E . Norris. U .S .P . 2,291,251, 28.7.42. Appl. 8.4.41. Drill-pipe protector 
remover and applicator.

J .  W. Buchanan and C. C. Milligan. U .S .P . 2,291,371, 28.7.42. Appl. 3.8.40. 
Method and apparatus for cementing liners in wells.

R. T. Cloud. U .S .P . 2,291,692, 4.8.42. Appl. 2.6.38. Magnetic logging of geo
logical formations traversed by a  bore-hole.

W. J .  Crites. U .S .P . 2,291,698, 4.8.42. Appl. 11.7.38. Tem perature responsive 
means adapted for use under external pressure for im parting linear m ovements in 
response to tem perature changes.

A. L . L ay  and C. C. Farque. U .S .P . 2,291,732, 4.8.42. Appl. 26.4.40. Drilling 
rig comprising a  portable rig, derrick, engine, hydraulic transm ission and gear-operated 
drill revolving means.

G. E . Behnke. U .S .P . 2,292,036, 4.8.42. Appl. 28.6.40. Bearing for drill-bits 
using cone-cutters.

E . W. Isley. U .S .P . 2,292,126, 4.8.42. Appl. 8.4.39. Well-drilling apparatus, 
including a  drill unit of the advancing m otor type and m eans for using sludge-water 
around the motor-housing.

A. D. Garrison. U .S .P . 2,292,267, 4.8.42. Appl. 7.7.37. Preparation of drilling 
muds of special viscosity characteristics attained by use of additives.

A. L. Gibbons and H . H . H arrison. U .S .P . 2,292,268, 4.8.42. Appl. 6.3.39. 
Well-straightening device.

T. J .  Crawford. U .S .P . 2,292,363, 11.8.42. Appl. 18.8.41. Method of treating 
oil-well casing therm ally to certain tem peratures depending on their diam eter to 
thickness ratios.

A. R . Maier. U .S .P . 2,292,457, 11.8.42. Appl. 14.8.41. Travelling block.

C. T. O’Connor. U .S .P . 2,292,711, 11.8.42. Appl. 22.1.41. Wire-line socket and 
tool-latch.

P. H. Jones. U .S .P . 2,292,838, 11.8.42. Appl. 6.12.38. Method and apparatus 
for imparting directional m agnetic properties to core-samples.



C. L. Charles. U .S.P. 2,292,867, 11-8.42. Appl. 15.1.40. Drilling apparatus of
t he portable percussive type.

A. S. Rairden. U .S.P. 2,292,971, 11.8.42. Appl. 12.6.40. Well-cable tool-drilling 
line and method of making same.

C. D. Johnson. U.S*P. 2,293,259, 18.8.42. Appl. 25.3.41. Device for preventing 
clogging of drilling bits.

A. H. Brunberg. U .S.P. 2,293,380, 18.8.42. Appl. 14.3.41. Safety  platform for 
oil-well derricks.

L. E . Mathews. U .S.P. 2,293,396, 18.8.42. Appl. 5.10.40. Derrick drill of the 
portable type.

W. C. Francis. U .S.P. 2,293,603, 18.8.42. Appl. 3.3.41. Roller bit with the 
cutters on ball and roller bearings.

R. S. Kail. U .S.P. 2,293,904, 25.8.42. Appl. 22.9.39. Method of batch cement
ing of a porous formation in a well.

H. J .  Woolslayer, E . A. Campbell, and C. Jenkins. U .S .P . 2,293,958, 25.8.42. 
Appl. 11.8.41. Narrow bottom tiltable m ast for oil-well derrick structure.

R. Neuhaus. U .S.P. 2,293,997, 25.8.42. Appl. 1.8.39. Method of making tool- 
joints.

E . S. Long. U .S.P. 2,294,506, 1.9.42. Appl. 5.7.40. Drill-pipe protector and 
tool therefor.

H. V. Steadman and E . E . D avis. U .S .P . 2,294,521, 1.9.42. Appl. 24.6.41. 
Removable plug for drilling strings to be used in coring operations.

L. E. Garfield. U .S.P . 2,294,544, 1.9.42. Appl. 15.8.40. Cutter teeth for well- 
drills, the outward and inward sides of which are more abrasive resistant than the 
rest.

C. E . Reed. U .S.P. 2,294,629, 1.9.42. Appl. 26.2.40. Earth-boring tool.

T. B. Wayne. U .S.P . 2,294,877, 1.9.42. Appl. 5.9.41. Treatm ent of drilling 
fluid with a small percentage of a water-soluble polyphosphoric acid compound.

M. Williams. U .S.P. 2,294,067, 8.9.42. Appl. 16.10.37. Drilling mud composi
tion of an aqueous slurry of clay containing saccharic acid.

S. W. Mims. U .S.P. 2,295,418, 8.9.42. Appl. 30.11.39. A pparatus for well 
cementing. A. H. N.
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979.* Predetermining Results of Secondary Recovery Methods. W. L . Horner. Oil
Wklxj, 3.8.42, 106 (9), 22.—It  is emphasized th at secondary recovery methods which 
prove successful in one field m ay fail in another and vice versa. Water-flooding is 
discussed in some detail. I t  is m aintained that, provided certain tests are performed 
and data are collected and studied, predictable results can be made. The problems 
in water-flooding vary with every property and every well. The correct solution of 
the problems depends on depth of sand, sand thickness, and porosity and perme
ability of the sand. Correct consideration of those factors determines the well- 
spacing best suited to the property, the am ount of w ater the intake wells should 
receive before oil-wells are drilled, pressure to be used, and property equipment— 
v hether pumping or flowing. The present system  of calculating the quantitative oil 
universally recoverable by water-flooding w as developed a t  Bradford in 1933. Prior 
to that time recovery was approxim ately foretold by using cores to determine the 
amount of oil in place, then multiplying th at am ount of oil by a  fixed fraction which
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was an experience factor. W hereas oil recoverable by  gas expansion and by gas 
injection may be expressed as a  p art of the pore volum e, water-drive yields are also 
modified by two factors which can be m easured— connate w ater and residual oil 
content. The term  residual oil content refers to oil left in place after water-drive. 
Since these factors can be determined directly, and recoverable oil content can be 
calculated with greater accuracy by using them , there is no necessity for the use of 
empirical means. Successful predictions now require more accurate measurements 
of porosity than obtainable through the conventional methods. Measurements of 
connate water content, shrinkage, reservoir pressures, and residual oil content are 
also required.

It has been observed th at in m any cases the practice of injecting gas has increased 
the rate of recovery from  oil reservoirs. During recent years production curves 
from a large number of fields have been published in which it is typically shown that 
production decline w as arrested by  this m eans of secondary recovery. However, in 
many such cases unbiased investigation of underground conditions ahows that 
natural water-drive has often been an  unrecognized factor and w as responsible for 
much of the additional recovery which has been credited to gas injection. During 
recent years laboratory investigations have disclosed the mechanisms which control 
the decline of rate of oil m ovement and the relative increase in flow of gas which 
results from depletion of the reservoir. B y  applying these principles to facts m easur
able through analysis of cores and reservoir fluids, p ast performances have been 
reliably reconstructed, and it is believed that proper use of this technique is an 
acceptable basis for the prediction of future behaviour of pressures and gas—oil ratio 
in any given field during production by natural means, water drive or with gas 
injection. I t  is observed th at under either m ethod of secondary recovery the am ount 
of gas produced/brl. of oil does not exceed the am ount dissolved until a  substantial 
portion of the recoverable oil has been produced. A. H . N.

980. Development, Operation and Valuation of Oil and Gas Properties. P art 11. 
P. J .  Jones. Oil Gas J 6.8.42, 41 (13), 39-40.— This part of the paper is a  con
tinuation of P art 10 in particular. Producing efficiencies are discussed, together 
with formulae for their calculation. Production under partia l water-drive is analyzed 
briefly. A. H . N.

981. New-Type Multiple Completion Technique Developed in Illinois. H . F . Simons. 
Oil Gas J . ,  6.8.42, 41 (13), 31-32.— Norm ally, the multizone-completion method used 
has been one of the following : (1) The use of a  removable section in the casing 
string, opposite the upper pay-zone or zones. These removable sections were cut 
out after the lower zone h ad  been completed and tested. Generally this removable 
section was either aluminium-alloy pipe which could be cut out, eaten out with acid, 
or shot out with explosives. (2) The use of b lack m erchant pipe opposite the upper 
horizons. Here again this section w as rem oved with an expanding tool (either a  
wall scraper or a  mill), after the lower zone w as completed. (3) Some operators 
used the regular casing string, later rem oving the portion opposite the upper pay- 
zone with an expanding tool, an  expanding mill, or a  whipstock.

The new method does not use a  rem ovable section and does not require a  mill to 
cut out the pipe opposite the upper pay-zones. Actually it is a  succession of liners, 
or a succession of casing sections, ran  in the well with the portion of the hole opposite 
the upper pay-zones being left uncased. The procedure, when completing in three 
zones, is to run either a  slotted or blank section of pipe opposite the lower zone and 
up to the base of the next higher pay. This liner is run on the tubing and is cemented 
in place. The second liner is run on the tubing and cemented in the hole above the 
second lowest pay-zone and extends to the base of the third and highest pay- 
formation; this liner is, of course, run in on the tubing. The remainder of the casing 
string is then run to the desired depth and cemented in the regular manner. E ach  
of the zones can be shot, cleaned out, and produced.

Repair work apd certain details of m ultiple com pletion jobs are given.

982. Automatic Discharge from Salt-Water Pits in the East Texas Field. Anon. 
Oil Gas J . ,  13.8.42, 41 (14), 42.— The autom atic discharge is accomplished by a pick



4 2 0  a
A B S T R A C T S .

up pump at a salt-water pit with an autom atic starter and shut off. A float is hung 
on a chain inside a vertical concrete pipe. The chain passes over a  small wheel, and 
a lead weight is attached to its other end, hanging outside the pipe. The small wheel 
is on the switch-box of the pump-motor, and im mediately beneath it is a lever which 
is forked at both ends. Stops are placed on the chain a t  the desired points, and 
these engage the lever, thereby providing a  m eans of tripping the switch to start 
and stop the motor. The vertical concrete pipe is open a t  the bottom  so that its 
water level will be the same as that of the pit. When the w ater reaches a certain 
level the motor is turned on and it runs until the w ater has been drawn down to a 
predetermined level. Discharge from the pick-up pum p goes to a water-disposal 
well located outside the limits of the field. Other details are given. A. H. N.

983. Strong Acid Gives Encouraging Results in West Texas Wells. H. F . Simons. 
Oil Gas J 13.8.42, 41 (14), 37-38.—The prim ary reasons for increasing the strength 
of the acid used are : (1) a  reduction in costs, (2) a  greater increase in production of 
the well, and (3) less clean-out time after acidization. A ctually  there is a  consider
able number of phenomena concerned with the use of stronger acids not easily 
explained. One of the reasons for not using the heavier acids originally was the fear 
of plugging the formation, due to the sludge produced through the reaction of the 
acid with the limestone. The 15% acid is also slightly less viscous and has a lesser 
tendency to émulsification. Testing of a  sam ple of the form ation with a stronger 
acid will determine, in many instances, whether an  adverse effect would be produced. 
The use of acid stronger than 25%  is im practicable because of the difficulty of 
inhibiting the stronger acids.

From a table it is seen that the swabbing tim e after using 20%  averaged 13-9 hr., 
while swabbing time following the use of 15%  acid averaged 21-1 hr. The amount 
of fluid swabbed was less when 20%  acid w as used. The number of hours flowed, 
after acidizing the well, w as 16-8 in the case of 20%  acid and 36-1% in the case of 
the 15% acid ; volume flowed was 297 3 brl. for the 20%  acid  and 233 brl. for the 
15% acid. The comparison is even more outstanding when it is seen that the brl./hr. 
is 17 6 with the stronger acid and 6-4 with the standard 15%  solution.

When using 15% acid, it was noted th at slugs of spent acid would be produced, 
after which clean oil would be brought to the surface for a  while and then another 
slug produced. The swabbing or flowing of the well would have to be continued 
for some time before it was certain th a t all the spent acid had been removed from 
the hole. I t  has been noticed th at when using the 20%  or 25%  acid, all the spent 
acid is recovered, after which the well begins m aking clean oil. For this reason 
alone, the time spent in cleaning out after acidizing is considerably reduced. Theories 
for explaining this phenomenon are given briefly. A. H. N.

984.* Low-Cost Heater Solves Freezing on High-Pressure Wells. G. M. Wilson.
Oil Wkly, 17.8.42, 106 (11), 26.—Reduction of flow-pressure from  3300 lb. down to 
a 550-lb.-gathering-system pressure w as causing the flow manifold to freeze up, due 
to expansion of gas-distillate production. Collection of ice m ade it difficult to 
operate manifold valves, and often caused a  stoppage of flow into the gathering 
system. Freezing would occur a t elbows where danger of bursting w as more acute.

Solution to the problem lay in installation of some sort of hot-water or steam- 
jacket that would hold the flow-line tem peratures above freezing. Such a system, 
however, had to be simple and sufficiently autom atic in operation to permit its being 
left unattended for perhaps several days a t a  time, since the wells are widely spaced 
and are some distance from field headquarters. I t  was finally decided to use a small 
gas-fired water heater, set up a t some distance from  the well, which would circulate 
water through an insulated jacket welded to the flow manifold, then return to the 
heater to be reheated.

The heater is of the type commonly used in apartm ent houses and industrial 
plants. I t  is known as the “  booster type,”  which in this particular size has a storage 
capacity of only 18-20 gal. I t  is not intended to store heated w ater; instead it is 
designed to heat up quickly and send it out into the circulating system. It  will 
grve up approximately 115,500 b.t.u ./hr., and can heat 160 gal. of water /hr. A 
moderate temperature is maintained, and it can be ad justed  to any point which



suits the flow conditions of any particular well. The unit has a  150-lb. working 
pressure capacity. The heater and the m ode of its use are described with illustrations.

A. H . N.

985.* Plugging Air Channels with Floating Sand. F . R . Cossens. Oil Wkly, 17.8.42, 
106 (11), 33.—The sand-plugging procedure is generally carried out by releasing the 
air pressure on a  badly channelled intake well, and pulling any packers which m ay 
have been seated in the sand. Fresh, crude oil, into which has been vigorously 
stirred floating sand (proportions being 1 m easured gal. of floating sand in normal 
pasty form, to each 50 gal. of oil), is introduced into the well until the chamber at 
the bottom is filled. Connections are replaced a t  the casing head, and air from  the 
compressor unit is forced into the well until sufficient pressure has accum ulated to 
force the oil and sand residue back into the sand body. Length of time and am ount 
of pressure required for the task  depend on conditions existing in the sand area. 
One to three days of continuous forcing, a t a  built-up air pressure of 100-300 lb., 
are the average ratio for m ost districts. A fter fluid and plugging residue has been 
thoroughly forced into the sand, the air pressure is released a t  the casing-head, and 
the chamber is re-filled with clean oil. Pum ping equipment is next installed with 
necessary connections so th a t the well can be circulated freely for 24—36 hr., then 
pumped dry. Oil circulated by the pum p washes the face of the chamber free of 
floating sand which has accum ulated upon it during the forcing process, but greater 
quantities have norm ally been pushed back into the larger sand-channels where the 
material remains untouched by the reservoir washing. A . H . N.

986.* Special Bottom-Hole Pressure Truck has Advantages. J .  C. Albright. Oil 
Wkly, 17.8.42, 106 (11), 30.— The unit is used to test over forty producing wells 
frequently to determine reservoir conditions. The complete unit consists of a  light 
truck on to which has been placed a  special body fitted with trays, bins and drawers 
for tools and spare parts, plus all necessary equipment for testing and determining 
bottom-hole pressures. Included in the equipment is a  self-contained m ast, thus 
eliminating the need for individual m asts or tripods a t each well, and thereby releasing 
material that can be used elsewhere. Also included is the equipment necessary for 
testing and checking the indicating pressure gauges.

The m ast is carried on a  heavy steel supporting member bolted securely to the 
back of the chassis fram e sills and resting on the rear bumper for additional support. 
The supporting member is m assive enough for the truck to be driven over rugged 
terrain with the m ast raised without danger of side-sway or tipping.

The hoist and the m ethod of working it are described in detail and illustrated.
A. H . N.

987*. Truck-Mounted Steam Cleaning Unit Performs Many Jobs. E . Sterrett. Oil 
Wkly, 17.8.42, 106 (11), 17.— A emit having a  steam -generating coil sim ilar to those 
used on Diesel-powered trains for heating passenger com partm ents is described. 
Tank-cleaning m ay be done with steam  alone, steam  from  the generating unit being 
carried to the job  in a  standard steam  hose or through combination of flexible piping 
and hose, and directed against the surfaces to be cleaned. This m ethod relies largely 
on the dual blasting and heating effects of the steam  to remove the loosened dirt, 
and is not as satisfactory as  the one usually followed, in which steam  from the 
generating coils is m ixed with water, so as  to m ake the resultant steam  as wet as 
possible. This reduction of steam  tem perature guards against blistering of tank- 
paint, and also provides sufficient condensation flow, as  the relatively cold tank 
metal is contacted to form a  flushing film which aids greatly in removing the waste 
and dirt without spattering it over adjoining structures.

If further refinement of the cleaning is desired, the stream  added to the steam- 
flow may carry cleaning compound of any desired strength, the cleaner being added 
in the drum or other m ixing v a t and picked up in solution from  th at point by the 
suction hose from that end of the unit pum p transferring the m ixture into the flow- 
line to the washing nozzles. A few details are included.

Tubing pulled from a  well being serviced is frequently found to be so clogged with 
paraffin, especially through certain zones of the well depth, as  to require thorough
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cleaning before returning to the well. Where such tubing is to be steamed out, the 
operation is speeded up and removal m ade more complete if the tubm g be stacked 
with the end away from the well a foot or so lower than  the other, and with the 
random lengths taken care of a t the lower end. Close ranking of the tubing at the 
high end reduces the labour of switching the steam  nozzle and enables a check on 
finished work to be kept without markers or other aids. The steam  generator is set 
up as for tank-cleaning, except that the dilution stream  pum ped into the steam is 
pure water only, to give as great a  volume of flushing fluid as possible after the heat 
in the steam has liquefied the paraffin. The nozzle used is different from that used 
for tank-cleaning. Details are given.

Cleaning surface lines is also extensively described. The unit is described in detail 
at the end of the paper. Safeguards are built into the unit which automatically cut off 
the fire and stop the operating motor if the w ater pressure becomes too low, if the fuel 
flow is stopped, or if the temperatures passed a  predetermined m axim um . Since the 
blower fan is started a t the same time that the magneto is set in operation, accumula
tion of gases within the generator housing to the point where an  explosion might occur 
is prevented and the space ventilated adequately. Pressure-actuated devices cut off 
the fuel unless the boiler is filled and either water or steam  pressure maintained at 
the desired setting, it being necessary to fill the tubes with w ater by a hand pump 
before starting the operating engine ; otherwise the unit would cut off and remain 
inactive, thus preventing the tubes from being burnt out by being fired when dry.

A. H. N.

988.* Weak Acid Gives Good Results in North Central Texas Wells. Part 2. H. F.
Simons. Oil Gas ./., 27.8.42, 41 (16), 37-38.— P art 1 of th is paper discussed the use 
of 20% acid in New Mexico and W est Texas, where the norm ally used inhibited 15% 
hydrochloric acid was ineffective. This part deals with using a  weaker acid than 
the usual 15% where this acid failed. A 10% acid is studied, as  it produced better 
results in one particular field than the 15% acid. The exact explanation for the 
better success of the weaker acid is not forthcoming, and its value can best be judged 
on the results. There are several factors which m ight contribute to the success of 
the 10% acid. The weaker acid solution is less viscous and produces a  less viscous 
spent acid. I t  is therefore less likely to emulsify. The weaker acid has a very good 
non-emulsifying characteristic and, a s  might be expected, has lower surface tension. 
However, non-emulsifying agents and surface-tension-reduction agents have been 
added to the weaker acid to increase these qualities. Another factor which may be 
important is the small amount of soluble m aterial in the form ation. The inhibition 
of the acid against steel corrosion is no problem.

Comparative study of the two strengths is made. Wells in the area are all on the 
pump, and are acidized with the tubing in the well. One m ethod is to pull the rods 
and leave the standing valve in place and load the tubing with oil. The acid is then 
put in the casing and followed with oil from the stock-tanks. The acid is left on the 
formation for about an hour, after which it is pum ped out through the tubing. 
Another method is to fill the hole with oil and pull the standing valve. The acid is 
then put down through the tubing and allowed to stand on the formation approxi
mately as before. In  the meantime the rods are run in the well, preparatory to 
pumping out the acid and load oil.

Formulae are given for diluting the strong acid. A s the am ount of soluble material 
in the formation is reduced (the average calcium carbonate in the KMA “  sand ”  is 
15-35%), less acid is required to remove the m aterial and open the pores in a given 
volume of the formation. In  a case where the well is shot and the contact area quite 
great, penetration of the 10% acid is sufficient to open drainage channels that are 
rather extensive. I t  is shown that a  little over 7 cu. ft. of pure limestone is dissolved 
by 1000 gal. of the 10% acid, which m eans th at when the formation contains only
15-35% calcium carbonate, 45-5 cu. ft. of the form ation will react with the acid. 
I  he problem thus becomes one of forcing the weak acid into the formation to fcontact 
the greatest volume of soluble material. The average treatm ent of 3000 gal. of 10% 
acid results in the removal of calcium carbonate from 136-5 cu. ft. of formation. 
The lack of complete success of the stronger acid m ay, in part, be due to a Jamin 
effect caused by its higher surface tension. A. H. N.
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989. Patents on Production. A. Boynton. U .S .P . 2,288,605, 7.7.42. Appl. 8.12.39. 
Differential flow-device with valve-controlling m eans, for the gas-lifting of liquids 
from wells through a  tubing.

J . P. Bradner. U .S .P . 2,288,780, 7.7.42. Appl. 21.2.40. Packer of the conical 
type which is used in form ation testing by seating it against a shoulder in the well
born.

A. J .  Zschokke. L .S .P . 2,288,931, 7.7.42. Appl. 1.8.41. Gun perforator with 
laterally directed gun-bores spaced at different angles and interconnected.

A. J .  Zschokke. U .S .P . 2,288.932, 7.7.42. Appl. 4.8.41. Gun perforator with 
multiple bores and a  central cartridge bore.

A. L. Parker. U .S .P . 2,289,382, 14.7.42. Appl. 7.11.40. Tube coupling.

L. Yost. U .S .P . 2,289,401, 14.7.42. Appl. 24.3.41. Submersible pum ping unit 
for deep wells.

L. M. Trawick. U .S .P . 2,289,603, 14.7.42. Appl. 3.9.40. Well-flowing apparatus 
containing a choke m ade of tubing and collars.

J. F. Cailloux. U .S .P . 2,289,696, 14.7.42. Appl. 28.10.40. Tubing head com
prising a soft deformable support.

L. C. Chamberlain and O. E . Barstow . U .S .P . 2,289,755, 14.7.42. Appl. 28.8.40. 
Apparatus for treating wells by  sim ultaneously injecting fluid into a t least two zones 
traversed by the bore.

J. N. Gilman and G. S. Giveen. U .S .P . 2,289,772, 14.7.42. Appl. 9.3.40. Con
vertible pumping system  ad aptab le  for operation as a  high- or low-pressure system  
and using centrifugal pum p.

J. W. Johnson. U .S .P . 2,290,127, 4.7.42. Appl. 31.1.40. Sand and gas excluder 
means for wells.

C. E. Burt. U .S .P . 2,290,141, 14.7.42. A ppl. 14.1.39. Perforation cleaning 
method and apparatus using a packer above the screen and injecting fluid above the 
packer to create suction through the perforations.

C. E. Burt. U .S .P . 2,290,142, 14.7.42. Appl. 23.12.39. Retrievable well-packer 
with a body adapted for attachm ent to a  tubular string for passage through a well- 
casing.

C. M. Blair, J r .  U .S .P . 2,290,154, 21.7.42. Appl. 27.6.40. Process for breaking 
petroleum emulsions of the water-in-oil type using a  demulsifier from  a  general class 
of compounds.

A. Parmeson. U .S .P . 2,290,351, 21.7.42. Appl. 23.2.38. Sw ab for wells com
prising a mandrel and divided sealing means on the mandrel.

M. De Groote and B . Reiser. U .S .P . 2,290,411. 21.7.42. Appl. 27.6.40. Process 
for breaking petroleum emulsions of the water-in-oil type by m eans of a  demulsifier 
from a general class of diamines.

M. De Groote. U .S .P . 2,290,413, 21.7.42. Appl. 11.10.40. Composition of m atter
and process for preventing water-in-oil type emulsions resulting from aeidization of 
calcareous oil-bearing strata.

M. De Groote. U .S .P . 2,290,414, 21.7.42. Appl. 11.10.40. Composition of m atter
and process for preventing water-in-oil type emulsions resulting from  aeidization of 
calcareous oil-bearing strata.

M. De Groote. U .S .P . 2,290,415, 21.7.42. Appl. 11.10.40. Composition of m atter
and provcess for preenting water-in-oil type emulsions resulting from aeidization of 
calcareous oil-bearing strata.
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M. De Groote. U .S .P . 2,290,416, 21.7.42. Appl. 8.9.41. Composition of m atter
and process for preventing water-in-oil type emulsions resulting from aeidization of 
calcareous oil-bearing strata.

M. De Groote. U .S .P . 2,290,417, 21.7.42. Appl. 20.10.41. Process for breaking
petroluem  emulsions of the water-in-oil type by m eans of a  demulsifier.

W. W. H artm an and R . A. Steps. U .S .P . 2,290,429, 21.7.42. A ppl. 30.11.40. 
Device for scraping mud from  the wall of a well.

L . A. Hoffman. U .S .P . 2,290,431, 21.7.42. Appl. 19.3.40. E xtraction  of fluids 
from  the earth.

E . W. McGaffey. U .S .P . 2,290,441, 21.7.42. Appl. 23.6.39. Well-cleaning device 
by creating a  pressure differential across the perforations.

R . W. Skinner and P. B . Skinner. U .S .P . 2,290,774, 21.7.42. Appl. 9.9.40. 
Oil-well swab.

C. C. Brown and R . L . Carruthers. U .S .P . 2,291,143, 28.7.42. Bradenhead.

T . G. Myers. U .S .P . 2,291,248, 28.7.42. Appl. 28.2.38. Sealing m eans for sub
mersible structures adapted to be submerged in a  well-fluid.

J .  M. Courtney. U .S .P . 2,291,378, 28.7.42. Appl. 27.5.41. Well-pumping appar
atus using a  reciprocating pum p.

K . T. Penick. U .S .P . 2,291,499, 28.7.42. Appl. 26.5.39. Balancing device fpr
pum ping units using a  counterbalance fluid in a  cylinder.

G. W. Moore. U .S .P . 2,291,742, 4.8.42. Appl. 24.10.39. Hole plug for oil and 
gas-wells.

C. W. Stancliffe. U .S .P . 2,291,771, 4.8.42. Appl. 13.5.39. A pparatus for the 
determination of the m oisture content of sands and other m aterials comprising scale 
beam.

K . Kelley. U .S .P . 2,291,902, 4.8.42. Appl. 8.4.40. G as anchor in combination 
with a  string of tubing.

W. F . McMahon. U .S .P . 2,291,911, 4.8.42. Appl. 7.3.39. A pparatus for raising 
oil and gas from  oil-wells.

C. Malinowski. U .S .P . 2,291,972, 4.8.42. Appl. 14.5.40. Pum ping mechanism 
having reciprocating elements.

M. De Groote, B . K eiser and C. M. Blair, J r .  U .S .P . 2,292,208, 4.8.42. Appl.
12.5.41. Composition of m atter and process for preventing water-in-oil type emul
sions resulting from  aeidization of calcareous oil-bearing strata.

A. Arutunoff. U .S .P . 2,292,345, 11.8.42. Appl. 23.8.40. Oil-production control 
device.

E . O. Bennett. U .S .P . 2,292,349, 11.8.42. Appl. 8.5.40. Well-pumping assembly 
for wells having a  line of pum ping rods adapted  to activate a  pum p within the well.

A. L . Sm ith. U .S .P . 2,292,670, 11.8.42. Appl. 17.11.41. Well perforating gun 
with a  special bore for the bullet.

E . D . Parker. U .S .P . 2,292,768, 11.8.42. Appl. 2.10.39. Differential pressure- 
controlled flow-valve for gas-lift operations.

H . C. Pyle. U .S .P . 2,292,796, 11.8.42. Appl. 27.6.38. Pum ping system  with a 
m eans of gas-separating.

E . L . Barker. U .S .P . 2,293,012, 11.8.42. Appl. 9.4.41. W ell-casing head con
struction with vertical side outlets.
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J .  S . Crump. U .S .P . 2,293,196, 18.8.42. Appl. 26.8.39. Method and apparatus
for completing wells.

A. M. R oberts and J .  H . Sm ith. U .S .P . 2,293,404, 18.8.42. Appl. 22.7.40. Rod- 
hanger.

H . A. Montgomery. U .S .P . 2,293,442, 18.8.42. Appl. 7.5.40. Well-cleaning
apparatus.

G. S. B ays. U .S .P . 2,293,488, 18.8.42. Appl. 6.4.38. A pparatus for determining 
perm eability of an oil-well core using a  liquid under constant pressure for the flowing 
fluid.

T. G. Myers. U .S .P . 2,293,616, 18.8.42. Appl. 28.2.38. Submersible structure
adapted to be submerged in well liquids, for electrical instruments in a  casing.

A. Boynton. U .S .P . 2,293,706, 25.8.42. Appl. 18.5.39. L iquid ejector in the
form of an interm ittent pneum atic pum p.

E . W. Patterson. U .S .P . 2,293,915, 25.8.42. Appl. 25.9.39. Counterbalanced 
pum ping unit for a  well.

E . W. Patterson. U .SP . 2,293,916, 25.8.42. Appl. 3.8.40. Air-balanced pum ping 
unit and pressure regulation thereof.

R . C. W illiamson. U .S .P . 2,294,061, 25.8.42. Appl. 11.10.40. R otatab le pump- 
tubing hanger for well-pumping.

W. H . Dow and J .  J .  Grebe. U .S .P . 2,294,078, 25.8.42. Appl. 14.3.34. Method
of treating wells to shut off w ater in porous form ations by means of a  soap solution
which sets in the pores.

J .  J .  Grebe. U .S .P . 2,294,294, 25.8.42. Appl. 27.9.37. Treatm ent of wells by 
forcing a  resin-forcing substance between the casing and the well.

J .  A. Sm ethers. U .S .P . 2,295,058, 8.9.42. Appl. 24.8.40. Paraffin scraper adapted 
for use in a  well.

M. De Groote and B . Keiser. U .S .P . 2,295,163, 8.9.42. Appl. 21.3.41. Process
for breaking petroleum  emulsions of the water-in-oil type using a  water-soluble 
estérification product.

M. De Groote and B . Keiser. U .S .P . 2*295,164, 8.9.42. Appl. 21.3.41. Process
for breaking petroleum  emulsions of the water-in-oil type, using an estérification 
product.

M. De Groote and B . Keiser. U .S .P . 2,295,165, 8.9.42. Appl. 21.3.41. Process
for breaking petroleum  emulsions of the water-in-oil type, using a  water-soluble 
estérification product.

M. De Groote and B . Keiser. U .S .P . 2,295,166, 8.9.42. Appl. 21.3.41. Process
for breaking petroleum  emulsions of the water-in-oil type by using a  water-soluble 
estérification product.

M. De Groote and B . K eiser. U .S .P . 2,295,167, 8.9.42. Appl. 21.3.41. Process
for breaking petroleum  emulsions of the water-in-oil type using a  water-soluble 
estérification product.

M. De Groote and B . Keiser. U .S .P . 2,295,168, 8.9.42. Appl. 21.3.41. Process
for breaking petroleum  emulsions of the water-in-oil type using a  water-soluble 
estérification product.

M. De Groote and B . Keiser. U .S .P . 2,295,169, 8.9.42. Appl. 21.3.41. Process
for breaking petroleum  emulsions of the water-in-oil type using a  water-soluble 
estérification product.

M. De Groote and B . Keiser. U .S .P . 2,295,170, 8.9.42. Appl. 21.3.41. Process 
for breaking petroleum  emulsions of the water-in-oil type using a  water-soluble 
estérification product. A. H . N .
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Transport and Storage.
990.* Recent Developments in Cathodic Protection of Bare Pipe-Lines. G. R . Olson.
Petrol. Engr, May 1942, 13 (8), 35.— Little information is available regarding relative 
costs of protection of pipe-line afforded by cathodic protection alone, or combined 
with varying degrees of coating, over long periods of operation. A  description is 
given of a  method of cathodic protection applied to short sections of old bare lines 
which had become so seriously corroded th at reconditioning or replacement would 
otherwise have been necessary within a few years.

An electric power-line carrying single high-voltage and low-voltage conductors was 
built parallel to the pipe-line. A t suitable intervals transform ers were installed to 
step down the supply voltage from  2300 to 110 volts, and each pole w as fitted with a 
sm all rectifier emit of special design to perm it easy ad justm ent of output ratings to 
suit field requirements under service conditions. An anode of scrap pipe Was installed 
near the base of the pole, and the pipe-line used as common return for both 
circuits. Pipe to soil potential measurem ents are used as  a  guide in ad justing unit 
outputs, but subsequent changes are frequently necessary as a  result of experience 
or change in conditions. Two installations covering respectively 20-9 and 4-8 m. 
sections of bare pipe were placed in service early in 1941, and tables and graphs give 
details of the section of line protected, cathodic protection requirem ents, overall 
efficiency of the installations, and measurem ents of soil resistivity  and pipe to copper 
sulphate plug potentials along the line. Subsequently other sections of pipe, some 
bare and others poorly coated, have been protected by sim ilar installations, and 
details are given. Current densities required for protection of sections of bare pipe 
vary from below 1 to over 6 expressed in milliam ps per sq. ft. of pipe surface exposed, 
and requirement does not appear to correlate w ith other available data . The average 
current density of the two initial lines varies from  2-2 to 2-9 m illiam ps. per sq. ft. of 
pipe surface exposed. Records show the greatly  reduced frequency of corrosion 
leaks resulting from  the protection applied. Ten poles per mile run of pipe was 
used for the initial scheme, but pole spacing will depend on whether the pipe is bare 
or coated and relative costs of equipm ent required. Im provem ents in ground 
anodes are desirable, and experim ents are in hand with th is object in view. Estim ates 
are given of savings in future steel requirements as  a  result of the installation 
concerned. R . A. E .

Gas.
991.* Natural Gas—An Important Factor in California’s Economy. W. A. Sawdon. 
Petrol. Engr, Ju ly  1942, 13 (11), 80.— California h as a  greater num ber of natural gas 
consumers than any other State  in the U .S .A ., is second in n atural gas sales and is 
the only large producing S tate  th at neither im ports nor exports n atural gas. The 
State is alm ost dependant on natural gas for heating, and industry relies largely on 
it for fuel. Until recently there w as more than  enough gas from oil-wells to meet 
demand, and little dry gas w as taken from  gas-fields even during peak loads. Tables 
and graphs show the total production of casing-head and dry gases and their utiliza
tion for the period 1923-41. The percentage of unconserved gas has been greatly 
reduced in recent years, and in 1941 am ounted to only 3-6. Control of gas-o il ratios 
in the production of oil-wells and the possible effect on gas production of a  change 
in product dem and are factors which necessitate increased attention being paid to 
gas supplies from natural gas-wells. In  1941 such gas represented about 9%  of 
total production. The number of producing wells is 110, m ainly situated in the Rio 
V ista field and serving the San  Francisco B ay  area. This has rendered possible, the 
release of a  large gas-line from the south to transport oil to refineries. Additional 
gas-wells are being drilled. R . A. E .

992.* Natural Gas—Possibilities of Exploitation in Great Britain. L . Ivanovsky. 
Petroleum, August 1942, 5 (8), 133.— The production of synthetic fuel from natural 
gas sources presents obvious advantages a t  a  time when coal is in short supply. In 
an appendix, the process for converting natural gas into w ater gas and hydrogen
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with the aid  of steam  and suitable catalysts, referred to in Technical Paper 622 of 
the Bureau of Mines, is described. This process could be modified to provide a 
suitable “  synthesis gas ”  which could be used as  raw  m aterial for Fischer-Tropsch 
or Robinson-Bindley processes. This would sim plify the processes and possibly 
offer economic advantages. L ittle  information is available in regard to the potential 
supplies of natural gas in the U .K ., but according to a  report of 1938 a  group of 
Scottish gas-wells could supply over 10 million cu. ft. of gas per day, although sealed 
at that time. They appear to provide the m ost im portant source of natural gas in 
this country. In  addition, supplies of m ethane could be obtained from  coal-mines, 
coal and coke-oven gases, and sewage works. E x tracts  from  the Bulletin of the 
Imperial Institute dealing with the natural gas situation in G reat B ritain  are given 
in the Appendix. R . A . E .

Polymerization and Alkylation.
993. Patents in Polymerization and Alkylation. Anglo-Iranian Oil Co. E .P . 546,037,
24.6.42. Appl. 23.12.40.— Process for the polymerization of defines, especially nor
mally gaseous defines, for the production of m otor spirit or a  blending m aterial for 
same. D ining the operation a  solid phosphoric acid catalyst com posed of ortho- 
phosphoric acid, copper oriAo-phosphate, and calcium ortAo-phosphate is used. The 
ratio of orfAo-phosphoric acid to copper ortAo-phosphate and calcium ortAo-phosphate 
in the catalyst is greater than 4 : 1 : 1 ,  but not substantially  greater than  8 : 1 : 1 .

Standard Oil Development Co. E .P . 546,334, 8.7.42. Appl. 10.7.40.—Method of 
converting isoparaffinic hydrocarbons into hydrocarbons of higher m olecdar weight 
by reaction with norm ally gaseous defines. The reaction is effected in the presence 
of a  catalyst consisting of a  product formed by the reaction of a  saturated normally 
liquid hydrocarbon and aluminium chloride or aluminium bromide.

Texaco Development Corp. E .P . 547,214, 19.8.42. Appl. 7.5.40.— Process for 
the production of high anti-knock hydrocarbons suitable for m otor fuel by  alkylating 
a low-boiling isoparaffin with C 3 and C4 olefins.

W. E . Bradley  and K . J .  K orpi. U .S .P . 2,286,183, 16.6.42. Appl. 2.5.38.— Pro
duction of m otor fuels by  reacting isoparaffinic hydrocarbons of less than  seven 
carbon atom s per m olecde with olefinic hydrocarbons having more than  two carbon 
atoms per m olecde, in the presence of an  alkylating catalyst and diam yl ether.

W. E . Bradley and K . J .  K orpi. U .S .P . 2,286,184, 16.6.42. Appl. 14.5.38.—  
Process of forming alkylated paraffinic hydrocarbons by  reacting isoparaffinic hydro
carbons of less than  seven carbon atom s per m olecde with olefinic hydrocarbons 
having more than  two carbon atom s per m olecde in the presence of strong sdph uric  
acid and a low -m decdar-w eight carboxylic acid.

F . D. Parker. U .S .P . 2,286,504, 16.6.42. Appl. 30.1.39.— Production of branched- 
chain saturated hydrocarbons boiling within the gasoline range. ¿soParaffinic hydro
carbons are reacted with norm ally gaseous olefinic hydrocarbons in the presence of 
an alkylating catalyst. The process is characterized by  contacting the gaseous 
olefins with a  hydrocarbon liquid absorbing medium prior to contact with the iso- 
paraffin and alkylating catalyst. In  this way is produced a  l iq d d  m ixture con
taining absorbed olefins, which is in turn m ixed with liquefied isoparaffins and 
catalyst.

H. Heinemann. U .S .P . 2,286,543, 16.6.42. Appl. 10.7.41.— Alkylation of iso
paraffins with olefins which involves reacting an isoparaffin with an  olefin a t  a  tem 
perature between 300° and 500° F . under a  pressure of 300—450 lb. per sq. in. in the 
presence of a  catalytic composition containing a  m etal halide selected from  the group 
consisting of zinc halides, aluminium halides, ferric halides, and stannic halides, in 
admixture with an oxygen containing com pound of antim ony. H . B . M.

Synthetic Products.
994.* Synthesis of Known Hydrocarbons in Petroleum. W. L . Fa ith . Petrol. Engr, 
May 1942, 13 (8), 96.— In  view of the increasing im portance attached to the prepara
tion of individual hydrocarbons from  petroleum, the m ost satisfactory  m ethods of 
synthesizing various hydrocarbons known to be present in petroleum are reviewed.

K K
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The m ost common m ethods of synthesizing paraffinic hydrocarbons are : (1) Wurtz 
reaction, (2) Clemmensen reaction, (3) Grignard reaction, (4) electrolytic reduction 
of ketones and esters, (5) catalytic hydrogenation of olefines which m ay be prepared 
by dehydration of alcohols. The proper m ethod to choose for a  particular hydro
carbon depends on several factors, including availability  of raw m aterials, but puri
fication of products a t each step and efficient fractionation in the final step are of 
utm ost importance. Twenty-eight paraffinic hydrocarbons have already been 
isolated by Rossini of the Bureau of Standards from  fractions o f Mid-Continent
crude. _ , ;

Methane, ethane, and propane can be prepared in large quantities by fractionation 
of natural and cracking still gases. Twenty-two of the other paraffins can he pre
pared by method (5), which is generally preferred and is more adaptable to large- 
scale m anufacture. Details are given of the starting alcohol and interm ediate olefin 
in each preparation, with references to  literature giving requisite details of process. 
3-Methyloctane has been m ade by Grignard synthesis and n-decane and n-dodecane 
by Wurtz synthesis. Present commercial production of paraffinic hydrocarbons and 
future possibilities are discussed.

Twelve different naphthenic hydrocarbons have been isolated by  Rossini from 
petroleum fractions. The m ost suitable method of preparation  of the m ajority  of 
these is catalytic hydrogenation of the corresponding arom atic hydrocarbon. This 
m ay he carried out a t room temperature and slightly elevated pressures using a 
platinum oxide plus platinum  -black catalyst, or a t  higher tem peratures and pressures 
using a  nickel catalyst. A list is given of eight naphthenic hydrocarbons prepared 
by catalytic hydrogenation, showing raw m aterial, cataly st used, and literature 
reference. The remaining four naphthenes have been prepared from  the correspond
ing alcohol by similar methods as  are applied in the case of paraffinic hydrocarbons. 
The lower naphthene hydrocarbons are already being produced commercially, and 
the catalytic hydrogenation m ethod is readily adaptab le  to large-scale manufacture 
given pure raw m aterials. Future possibilities are discussed.

Twenty-one arom atic hydrocarbons have been isolated by R ossini from  petroleum. 
These m ay be prepared by a  wider variety of reactions than  either paraffin or naphthene 
hydrocarbons, but the choice of the particular com bination to use in a  given case is 
a  m atter of experience. A s exam ples, m ethods often applied are : (1) Friedel and 
Crafts reaction, alkyl hahde condensed with a  benzene com pound in the presence of 
AlClj, (2) reaction of benzene with alcohols, esters, ethers, olefines, and naphthenes 
in the presence of a condensing agent such as B F 3, H 2F 2, and H 2S 0 4. Suitable methods 
of preparing various benzene and naphthalene hydrocarbons are listed with appro
priate references. The m anufacture of benzene hydrocarbons by cyclization of 
n-paraffin hydrocarbons is also mentioned. R . A. E .

995.* Synthetic Rubbers to Meet Requirements of Natural Rubber in Industry. C. C.
Pryor. Petrol. Engr, May 1942, 13 (8), 127.— The article traces the history of rubber 
synthesis and describes the reactions involved in the m anufacture of B u n a S, Buna N, 
Neoprene, B uty l rubber, Ameripol, Chemigums, Thiokols and V istanex. The pro
perties and applications of these synthetic m aterials are also described, and production 
figures for the U .S . during the three years 1939/1941 are given. R . A . E .

996. Synthetic Drying Oils. Anon. Chem. Tr. J ., 21.8.42, 111, 179.—E .P . 545,765 
of 1941 granted to E . I . du Pont de Nemours & Co. describes the production of 
synthetic drying oils by the polymerization of butadiene and its homologues. Previous 
m ethods of polymerizing unsaturated hydrocarbons have given low yields of products, 
inferior in drying characteristics to natural drying oils. In  the present invention 
butadiene or its homologues are subjected to high tem peratures and pressures in the 
presence of (a) 3-6% of a  prom oter consisting of an aldehyde, preferably n-butyr- 
aldehyde, or a ketone, (6) a  cataly st consisting of a  copper salt of an  organic or other 
weak acid, e.g., cupric acetate, and (c) 10%  to 30%  of a  hydrocarbon solvent, e.g., 
benzene. Sm aller quantities of prom oter give low yield of drying oil and higher 
quantities produce rubbery m aterials. An exam ple is given of a  m ixture of 80 parts 
of butadiene, 17 parts benzene, 3 p arts n-butyraldehyde, 12 p a rts  of cataly st mix
ture (iron powder, copper m etal, iron oxide and copper acetate) heated in a  bomb
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for 5 hours a t 160° C., cooled, filtered and the volatile m atter removed by evapora
tion. A  yield is given of 24-8 p arts of a  pale yellow, very viscous, oily polymer of 
iodine number of approxim ately 400, readily soluble in organic hydrocarbons, which 
forms hard, tough, adherent coatings of excellent durability and chemical resistance, 
drying being accelerated by the usual catalysts. C. L . G.

Refining and Refinery Plant.
997* Butane as a Source of Motor Fuel Volatility. J .  W. Vaiden and J .  O’Reilly. 
Petrol. Egnr, May 1942, 13 (8), 116.— Of recent years refiners have sought m eans 
of utilizing butane to the best advantage, so th at its use as  refinery fuel gas 
could be avoided. The m ethods utilized included direct sales, w ith and without 
propane adm ixture, as  fuel for industrial and household purposes, direct use as 
motor fuel in trucks fitted with special fuel system s, use as  raw m aterial for 
polymerization units and, m ost im portant, increased incorporation in m otor fuel 
as a  result of reduction of propane content achieved by  better fractionation. Con
sequently refiners have become increasingly dependent on butane as a  source of 
volatility and anti-knock quality  for m otor gasolines. The enormous dem and for 
butane as  raw m aterial for preparation of 100 octane aviation gasoline and of synthetic 
rubber thus creates a  difficult problem  for refiners in connexion with motor-fuel 
quality. The position is further aggravated  by restriction of tetraethyl lead supplies 
and probably reduction in quality  and quantity of natural gasoline available due to 
isobutane and isopentane extraction, and expected curtailm ent o f carbon-black 
manufacture. I t  is probable th at the butane output of m any of the smaller refineries 
and natural gasoline p lants will be available for the present, owing to the fact th a t 
installation of sm all alkylation and isomerization units is not yet economically 
feasible, but conversion of butane heating system s to use propane only, and of trucks 
using butane to run on m otor fuel is likely to be restricted by steel requirements.

I t  is suggested th at part of the butane deficiency can be m ade good by  incorpora
tion of propane, and the m odification of specifications m ay become necessary to perm it 
the use of propane instead of butane to give a  finished m otor fuel of approxim ately 
the same vapour pressure as  a t  present allowed. In  addition, the changed conditions 
will necessitate more efficient operation of present plants, and possibly installation 
of new equipment to ensure m axim um  extraction of butanes and propane, although 
such measures m ay not have been economically justified in the past.

A  change in the dem and-supply balance will probably further assist the position. 
Increased reforming of straight-run gasolines to produce butenes will probably be 
necessary, and th is will autom atically  reduce the quantity  of m otor fuel available 
and increase the yield of cracked gases. D em and for m otor fuel is also expected to 
decline. Careful planning is recommended, especially in plants expecting to supply 
butanes for w ar purposes, otherwise a  period during which no satisfactory  m otor fuel 
can be prepared m ay arise. R . A . E .

998.* Substitute Metals and Alloys for Refinery Uses. B . B . Morton. Petrol. Engr, 
May 1942, 13 (8), 130.— In  view of the present shortage of m etals such a s  chromium, 
nickel, copper, etc., the possibilities of substitute m aterials for various refinery uses 
are discussed. F o r sub-zero tem peratures down to — 75° F . carbon steels properly 
treated with aluminium and controlled as to grain  size offer the best present substitute 
for nickel-containing steels.

Where m etal tem peratures of 1200-2000° F . are involved, and particularly  where 
replacement is difficult and expensive, no change from  the usual 25%  chromium 
12% nickel type of alloy steels is to be recommended in view of the m arkedly superior 
resistance to corrosion and the superior strength a t  high tem perature of this alloy. 
Possible substitutions in the high-temperature range are listed.

In  the low-temperature range, defined as  the region in which liquid w ater exists, 
the demand is mainly for non-ferrous alloys, the type being dependent on the nature 
of the corrosive m aterial encountered in the particular service. In  order to conserve 
copper, substitution of these alloys by cast-iron equipm ent for condensers, coolers, 
pumps, etc., is being considered and p u t into practice. A  list of possible substitutions 
in the low-temperature range for various services is given. R . A . E .
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999.* What can be done about Sulphur in the Refinery. A. W. Trusty . Petrol. 
Engr, May 1942, 13 (8), 72.— The average cost of corrosion to the refiner is 1 c. per 
gallon of refined gasoline. In  addition, the cost of treatm ent of d istillates of high 
sulphur contents to meet specifications has been enormous, and the effects of sulphur 
compounds in reducing lead susceptibility and gum  inhibitor susceptibility are well 
known.

The sulphur compounds of m ost interest to the refiner are hydrogen sulphide and 
mercaptans. The hydrogen sulphide contents of sour gases from  some American 
fields are quoted. Caustic soda is usually employed for rem oving hydrogen sulphide 
from liquid petroleum  fractions, but cannot be used economically for treatm ent of 
gases containing considerable am ounts of hydrogen sulphide. F o r such gases the 
Shell process involving treatm ent with a  solution of tripotassium  phosphate, or the 
Girbotol process involving absorption in an aliphatic amine solution, m ay be applied, 
in both cases the treating medium being regenerated and the H 2S removed either 
burned or used for acid m anufacture. The processes are briefly described.

Doctor treatm ent alm ost invariably results in lowering of octane number and lead 
susceptibility of the gasoline, but these effects m ay be reduced by pretreatm ent with 
caustic soda solution. Control of the doctor treatm ent is of great importance, and 
best results are obtained when (a) the tem perature of the gasoline is held above 
85° F ., (6) addition of sulphur is m ade in solution in sweet rather than sour gasoline, 
(c) addition of sulphur follows doctor contact rather than preceding it, (d ) adequate 
contact time of doctor solution and sour gasoline is allowed. For economies in 
consumption of chemicals and tetraethyl lead, especially in war-time, elimination of 
doctor test from specification is advisable. Substitution by a  m axim um  m ercaptan 
content, including a  provision for rem oval of light m ercaptans by specifying that 
none can be removed by a  5%  soda solution, is suggested. M ethods designed to 
remove m ercaptans from sour gasolines include the caustic-m ethanol and the solutizer 
processes, which are briefly described. Reductions in sulphur contents and improve
ments in octane ratings and lead susceptibilities of gasolines treated by the caustic- 
methanol process are illustrated. To eliminate the adverse effects on lead suscept
ibility of polysulphides formed during doctor treatm ent and of other sulphur com
pounds present in gasolines, m ethods for desulphurization have been investigated. 
A Perco catalytic desulphurization unit installed in a  natural gasoline plant in West 
Virginia reduces the total sulphur content of the gasoline from 0-26% to 0-004%, 
increases the initial octane rating by 3^ numbers, and greatly  im proves lead suscept
ibility. The process involves heating the product in a  pipe-still, passing the vapours 
through a bauxite catalyst under a  pressure of 40 lb. to convert sulphur compounds 
to hydrogen sulphide. After condensing and cooling the gasoline, the sulphide is 
removed by caustic wash. C atalyst yield is 4000-5000 brl. of gasoline per ton. 
Methods for determining the percentages of free sulphur and of the various types of 
sulphur compounds present in a  petroleum distillate are given, and the distribution 
in distillates from Oregon Basin , Wyoming, crude oil shown. t R . A. E .

1000. Patents on Refining and Refinery Plant. U . B . B ray . U .S .P. 2,281,667, 5.5.42. 
Appl. 22.7.33. Method of refining petroleum oil containing paraffin w axes. The oil 
is mixed with liquefied hydrocarbon gases having a  vapour pressure greater than 
atmospheric at ordinary atm ospheric tem perature. The m ixture is then cooled to a 
temperature sufficient to congeal the w ax content and passed  through a  settling 
tank to separate high-melting w ax from  the oil m ixture. The remaining portion of 
wax content is separated by filtration.

F . B . Downing and C. J .  Pederson. U .S .P . 2,282,513, 12.5.42. Appl. 26.7.39. 
Production of a  viscous petroleum oil norm ally subject to deterioration in colour, but 
which has incorporated in it a  sm all am ount of an  organic compound of the type of 
Schiff’s base, obtained by condensing 1 mol. of an aliphatic polyam ine containing at 
least two prim ary amino-groups directly attached to different carto n  atom s of the 
same open chain with a t  least 2 mols. of an  aldehyde, so that 1, and only 1, mol. of 
aldehyde reacts for each prim ary amino-group of the polyam ine.

H . G. M. Fischer and W. Jam es. U .S .P . 2,282,514, 12.5.42. Appl. 26.7.39. Pro
duction of colour stabilized light petroleum  oils from  hydrocarbon oils by subjecting 
the oil to contact with air while in the presence of 3-5 gm. of iron oxide consisting of



A B S T R A C T S . 4 3 1 a

F e 20 3 per 1000 c.c. of o il a t  a  tem pera tu re  betw een  200° and  350° F .  T h e  iro n  oxide is 
rem oved from  the  o il w ith o u t w ith d ra w in g  su bstan tia l am oun ts of co lour bodies b y  
d istilla tion.

D . R .  Stevens and  J .  E .  N icke ls . U .S .P .  2,282,594, 12.5.42. A p p l. 2.3.39. M e th o d  
of producing a  doctor-sweetened gasoline h a v in g  im p ro ved  resistance  to  o x id a tio n  
changes an d  im pro ved  response to  an ti-ox idan t an d  an ti-knock  com pounds. T h e  
gasoline con ta in ing  m ercap tans is trea ted  w ith  a  so lu tion  of sodium  p lu m b ite  in  an  
am ount sufficient to  co n ve rt the  re a c tive  m ercap tan s to  lead  m ercaptides, an d  w ith  
su lphur in  an  am o un t ju s t  sufficient to  co n ve rt these m ercap tides to  a lk y l  d isu lph ides. 
A fte rw ards  th e  lead  su lphide—gasoline suspension th u s  fo rm ed  is trea ted  w ith  a 
solution of sodium  te trab o ra te  h a v in g  a  co n cen tra tio n  sufficient to  increase the  
settling ra te  of the  suspension w ith o u t  rendering  the  gasoline sour.

M . A . D ie tr ich . U .S .P .  2,282,710, 12.5.42. A p p l. 14.6.39. M e th o d  of in h ib itin g  
deterio ration of p etro leum  h yd ro carb o ns  in  th e  presence of m eta ls  n o rm a lly  a c t iv e  to 
catalyse d eterio ration . In co rp o ra te d  in  th e  p etro leum  h yd ro carb o ns  is a  sm all 
am ount of an  organ ic com pound  h a v in g  a n  am ino-nitrogen a to m  an d  a  d iv a le n t  
su lphur a to m  each s ing ly  bonded to  ad ja cen t a lip h a tic  ca rbon  atom s in  open-chain 
configuration.

V . L .  Chechot. U .S .P . ,  2,286,344, 16.6.42. A p p l. 9.12.39. Process of acid-refin ing 
viscous hyd ro carb o n  o il w i th  th e  p ro d u c tio n  of a c id  sludge characterized  b y  its  re ad y  
p um p ab ility . T h e  o il is co n tacted  w ith  su lp hu ric  a c id  in  th e  presence of an  added  
am ount of fine ly-d iv ided  e lem en ta l su lp hu r. T h e  re su ltan t acid-sludge is se ttled  and  
the sludge separated  from  the  oil.

V .  L .  Chechot. U .S .P .  2,286,345, 16.6.42. A p p l. 16.2.40. P ro d u c tio n  of m inera l 
w h ite  o il b y  fu m in g  su lp hu ric  a c id  trea tm en t. T h e  ac id  is ap p lied  in  a  p lu ra l it y  of 
m u ltip le  dum p trea tm en ts, each  of w h ic h  trea tm en ts  com prises a  p lu ra lit y  of suc
cessive steps of a c id  ad d itio n  an d  ag ita tion . T h e  ac id  sludge is rem oved  fro m  the  
treated o il o n ly  on the  com p letion  o f each of the  m u ltip le-dum p treatm ents.

J .  R .  M ille r. U .S .P .  2,286,369, 16.6.42. A p p l. 2.1.31. M e th o d  of p u r ify in g  used 
lub ricating  o il b y  m ix ing  w ith  i t  a  so lid  im purity-adso rb ing  m ate r ia l, m ech an ica lly  
ag itating  the  m ix tu re  h ea ted  to  a  tem pera tu re  to  cause vo la t ile  im pu rities  to  be 
liberated, w h ile  co n tacting  th e  surface  o f the  oil-body w ith  a ir . A fte rw a rd s  vap o u rs  
of vo la tile  im pu rities  are  w ith d ra w n  fro m  the  o il and  the  o il is trea ted  to  separate 
solid m a te ria l fro m  it.

A . Y .  M o tt lam . U .S .P .  2,287,118, 23.6.42. A p p l. 29.4.38. Process fo r the  
rem oval of o rgan ic su lp h u r com pounds of th e  m ercap tan  ty p e  fro m  a  m in e ra l o il 
boiling in  th e  range 100-700° F .  T h e  o il is tre a te d  w ith  an  aqueous so lu tion  of an  
a liphatic  am ino  a lcoh o l a t  a tm ospheric  pressure an d  a t  a  tem pera tu re  b etw een  60 ° 
and 85° F .

A . J .  M ue lle r. U .S .P .  2,287,119, 23.6.42. A p p l. 2.2.39. M e th o d  of rem o v in g  
soluble im pu rities  fro m  a  h yd ro ca rb o n  p ro d u c t w h ich  in vo lves  b ring ing  i t  in to  co n tact 
w ith  a  so lid  adsorbent. T h e  adsorben t is w e tte d  w ith  su b s tan tia lly  p u re  low- 
m olecular-weight a lip h a tic  a lcohol.

L e  R .  G . S to ry .  U .S .P .  2,288,754, 7.7.42. A p p l. 23.6.34. M e th o d  of in h ib itin g  
gum fo rm atio n  in  cracked  h yd ro ca rb o n  d is tilla tes  b y  th e  ad d it io n  o f 0 0 1- 0 -1 %  of 
a-naphthol.

W .  H .  Sow ers. U .S . P .  2,288,853, 7.7.42. A p p l. 15.5.39. Process o f co n cen tra tin g  
the arom atic con ten t o f h yd ro ca rb o n  d is tilla te  w h ich  is co m p le te ly  m iscib le  w ith  
liqu id  su lphu r d iox ide. T h e  d is tilla te  is ex tra cted  a t  tem pera tu res b e lo w  th e  freezing 
point of w a te r  w ith  a  so lven t com pris ing  su lp hu r d iox ide, a lcoho l, an d  w a te r . A f te r 
wards the so lven t is rem o ved  fro m  the  d is tilla te .

G. Eglcrff. U .S . P .  2,291,885, 4.8.42. A p p l. 21.8.40. C onvers ion  of h yd ro ca rb o n  
oil b y  subjecting  i t  to  desu lphuriz ing  cond itions in  th e  presence of a  desu lphuriz ing  
cata lyst and  hyd rogen . I n  th is  w a y  are fo rm ed  hyd ro gen  su lph ide  fro m  su lp hu r 
compounds and  a su b s tan tia lly  su lphur-free oil.
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D . L .  Cam pbell. U .S .P .  2,293,241, 18.8.42. A p p l. 22.6.40. Process fo r the 
segregation of h yd rocarb on  constituents con ta in ing  th ree  and  less hyd rocarb on  atoms 
in  the  m olecule from  hyd ro carb o n  constituen ts  co n ta in ing  fo u r an d  m ore carbon 
atom s in  the  m olecule, and  also for the  segregation o f a  gas stream  comprising 
hyd rogen  from  feed-gas m ix tu res con ta in ing  th e  same.

X,. L .  L o ve ll.  U .S .P .  2,293,395, 18.8.42. A p p l. 18.8.41. Im p ro ve d  process of 
sweetening sour hyd ro carb o n  o il con ta in ing  m ercap tan s b y  trea tm en t w ith  a  copper 
ca ta lys t. I n  th is w a y  m ercaptans are  con verted  to  d isu lphides.

W .  B .  Chenau lt. U .S .P .  2,293,591, 18.8.42. A p p l. 18.8.39. M e th od  of treating 
ac id  raffinates from  so lven t ex tra ction  processes us ing  a  so lven t b lend  contain ing 
su lphuric acid . T h e  ac id  ra ff in a te 'is  a lm ost co m p le te ly  neu tra lized  b y  m eans of an 
absorp tive  earth , and  the  so lvent is th e n  s tripp ed  fro m  the  neu tra lized  raffinate. 
Subsequently  the o il con ten t of the  raffinate  is deco lorized  b y  co n tact w ith  fresh 
adsorp tive  earth .

E .  A .  Ocon. U .S .P .  2,294,126, 25.8.42. A p p l. 12.9.38. P rocess fo r d istilling  and 
fractionating  a  crude petro leum  o il in  hea t exchange w ith  heat- treated  hydrocarbon 
p roducts undergoing fractionation .

C. G . G erho ld  and  B .  J .  F lo ck . U .S .P .  2,294,547, 1.9.42. A p p l. 10.10.38. P ro 
cess for the  reco very  of a  no rm a lly  gaseous fra c t io n  r ich  in  po lym erizab le  olefins from 
the  m ix tu re  of vapours and  gases produced  in  th e  convers ion  of hyd rocarbons.

H .  B .  M .

Metering.
1001.* Technique of Precision Control in Refining Processes. R .  B .  W e re y . Petrol. 
Engr, M a y  1942, 13 (8 ), 86.— T h e  dem and  fo r increased  o u tp u t, th e  shortage of skilled 
labour, and  the  need for p roducing  m ate ria ls  of g rea te r p u r it y  are  fac tors  which 
have  led  to increased necessity fo r m ore precise au to m a tic  con tro l. Im provem ents 
in  design of p lan ts  resu lting  in  reduced  stored  h ea t capacities  and  increased  therm al 
potentia ls  emphasize th is need, b u t accen tuate  the  d ifficu lties o f con tro l. T h e  effects 
of process conditions, such as m ass o r ca p a c ity  of system , th e rm a l p o te n tia l used in 
heating  and  cooling, co n d u c t iv ity  of m ate ria ls  used in  hea t- transfer equ ipm ent and 
other factors, on  the  tim e  lag  o r in te rv a l b etw een  change in  cond itions and  the 
corresponding effect on the  recorder or co n tro lle r a re  discussed. P ro p e r  ad justm ent 
of controllers is accom plised b y  synchron iz ing  the  ra te  of h ea t in p u t w ith  the  rate  of 
heat absorption, so th a t  a  ra te  of au tom atic ' reset as w e ll as a  th ro tt lin g  range 
ad justm ent is an  essential p a rt  of an  efficient con tro lle r.

Specia l consideration is g iven  to con tro l of fra c t io n a tin g  co lum ns designed to 
separate re la t iv e ly  p ure  p roducts from  a  v a r ie ty  of feed-stocks. W h i ls t  the  degree 
of perfection  a tta in ed  in  the  con tro l of th e  to w e r tem p era tu re  is th e  cr ite rion  for 
determ in ing  the  effectiveness of the  en tire  co n tro l system , m in im iz in g  the  rates of 
change of o ther con tro llab le  va riab les  g re a tly  sim plifies th e  p rob lem  of con tro l. The 
ac tua l position  of the  sensitive  e lem ent of the  tem p era tu re  co n tro lle r fo r m ost efficient 
con tro l fo r the  separation  desired m ust be determ ined  ex p e rim en ta lly , b u t fitting  of 
several therm ocouple w ells in  the  reg ion selected is desirab le, so th a t  sh ift ing  of the 
couple can be accom plished  w h ils t  the  u n it  is in  operation . In t ro d u c t io n  of a  mixing 
vessel in  the  line  to  iron  ou t m a jo r v a r ia t io n s  in  feed com pos ition  m a y  be necessary 
in  some cases. V a r ia t io n s  in  m ain-line steam  pressure m a y  be co n tro lled  b y  inter
locking  the tow er-tem perature con tro lle r w ith  a  ra te  of flow  co n tro lle r on  the  steam 
line to reboiler.

Contro l of to w er pressure can  be ob ta in ed  in  severa l w ays . W h e re  cooling water 
flow  is th ro ttled , it  is desirab le to  in te rlo ck  a  ra te  o f flow  co n tro lle r in  th e  w a ter line 
w ith  the  pressure con tro lle r to  e lim ina te  the  effect o f changes in  w a te r  ra te  due to 
changes in  pressure d iffe ren tia l across the  co n tro l v a lv e . T h e  im p o rtan ce  of rate of 
feed con tro l is stressed. T h e  B ro w n  system  of co n tro l of fra c t io n a tin g  colum ns for 
p roduction  of cu ts of na rro w  bo iling  range is illu s tra ted . R .  A . E .
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Chemistry and Physics of Hydrocarbons.
1002.* Cetane Numbers and Physical Properties of Normal Alkyl Benzenes and Other 
Hydrocarbons. P a r t  II I . Evaluation of «-Alkyl Benzenes and Certain Related Hydro
carbons as Diesel Fuels. T . Y .  J u ,  C. E .  W o o d , an d  F .  H .  G a m e r. ./. Inst. Petrol., 
August 1942, 28 (224), 159-171.— T h e  cetane num bers o f w-dodeeyl benzene and  
n-tetradodeeyl benzene w ere  fo un d  to  be 68 an d  72, resp ective ly . T h e  b lend ing  
curves fo r these tw o  n - a lk y la ted  benzenes w ith  low-standard-reference fu e l are 
straight lines.

The  b lend ing  cetane num bers o f th ree  d ip h e n y l hom ologues w ere o b ta ined  b y  
in terpo lation  o r ex tra p o la t io n  fro m  b lends w ith  high-standard  diesel reference fu e l : 
the b lending cu rves are  no t lin ear. T h e  cetane n u m b er of m -diisopropyl benzene is 
too low  to  be ru n  s tra ig h t in  th e  engine. T h e  b lend ing  cetane n u m b er of the  
unblended hyd ro carb o n  as o b ta in ed  b y  e x trap o la tio n  is — 1 2 .

A  sum m ary  is g iven  of b lend ing  ce tane  num bers o b ta in ed  in  th e  p resent w o rk  and  
of those p rev io u s ly  pub lished  in  the  lite ra tu re , and , w h ile  th e  d a ta  are  incom plete , 
they ind icate  th a t  the  h yd ro carb o ns  w ith  a  co m p act o r h ig h ly  b ranched  s tru ctu re  
tend to have  lo w  cetane  num bers. T h e re  is th u s  a  general s im ila r ity  ex isting  betw een  
octane num b er an d  cetane num ber, in  th a t  th e  ty p e  o f s tru ctu re  w h ich  g ives a  h igh  
octane num b er also g ives a  lo w  ce tane num ber. A . H .  N .

1003. Patent on Chemistry and Physics of Hydrocarbons. Sh e ll D eve lo p m en t Co. 
E . P .  546,148, 30.6.42. A p p l. 31.1.41. Process fo r tran sfe rring  com ponents from  
the ir so lution in  one phase to  an o th er phase w h ich  is su b s tan tia lly  im m iscib le  w ith  
the first phase. A s  an  exam ple  o f th e  process, th e  ex tra c tio n  o f m ercap tan s fro m  
hydrocarbon oils w ith  aqueous so lu tions o f caustic  a lk a li is g iven . I n  th e  f irs t p lace, 
the so lution is fra c t io n a te d  to  p roduce  a t  least tw o  frac tion s  co n ta in ing  p ortions of 
extractab le  com ponents, the  frac tion s h a v in g  d iffe ren t degrees of ease of transference 
towards th e  so lven t. T h e  so lven t is th e n  flow ed  th ro u g h  an  ex tra c tio n  zone and  
w ith d raw n  fro m  it .  A t  d ifferen t po in ts  in  the  d ire c tio n  of flow  of the  so lven t are  
introduced the  frac tion s in  o rder o f decreasing  ease of transference  o f th e ir  solutes to 
he extracted . These  are  th e n  flow ed  th ro u g h  a t  least p a r t  o f th e  zone in  counter- 
current to  the  so lven t. F in a l ly  th e  frac tion s  are  com b ined  in  th e  zone an d  w ith 
d raw n. H .  B .  M .

Motor Fuels.
1004. Patents on Motor Fuel. S ta n d a rd  O il D eve lo p m en t Co. E . P .  546,406, 13.7.42. 
App l. 19.4.40. P ro d u c tio n  o f n o rm a lly  liq u id  sa tu ra ted  hyd ro carb o ns  su itab le  fo r 
use as a m o to r fuel b y  th e  a lk y la t io n  of sa tu ra ted  hyd ro cab on s co n ta in ing  a t  least 
one te r t ia ry  ca rbo n  a to m  p er m olecu le , w ith  mono-olefines. T h e  process in vo lve s  
the use of a  c a ta ly s t  consisting  o f w a te r  sa tu ra ted  w ith  boron  triflu o rid e . T h e  
m ixtu re  to be tre a te d  con ta in s an  excess of e thy len e  o ve r th e  equ im o la r q uan tities  
of olefin and  sa tu ra ted  hyd rocarb ons.

Texaco  D eve lo p m en t Corp. E . P .  546,640, 23.7.42. A p p l. 10.10.40. P re p a ra t io n  
of a  m o tor fue l consisting  essen tia lly  of a  b lend  o f su b stan tia l p o rtions o f a ro m atic  
hydrocarbons w ith in  the  gasoline b o ilin g  range an d  a  sa tu ra ted  p araffin ic  h yd ro ca rb o n  
fraction  o f co m p a ra tive ly  b road  gasoline b o iling  range. T h e  fu e l consists essen tia lly  
of iaoparaffinic hyd ro carb o ns  an d  a  m in o r p ro p o rtio n  of sa tu ra ted  C 3 and  C 5 paraffin ic  
hydrocarbons, an d  is su b s tan tia lly  free fro m  n o rm a l p ara ffin  h yd ro carb o ns  of h igher 
m olecular w e igh t th a n  n o rm a l pen tane . T h e  b lend ing  octane  num b er b y  the  C .F .R .M .  
m ethod of a  5 0 %  b lend  of benzene w ith  th e  sa tu ra ted  p ara ffin ic  com ponents o f the  
fuel is a t  least 93-8.

R .  P .  F raze r. E . P .  547,029, 11.8.42. A p p l. 16.10.40. M e th o d  of p rep arin g  a 
pum pable and  h ig h ly  stab le  com bustib le  m ix tu re  o f l iq u id  and  p u lve rized  coal. T h e  
coal is reduced to a  sta te  of fineness such th a t  10 0 %  w il l  pass th ro u g h  a  screen of 
300 mesh, and  it  is th e n  com pourided  w ith  a  v iscous m in e ra l o il an d  a  su b stan tia l 
proportion of a  liq u id  of coal-tar d is t illa te  orig in , e.g., one co n ta in ing  cresol and/or 
indene and/or p yrid in e .
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Stand ard  O il D eve lopm ent Co. E . P .  547,077, 12.8.42. A p p l. 27.3.41. P ro d uc
tion  of a m otor fuel consisting of a  hyd ro carb o n  fuel base adap ted  for spark ignition 
engines, b lended w ith  a t  least 2 %  of an  V - a lk y la te d  a ro m atic  am ine contain ing an 
oxygenated a lip h a tic  substituen t group in  the  a ro m atic  nucleus.

W .  J .  Backo ff, N . D . W ill ia m s , J .  F .  O ’Lo u g h lin , and  H .  L .  M o ir. U .S .P .  2,284,080,
26.5.42. A p p l. 6.10.38. P re p a ra tio n  of a com position  for use as a  gum  solvent and 
consisting of 5 0 -90%  of refined m inera l o il bo iling  ab ove  the  bo iling  range of kerosene 
and  50-10%  of a  m ix tu re  of esters of p h th a lic  an d  benzoic acids boiling above 
350° F .

L .  C. K e m p . U .S .P .  2,286,814, 16.9.42. A p p l. 28.10.39. Process for the m anu
facture  of high-anti-knoclc m otor-fuel hyd rocarbons. T h e  process includes eata- 
ly t ic a lly  converting  a m ix tu re  of carbon  m onox ide an d  hyd ro gen  to  a  synthetic 
hydrocarbon m ix tu re  composed m a in ly  of hyd ro carb o ns h a v in g  fro m  1  to 10  carbon 
atom s per m olecule, the  C 3-C 4 fra c tio n  of w h ich  consists essen tia lly  of aliphatic 
hydrocarbons composed la rg e ly  of olefins an d  re la t iv e ly  free from  ¿sobutylene. From  
th is synthetic m ix tu re  is separated  a  frac tio n  r ich  in  n o rm a l b u tane  and  another 
fraction  rich  in  no rm a l butylenes. T h e  butane-rich  fra c t io n  is sub jected  to  isomeriza
tion  to fo rm  fsobutane, w h ich  la tte r  is sep ara te ly  reac ted  w ith  th e  butylene-rich 
fraction  b y  con tact w ith  an  a lk y la t io n  ca ta ly s t  to  p roduce n o rm a lly  liq u id  saturated 
hydrocarbons h av in g  a  h igh  anti-knock va lu e  an d  bo iling  w ith in  the  motor-fuel 
range.

T . H .  Rogers and  V .  Vorhees. U .S .P .  2,287,359, 23.6.42. A p p l. 20.8.30. Method 
of preserving a  cracked  hyd rocarb on  d is tilla te  w h ich  tends to  d eterio rate  and  develop 
gum on storage. In co rp o ra ted  in  the  d is tilla te  is a  tra ce  of n ap h th o l, less than  1 % , 
b ut sufficient su bstan tia lly  to re ta rd  such deterio ration .

A . B .  Hersberger. U .S .P .  2,287,736, 23.6.42. A p p l. 16.5.39. Sep ara tio n  of an 
o il w h ich  contains p araffin ic and  naph then ic  hyd ro carb o ns  in to  frac tion s respectively 
more paraffin ic and  m ore naph then ic  th a n  th e  o rig ina l o il b y  ex tracting  w ith  a 
so lvent consisting of m orpho line an d  a  low er a lip h a tic  a lcohol.

E .  L .  D ’O u ville . U .S .P .  2,288,875, 7.7.42. A p p l. 30.12.39. Process of convert
ing hyd rocarbon  oils w h ich  com prises co n tacting  th e  oils w ith  a  ca ta ly s t  prepared by 
the gelation of b last-furnace slag w ith  an  ac id  w h ere in  the  slag is p a r t ly  dissolved, 
washing, d ry ing , and  ign iting  the resu ltan t gel.

A . J .  V a n  Pesk i. U .S .P .  2,289,605, 14.7.42. A p p l. 9.5.39. P ro d u c tio n  of a 
m otor fuel com prising a  gasoline-type m o to r fu e l an d  a sm a ll am o un t of a knock 
suppressor consisting of a com pound com bin ing  a  m e ta l h a v in g  a n  a to m ic number 
from  26 to 29 inclusive, w ith  an  organic com ponent, h a v in g  a  basic structu re  which 
contains an  atom  com b ination  selected from  the  g roup  consisting  of N  =  C — N  — 
C =  O and  N  =  C — N — C — N , o r th e ir  tan tom eters , th e  s tru ctu re  conta in ing  at 
least tw o  double bonds.

R .  F .  M arschner. U .S .P .  2,289,716, 14.7.42. A p p l. 19.10.39. M e th o d  of lowering 
the  ac id  h ea t o f c a ta ly t ic a lly  cracked  gasoline w ith o u t  u n d u ly  im p a ir in g  its  octane 
num ber and  te tra e th y l lead  response. T h e  gasoline is fra c t io n a te d  in to  a light 
frac tion  h av ing  an  end-point of 150-250° F .  an d  a h e a v y  frac tion . T h e  lig h t fraction 
is hydrogenated  to  effect a t  least 2 0 %  satu ra tion , b u t no t m ore  th a n  9 0 %  saturation 
of the olefins con ta ined  there in . F in a lly  th e  p a r t ly  h yd ro g en ated  lig h t fraction is 
b lended w ith  the  unhyd rogenated  h e a v y  fraction .

C. L .  Thom as. U .S .P .  2,292,677, 11.8.42. A p p l. 17.5.39. Process in vo lv in g  con
tac t of a  hyd rocarb on  d is tilla te  w ith  a  crack in g  c a ta ly s t  un d e r c a ta ly t ic  cracking 
conditions and  separating  the  gas an d  gasoline. T h e  gasoline is separated  into a 
low- and  a high-boiling fraction , and  th e  gaseous p rod ucts  are separated  in to  a p lurality 
of fractions. One of these com prises essen tia lly  h yd ro gen  and  uncondensable  hydro
carbon gases, and  another a  fra c tio n  consisting  essen tia lly  of C 3 an d  C 4 hydrocarbons. 
C 3 and  C 4 olefins are  c a ta ly t ic a lly  po lym erized , and  those p o lym ers  boiling  within
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the gasoline boiling  range are  com b ined  w ith  the  low -boiling gasoline frac tio n  from  
the crack ing  operation . T h e  m ix tu re  is co n tacted  w ith  a  h yd ro g en a tio n  ca ta ly s t  
and the hyd rogenation  p rod u ct recovered . A fte rw a rd s  i t  is b lended w ith  the  high- 
boiling gasoline fra c t io n  fro m  th e  crack in g  operation .

J .  M . M a v ity .  U .S . P .  2,292,708, 11.8.42. A p p l. 31.10.40. Process fo r  ca ta lytic-  
a lly  converting  h yd ro ca rb o n  o il in to  h ig h  an ti-knock gasoline. D isposed  in  the  o il 
is an  a lk y l silicate  an d  a  m e ta l a lko x id e  capab le  o f reac tin g  w ith  the  a lk y l  s ilica te  to 
form  a conversion c a ta ly s t  in situ. T h e  h yd ro ca rb o n  o il m ix tu re  is sub jected  to 
ca ta ly tic  conversion to  p roduce a  su b stan tia l y ie ld  of gasoline.

P . J .  H a rr in g to n . U .S . P .  2,293,205, 18.8.42. A p p l. 16.9.39. P ro d u c tio n  of m o tor 
fuel from  a  petro leum  o il bo iling  b e lo w  420° F .  T h e  fuel has a  h ig h  octane  num b er 
and a h igh su scep tib ility  fo r knock-suppressing agents. T h e  o il has a  su lp hu r co n 
tent of less th a n  0-1 % ,  an d  is o f a  ch a ra c te r w h ich  cou ld  n o rm a lly  be desulphurized  
b y  baux ite  trea tm en t. 0 1 - 0 - 5 %  of free su lp h u r is added  to  th e  o il, w h ich  is then  
passed ove r a  b au x ite  ca ta ly s t . T em p era tu re  an d  pressure are  so con tro lled  th a t  
substan tia lly  no crack in g  o f th e  o il occurs. H .  B .  M .

Gas, Diesel, and Fuel Oils.
1005. Patent on Gas, Diesel and Fuel Oils. S. H .  H u ls e  and  J .  O . Co llins. U .S .P .  
2,288,401, 30.6.42. A p p l. 28.3,40. M e th o d  fo r  im p ro v in g  sour D iesel-fuel p etro leum  
distilla tes w h ich  in vo lve s  add ing  there to  d is tilla te  o il con ta in ing  a t  least 10  m g. of 
m ercaptan su lp hu r p er 100  m l. o f o il, lead  su lphide, an  a lk a li, an d  re a c tive  su lphur. 
The reac tive  su lp hu r is added  in  a  p ro p o rtio n  to  fo rm , b y  reac tio n  w ith  th e  mer- 
captans, stab ilized  organ ic com pounds co n ta in ing  fro m  20 to  ab o u t 200 m g. of a c t iv e  
sulphur p er 100 m l. o f the  oil. H .  B .  M .

Lubricants and Lubrication.
1006.* Changing Concepts of Petroleum Lubricants. J .  W .  Po o le . Petrol. Engr, M a y  
1942, 13 (8 ), 140-145.— I t  is n o w  becom ing m ore w id e ly  recognized th a t  o n ly  engine 
perform ance can  be depended on as a  c r ite rio n  o f lub rican ts . I n  the  past, research 
was, genera lly  speaking, m ore  concerned  w ith  find ing  m ore exact or fefficient w a ys  of 
meeting tra d it io n a l specifications. These  specifications are s t ill  used in  th e  m a jo r ity  
of cases, and  tests are  m ade fo r, an d  oils jud ged  b y  g ra v ity ,  flash p o in t, fire test, 
viscosity, v isco s ity  index, p ou r p o in t, co lour, n eu tra liz a tio n  num ber, Conradson 
carbon, un su lp hona ted  residue, corrosion, su lp hu r con ten t, o x id a tio n  tests, and  
emulsion tests.

E a c h  test m ethod  is rev iew ed , and  its  significance and  lim ita tio n s  com m ented  on, 
w ith  approp ria te  lite ra tu re  references. M a n y  are usefu l fo r p lan t-con tro l purposes, 
but from  the  service  p o in t  of v ie w  the  significance o ften  a tta ch e d  to  th e m  is no t 
justified  b y  the  ev idence  n o w  ava ilab le , an d  deductions m ade fro m  th e  resu lts of 
such tests are som etim es m islead ing . E v e n  w h e n  considered co llec tive ly , co n ve n 
tional specifications based on  these lab o ra to ry  d eterm ina tions are  inadequate , since 
they  p rov id e  no ce rta in  assurance th a t  o ils co m p ly ing  w ith  them  w il l  g ive  th e ' best, 
or even sa tis facto ry  service  perform ance. R .  A . E .

1007. Oil Dermatitis. A n o n . Chem. Tr. J . ,  26.6.42, 110, 662.— T h e  M a y  issue of 
the Industrial Accident Prevention Bulletin  of th e  R o y a l  S o c ie ty  fo r th e  P re v e n t io n  of 
Accidents discusses the  va lu e  o f ad d ing  an tisep tics  to  cu tt in g  oils to  reduce d erm atitis . 
The usefulness o f an tisep tics  is considered  debatab le , a lth o u g h  o ils can  co n ta in  
appreciable q uan tities  o f b acte ria . D e rm a tit is  is p r im a r ily  caused  b y  d ir ty  o il 
blocking the  pores of th e  sk in , tho u gh  m in u te  p a rt ic le s  of m e ta l an d  th e  presence of 
any  free a lk a li ag g rava te  cond itions. B u l le t in  N o . 2 of th e  D . S . I . R .  en tit le d  “  M e m o 
randum  on C u ttin g  L u b r ic a n ts  and  Cooling  L iq u id s  an d  on  S k in  D iseases P ro d u ced  
by Cu tting  L u b r ic a n ts ,”  states th a t  the  ad d it io n  of an tisep tics— e.g., 1 - 2 %  carbo lic  
acid, to lub rican ts  and  of 0 -5 %  of w ater-solub le d is in fectan ts  to cu tt in g  em ulsions—  
has not g iven  a ltoge th er sa tis fa c to ry  resu lts an d  cann o t be re lied  up on  to  p reven t



/
skin rashes. T he  A m erican  M u tu a l In su ran ce  Co. a t  one tim e  advocated  2 %  of 
parafo rm aldehyde or 5 oz. of phenol to e ve ry  5 gal. o f o il. C om m ercia l d isinfectants 
are sold for use w ith  cu ttin g  oils, or are  added  to  the  o ils d uring  m anufacture  but 
the ad d ition  of an tisep tics is less com m on n o w ad a ys  in  th e  U .S .A .  C. L .  G.

1008. Patents on Lubricants and Lubrication. J .  E .  S ch o tt. U .S .P .  2.281,623,
5.5.42. A pp l. 30.7.41. P rep a ra tio n  of a su b stan tia lly  liq u id  and  non-stringy lubricating 
o il for intem al-com bustion engines operating  a t  h ig h  susta ined  speeds and  under severe 
conditions of tem perature and  pressure such as m a y  be encountered  in  Diesel-engine 
lubrication . T he  com position consists of a  m in e ra l lu b r ic a t in g  o il com pounded and 
heated w ith  sm all am ounts of an  a lum in iu m  soap o f a  sa tu ra ted  f a t t y  acid  and a 
com pound selected from  the  class consisting of g lyco l mono-ethers and  di-glycol 
mono-ethers in  such proportions th a t  the  v isco s ity  of the  o il is no t m a te r ia lly  increased.

U .  B .  B r a y .  U .S .P .  2,281,824, 5.5.42. A p p l. 22.9.42. M a n u fa c tu re  of a lubri
cating o il contain ing  a  re la tive ly  sm all p rop o rtio n  o f an  a lka line-earth  m eta l soap of 
a saponifiable organic ac id  to  overcom e the  deposition  of resinous and  vamish-like 
m ateria ls in  severe service in ternal-com bustion engines. T h e  com position  also con
ta ins a  sm all q u an tity  of an oil-soluble a lka line-earth  m e ta l com pound  of a thio- 
phenolic d e riva tive  to overcom e co rrosive  cond itions deve loped  in  the  oil. The 
added constituents do no t m a te r ia lly  increase th e  v is co s ity  o f th e  o rig ina l lubri
cating  oil.

E .  L ieber. U .S .P .  2,281,942, 5.5.42. A p p l. 20.5.38. P re p a ra t io n  of an  addition 
agent for lub ricating  oils. A  pheno lic ester of a  f a t t y  a c id  h a v in g  a  ch a in  of a t least 
10 carbon atom s is heated  w ith  a  F r ie d e l-C ra fts  c a ta ly s t  a t  a  tem pera tu re  of a t least 
250° F .  fo r a  s u f f ic ie n t ,  length of tim e  to effect m o lecu la r rea rrang em en t of the  ester. 
H ea ting  of the  resu ltan t reaction  m ix tu re  is con tinued  u n t i l  th e  ester is substantially 
polym erized into  higher-m olecular-weight com pounds. A fte rw a rd s  an  oil-soluble 
organic p roduct of h igh  boiling  p o in t is separated  fro m  these higher-molecular-weight 
compounds.

E .  R .  B a rn a rd . U .S .P .  2,282,599, 12.5.42. A p p l. 17.11.37. P reven tio n  of 
“  feathering  ”  of p iston  rings in  high-speed D iese l engines w h ile  such  rings are coated 
w ith  a  film  of syn th e tic  h yd ro carb o n  lu b rica tin g  o il p roduced  b y  th e  ca ta ly t ic  poly
m erization of liq u id  isobuty lene a t  a  tem pera tu re  betw een  0 an d  100° F .  0-001-0-2% 
of a  substance selected from  th e  class consisting  o f th e  oil-soluble compounds of 
oxygen, su lphur, phosphorus, and  ch lorine  is d isso lved  in  the  lu b r ica tin g  oil.

B .  T . B rooks. U .S .P .  2,284,258, 26.5.42. A p p l. 18.3.37. P re p a ra t io n  of a lubri
cant consisting o f a  m inera l lu b rica tin g  o il an d  a  sm all am o un t of a n  oleone.

Texaco D eve lopm ent Corp. E . P .  547,286, 21.8.42. A p p l.  15.2.40. Preparation 
of a lub ricating  o il fo r the  bearing  surfaces of an  in tem al-com bustion  engine. The 
lub rican t consists of a m inera l o il h a v in g  incorp o rated  in  i t  0-0 1- 2 -0 %  b y  weight of a 
corrosion-inhibiting com pound consisting of a  tr i-a licyc lic  ester o f phosphorous acid 
in  w h ich  the  a licyc lic  rad ica ls are  selected fro m  th e  g roup  consisting  of cyclohexyl 
and  alkyl-, aryl-, and  ara lky l-substitu ted  cj/c/ohexyl rad ica ls.

G . E .  M erkle . U .S .P .  2,285,452, 9.6.42. A p p l. 26.2.40. M a n u fa c tu re  of a lubri
can t of the  class consisting of o il an d  grease bases and  co n ta in ing  d ispersed therein 
3 J- 1 5 %  b y  w e ight of unsaponified basic lead  carbonate .

G . E .  M erk le . U .S .P .  2,285,453, 9.6.42. A p p l. 9.4.40. P re p a ra t io n  of a lubricant 
contain ing, as a  wear-reducing agent, fine ly  d iv id ed  t ita n iu m  d iox ide  up  to 10 | %  
b y  weight.

G . E .  M erkle . U .S .P .  2,285,739, 9.6.42. A p p l. 9.5.40. P re p a ra t io n  of a  lubricant 
w h ich  contains fine ly  d iv id ed  zinc su lphide dispersed th e re in  an d  is characterized  by 
its  freedom from  ingredients w h ich  w o u ld  cause progressive ab ras ion  ac tio n  on the 
wearing surfaces to w h ich  it is applied.

E .  L ieber. U .S .P .  2,287,110, 23.6.42. A p p l. 29.12.38. M a n u fa c tu re  of a lubri
cant consisting of a w a x y  hyd rocarb on  o il and  a  condensation  p ro d u c t of a  ketone 
ia\ mg carbocyc lic  and open-cliain a lip h a t ic  rad ica ls  o f  a t least 6 ca rbo n  atom s with 

a short-chain d ihalo  a lip h a tic  h yd rocarb on  of 1 to  5 ca rbo n  atom s.

436 A  A B S T R A C T S .
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M . P ie r  and  F .  C h ris tm a im . U .S .P .  2,287,901, 30.6.42. A p p l. 17.4.33. P re p a ra 
tion of a  lub rican t consisting  o f a  v iscous h yd ro ca rb o n  co n ta in ing  a  w a x y  d is tilla tio n  
residue of a p rod uct p repared  b y  the  condensation  o f an  ac id  ch lo ride  of a  ca rb o x y lic  
acid hav ing  a  m o lecu lar w e ig h t o f m ore th a n  200 .

B .  H .  L in co ln . U . S . P .  2,288,288, 30.6.42. A p p l. 26.8.38. P re p a ra t io n  of a 
lub rican t consisting o f a  m a jo r  p ro p o rtio n  of an  o il o f lu b r ica tin g  v isco s ity  and  a 
m i n o r  p roportion  of d ith y la rsen ic  p h e n y l stearate .

B .  H .  L in co ln , G . D . B y r k i t ,  an d  W .  L .  S te in er. U .S .P .  2,288,289, 30.6.42. A p p l.
17.4.40. P re p a ra tio n  of a  lu b r ic an t consisting  o f a  m a jo r p o rtio n  of an  o il o f lu b r i
cating v isco s ity  and  a sm all am o u n t of a  stan n ic  sa lt of an  organic a c id  b earing  a t  
least one aro m atic  ring .

W .  M . M aliso ff. U .S .P .  2,289,509, 14.7.42. A p p l.  1.11.33. P ro d u c tio n  of a 
lub rican t consisting of a  v iscous h yd ro ca rb o n  o il and  a  ha logenated  ester of a  p h o s 
phorus acid.

A . Bee rtyrw er an d  A .  J .  M o rw a y . U .S .P .  2,289,748, 14.7.42. A p p l. 18.2.39. 
P rep aration  of an  im p ro ved  grease com pos ition  consisting of 5—5 0 %  o f soda soap in  
m ineral lu b r ica tin g  o il, a  s ligh t excess of a c id  and , as an  inh ib it,or of o x id ation , a 
small am ount of gua iaco l.

J .  G . M cN a b . U .S .P .  2,289,795, 14.7.42. A p p l. 1.9.39. P re p a ra t io n  o f a  lu b r i
cating com position consisting  of a  m in e ra l lu b r ic a t in g  o il an d  sm all am ounts o f p o ly 
va len t m e ta l sa lts selected fro m  each  o f th e  groups consisting  of a lu m in iu m  and  
alkaline-earth m e ta l salts. T h e  to ta l am oun ts of these salts is 0 1 —3-5%  b y  w e ig h t 
of the oil, an d  th e  am o u n t o f each  ty p e  o f m e ta l sa lt is a t  least one-tenth of th e  to ta l 
metal sa lt present.

R .  E .  B u rk .  U . S .P .  2,290,032, 14.7.42. A p p l. 21.4.39. M a n u fa c tu re  of a  lu b r i
cating com position  consisting  o f a  lu b r ic a t in g  o il h a v in g  co llo id a lly  d ispersed the re in  
an iron  com pound  fro m  th e  group consisting  o f oxides an d  su lphides. T h e  iro n  
compound is p resent in  re la t iv e ly  sm all b u t su fficient am o un t to  im p ro ve  th e  extrem e 
pressure p roperties of th e  o il.

E .  W .  Cook. U . S .P .  2,290,316, 21.7.42. A p p l. 21.1.41. P re p a ra t io n  of a  lu b r i
cant consisting o f a  m a jo r p ro p o rtio n  of a  m in e ra l lu b r ic a t in g  o il and  a  m in o r p ro 
portion of a  su lphurized  a ld eh yd e  am ine.

S. P .  W a u g h . U .S .P .  2,291,066, 28.7.42. A p p l. 10.1.41. M a n u fa c tu re  of a  lu b r i
cant su itab le  fo r use in  m e ta l w o rk in g  operations an d  consisting  of a stab le  aqueous 
emulsion con ta in ing  m in era l o il, a  saponified  com ponent d erived  fro m  th e  fa t t y  a c id  
m ixture ob ta in ab le  fro m  p a lin  oil, an d  a phosphorus-conta in ing  substance e ffective  
to increase the  load-carry ing  c a p a c ity  o f the  com position.

O. L .  M aag . U .S .P .  2,291,166, 28.7.42. A p p l. 7.1.39. P re p a ra t io n  o f a  lu b r i
cating com position co n ta in ing  a  m a jo r  p rop o rtio n  of a lu b r ica tin g  o il an d  u p  to  1 0 %  
of a fluo rinated  m em ber of the  p araffin  series h e a v ie r  th a n  m ethane.

A . J .  M o rw ay . U .S . P .  2,291,404, 28.7.42. A p p l. 24.12.36. P re p a ra t io n  o f a 
lub ricating  com position  consisting  o f a lu b r ic a t in g  o il and  a su lphu rized  isobu ty lene  
polym er h a v in g  a  m o lecu la r w e ig h t ab o ve  100 0 .

F .  M . M  atk ins . U .S . P .  2,292,308, 4.8.42. A p p l. 11.10.40. P re p a ra t io n  of a  
lub rican t consisting o f a  p etro leum  lu b ric a t in g  o il an d  a  m e ta l sa lt o f an  a lk y l  m ono 
ester of an  a lkeny l-substitu ted  succ in ic ac id . T h e  m e ta l is selected fro m  the  group 
consisting o f ca lc ium , a lu m in iu m , b arium , cadm ium , ch rom ium , m agnesium , n icke l, 
tin , and  zinc.

B .  H .  L in co ln  an d  G . D . B y r k i t .  U .S . P .  2,292,456, 11.8.42. A p p l. 18.7.40. P r e 
paration of a  lu b r ic an t consisting  o f a h yd ro ca rb o n  o il an d  a m in o r p o rp o rtio n  of 
tnm ethylene- 1 -, 2 -disulphide.
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R .  A . Swenson. U .S .P .  2,292,672, 11.8.42. A p p l. 29.6.40. P re p |ra t io n  of a 
semi fluid lub rican t consisting of petro leum  o il, 2 5 -5 5 %  of b lo w n  aspha lt and  2-20%  
of high lead soap com prising the  reaction  p rod u ct o f lith a rg e  and  a fa t ty  o il of fish 
origin.

C. E .  E a r le . U .S .P .  2,293,052, 18.8.42. A p p l. 4.11.40. A  lu b rican t consisting of 
a m ineral o il, a lith iu m  soap, and  a  ca lc ium  soap. T h e  p rop o rtio n  of the  soaps is at 
least sufficient to th icken  the  o il su b stan tia lly , b u t is no t in  excess of 4 0 %  of the 
to ta l. L ith iu m  constitu tes a sufficient p rop o rtio n  of th e  added  soaps to increase the 
viscosity  of the  oil.

J .  H .  B a r t le t t .  U .S .P .  2,293,237, 18.8.42. A p p l. 29.12.39. P re p a ra tio n  of a 
lub rican t consisting of a m inera l lub rica ting  o il and  a  sm all q u a n t ity  of a  compound 
of the form ula :

R "

in  w h ich  R  . R '  and  R "  are selected fro m  the  class consisting of h yd rogen  and  halogen 
atom s and  am ino, m ercapto , h yd ro x y l, an d  organic groups.

P .  R .  V a n  Ess . U .S .P .  2,293,419. 18.8.42. A p p l. 27.5.41. Process fo r dissolving 
in  a m inera l o il a  d ifficu ltly  soluble open sa lt com b in ing  a  p o ly va le n t  m e ta l w ith  an 
arom atic h yd ro x y  m onocarboxylic  ac id , in  w h ich  the  ca rb o x y lic  rad ic le  is directly 
a ttached  to the  arom atic  nucleus. I n  th is  w a y  is p roduced  a n  anti-ringsticking 
lub ricating  oil.

J .  F .  Nelson. U .S .P .  2,293,445, 18.8.42. A p p l. 19.11.38. A  lu b r ican t consisting 
of a h ig h ly  refined m inera l o il and  t r ite r t ia ry  b u ty l  ortho h y d ro x y  p h e n y l phosphite.

S. P .  W au g h . U .S .P .  2,294,526, 1.9.42. A p p l. 22.5.41. A  lu b r ic an t consisting 
of a hyd rocarbon  o il in  w h ich  has been d issolved  a  n e u tra l m e ta l soap of a  character 
not no rm a lly  soluble in  the  oil. So lu tio n  is ach ieved  b y  add ing  a  sufficient am ount of 
a su lphocarboxylic acid.

V . L .  R ick e tts . U .S .P .  2,294,804, 1.9.42. A p p l. 1.6.36. P ro d u c tio n  of a lubri- 
can t for m eta llic  bearing surfaces consisting of a  m in e ra l lu b r ica tin g  o il and  a small 
am ount of an  a lip h a tic  ester of phosphorous ac id  in  w h ich  each a lip h a tic  group has 
from  1 to 5 carbon atom s.

W .  J .  D . V a n  D ijc k . U .S .P .  2,294,817, 1.9.42. A p p l. 3.4.34. P re p a ra tio n  of a 
lub rican t fo r m eta llic  bearing  surfaces consisting of a  lu b r ic a t in g  o il to  w h ich  has 
been added a  sm all am oun t of a  reac tio n  p ro d u c t o f a  f a t t y  o il an d  an  oxide of 
phosphorous. H .  B .  M .

Asphalt and Bitumen.
1009. Patents on Asphalt and Bitumen. S tan d a rd  O il D eve lo p m en t Co. E .P  
547,242, 19.4.42. A p p l. 31.3.41. P ro d u c tio n  of an  aqueous em ulsion  of b itum en of 
the oil-in-water typ e  con ta in ing  a  com pound  of a  m e ta l selected fro m  the  following 
a lum in ium , tin , boron, chrom ium , zinc, m o lybdenum , an d  van ad iu m .

S tand ard  O il D eve lopm ent Co. E . P .  546,523, 17.7.42. A p p l. 27.7.40. Process 
for obtain ing  light-coloured p las tic  m ate ria ls  fro m  the  asp h a ltic  residues from  the 
d istilla tion  of petro leum  oils. T h e  residue is tre a te d  w ith  a  so lven t w h ich  dissolves 
the light-coloured b itum en alone or together w ith  o ther com ponents of the  residue.
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The solution thu s ob ta ined  is trea ted  to  rem o ve  b lack  aspha ltenes if  p resent an d  the  
rem aining so lution trea ted  w ith  a  deco loriz ing  agent. F in a l ly  the  decoloriz ing  agent 
is rem oved and  the  so lu tion  is trea ted  to  separate  the  lig h t p las tic  com ponents.

J .  M iller. U .S .P .  2,281,854, 5.5.42. A p p l. 2.8.40. A p p a ra tu s  fo r m an u fa ctu r in g  
cylind rica l containers of p aper m a te r ia l su itab le  fo r packag in g  asp ha lt.

R .  E .  B u rk . U .S .P .  2,282,703, 12.5.42. A p p l. 28.10.36. M e th o d 'o f  m a n u fa c 
turing aspha lt w h ich  in vo lves  ox id iz ing  petro leum  residuum  b y  hea tin g  and  ag ita tin g  
in exposure to  oxygen  an d  th icken in g  to  desired m e ltin g  p o in t  an d  p enetra tion . 
A fte r ox idation there  is incorpo rated  in  th e  m ix tu re  a  sm all am o un t o f a  nap h thena te  
of a m etal of the  group consisting o f coba lt, m anganese, lead, van ad iu m , and  zinc.

C. H .  W h ita c re . U .S . P .  2,286,244, 16.6.42. A p p l. 9.12.40. In co rp o ra tio n  w ith  
asphaltic m a te ria l o f sm all am oun ts  of w ood, liq u id  rosin  acids, an d  a  su lphate  o L a  
metal from  the  alum -form ing m eta ls, a lum in iu m , and  iron. ®

A . B .  H ersberger. U .S .P .  2,286,414, 16.6.42. A p p l. 5.8.39. P ro d u c tio n  o f an  
asphalt of reduced  s ta in in g  tend ency  fro m  flu x  asp ha lt. A  sm a ll q u a n t ity  of a 
substantially  w ater-inso lub le soap is added  to  th e  flux  to cause g e la tion  o f th e  exudable  
oil content. A fte rw a rd s  th e  m ix tu re  is a irb lo w n  a t  a h ig h  tem pera tu re .

R .  E .  B u r k  an d  C. H .  W h ita c re .  U .S .P .  2,287,511, 23.6.42. A p p l. 23.11.36. 
Manufacture of a sp h a lt b y  h ea tin g  to  350-400° F .  an d  th icken in g  a  petro leum  
residuum, in  the  absence o f in jected  a ir , to  a sp h a lt consistency w ith  a  sm all am o un t 
of an a lum in iu m  ch lo ride  ca ta lys t.

D . R .  W  iggflm. U .S .P .  2,289,229, 7.7.42. A p p l. 6.4.38. P re p a ra t io n  o f a  co m 
position com prising  in  hom ogeneous ad m ix tu re  a  b itu m in ou s  m a te r ia l selected fro m  
the group consisting  o f co a l ta r , p ine  ta r , g ilson ite, an d  s tea rin  p i t c h ; an d  e th y l 
cfelluiose. T h e  com pos ition  consists o f non-vo latile  substances, an d  has a  h igher 
softening p o in t and  g reater toughness th a n  the  b itum inous m ate r ia l. H .  B .  M .

Special Products.
1010. Calcium Naphthenate. A n o n . Chem. Tr. J . ,  19.6.42, 110, 634. T h e  uses of 
calcium  nap h thena te  in  the  p a in t  an d  v a m is h  industries is discussed b y  A .  M in ch  in  
the A p r il 1942 issue o f C an ad ian  C h em is try  an d  Process In d u s tr ie s . These  inc lude
(o) as bodying  agent fo r the  s low er b od y in g  oils in  va rn ish  ̂ cooking, (6) as d rie r in  
cases where p igm ent d arken ing  w h ich  w o u ld  resu lt fro m  the  use o f a  lead  sa lt, m ust 
be m inim ized, (c) as p a r t  o r com p lete  su bstitu te  fo r lead  d riers fo r use w ith  veh ic les  
which have  a  poor to le rance  fo r lead  driers, e.g., o ils co n ta in ing  sa tu ra ted  f a t t y  acids 
which p rec ip ita te  lead  driers, an d  (d) as d rie r in  co n ju n c tio n  w ith  lead  an d  co b a lt fo r 
use w ith  n a tu ra l resin  varn ishes. C. L .  G .

1011. Petroleum Resins in Paper Makers Sizes. A n o n . Chem. Tr. J . ,  26.6.42, 110, 
17. I n  the  1941 Proceedings o f th e  P a p e r  M ake rs  A ssocia tion , papers g iven  a t  a  
conference on  “  S iz ing  P ro b lem s  in  W a r- T im e  ”  in  N o ve m b e r 1941, are  inc luded . 
I t  was reported  th a t  sa tis fa cto ry  com plete rep lacem ent of ro s in  cou ld  be effected b y  
sulphurized oils (fac tis ), p a r t ic u la r ly  em ulsions of l ig h t ly  su lphurized  rap e  oil, sod ium  
stearate, and  sodium  naph thena te , an d  p a r t ia l rep lacem ent b y  th e  so fter grades of 
eoumarone resins an d  b y  petro leum  resins. O w in g  to the  d a rk  co lour o f p etro leum  
resins, they  were considered o n ly  fo r the  p rod u ctio n  o f w rap p ing  papers m ade from  
stock conta in ing  k ra f t  p ap e r an d  genera l w aste . D ifficu lties  in  em u ls ify in g  the  
petroleum resin alone w ere  overcom e b y  rep lac ing  o n ly  p a rt  of the  ro s in  b y  p etro leum  
resin and using the  sodium  ros inate  as the  d ispersing and  stab iliz ing  agent. P a p e rs  
produced w ith  petro leum  resin  sizes are  sa tis fa cto ry  as regards streng th  an d  o ther 
properties. " C . L .  G .
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1012 * D eterio ratio« of Over-Refined Insulating Oils. E .  \ \ . S te in itz . Petroleum, 
A ugust 1942. 5 (8 ), 138.— In  a  large in d u s tria l w orks, in  w h ich  oils meeting A30 
specification had been used w ith  satis faction  fo r years , sw itches com m enced to give 
off a gas of acrid  smell, and  corrosion of m e ta llic  p a rts  w as observed  six weeks after 
f i l l in g  up w ith  a  fresh b a tch  of o il m eeting  th e  sam e specification. T he  used oil in 
the  sw itches was tested and  resu lts were : a c id  N o . 3-4 m gm . K O H  p er gm., saponi
fica tion  N o . 9-3 mgm. K O H  per gm., w a te r  co n ten t 1-4% , b reakdow n  vo ltage 6500. 
T h e  cause of the troub le  w as e ven tu a lly  traced  to  in te rac tio n  betw een  the  o il and an 
insu la ting  “  fibre ”  used in  the  sw itch . S im ila r  m a te r ia l had  been used in  th is and 
other sw itches for m an y  years w ith o u t d ifficu lty . T h is  “  fibre ”  w as found to be a 
couched cardboard  con ta in ing  resins an d  ground  w ood  as w e ll as cellulose. I t  was 
porous and hygroscopic, w a te r con ten t n o rm a lly  1 5 % . F ib re  o f th is  typ e  should be 
dried and deaerated before im m ersion in  o il. T h e  present tend ency  of the  electrical 
ind ustry  to use pure cellulose p aper fo r subm ersion in  o il is in  line  w ith  the latest 
research w ork. T h e  new  o il w as found  to  be of the  over-refined ty p e  prepared  from 
a  d ifferent base and  b y  a  refin ing  process d ifferen t fro m  th a t  app lied  to previous 
supplies of A30 o il used. D iscussions on  the  need  fo r rev is ing  B .S .S .  148 have  already 
taken  p lace. T e n ta tive  conclusions reached  fro m  th e  resu lts o f the  present investi
gation are : (1) In c lu s io n  of acid-num ber d ete rm ina tio n  a fte r  o x id a tio n  is desirable. 
(2) A  second ca ta lys t, p re ferab ly  a  fibrous m ate ria l, ought perhaps to  be included 
in  a revised  sludge test. (3) Consideration  shou ld  be g iven  to  the  base of the oil in 
selecting a r e f i n i n g  m ethod  fo r insu la ting  oils. (4) A t  a  la te r  stage some references 
to preferred bases an d  r e f i n i n g  m ethods an d  the  m ost desirab le com position of the 
finished p roduct m ight be inc luded  in  the  specification. R .  A . E .

1013.* “  Quick Rubber ”  Campaign under Way to Meet Civilian Transport Needs.
Anon. World Petrol., A ug u st 1942,13 (9), 22.— T h ro u g h  im provem ents  in  the process 
of m anufacture  it  has been found possible to  increase th e  ca p a c ity  o f p lanned  butyl 
rubber p lan ts  from  60,000 to 132,000 tons p er an n u m  w ith o u t  using additional 
m ateria ls of construction. T h e  an n u a l p rod uctio n  o f syn th e tic  ru bb er under Govern
m ent auspices is thu s raised to ab o u t 900,000 tons to  be ach ieved  in  1944, witji
300,000 tons scheduled fo r 1943. I n  ad d it io n  to  these sp ec ia lly  designed plants, 
arrangem ents are being m ade to u tilize  ex isting  fac ilit ie s  an d  a va ilab le  m aterials for 
the production  of fu rth e r q uan tities  of butad iene, an d  fo r the  conversion of this 
product in to  syn th e tic  rubber of the  B u n a  ty p e  fo r c iv i l ia n  requirem ents. The 
m ethods to be em ployed  inc lude : (a ) th e rm a l c rack in g  a t  h ig h  temperature,
(6) crack ing  w ith  a ir  in jection , (c) c rack in g  w ith  superheated  steam  injection, 
(d) cracking  w ith  flue-gas in jection . I n  ad d ition , arrangem ents are  in  hand  for the 
m anufacture  of F lexon , produced  fro m  isobu ty lene  b y  ad d itio n  of a  ca ta lys t a t low 
tem peratures, and  of T h io ko l. B o th  these p rod ucts  can  be used  fo r manufacturing 
tyres  capable of g iv ing  lim ited  m ileage under no t too  strenuous d r iv in g  conditions. 
P lan s  are also afoot fo r p roducing  ad d itio n a l b u ty l  ru b b er in  m akesh ift plants. 
Ex ten s ive  investigations are being ca rried  o u t on  a lte rn a tiv e  ru b b er substitutes and 
on m ethods of im pro v ing  kn ow n  processes of p rod uctio n  of syn th e tic  rubber and of 
m anufacture  of ty res  from  them . R .  A . E .

1014.* Petroleum Resins—The Acrylic Resins. C. C. P r y o r .  Petrol. Engr, May 
1942, 13 (8 ), 80.— T h e  ac ry lic  and  m e th a cry lic  resins are  p rod ucts  resulting from 
polym erization  of the  m onom eric d e r iva tive s  o f a c ry lic  ac id , o f w h ich  the esters, 
w h ich  form  therm op lastic resins of unusual ch aracte r, a re  of m ost im portance com
m erc ia lly  a t  present. These esters can  be o b ta in ed  fro m  p etro leum  sources— e.g., 
m eth y l m ethacry la te  from  propy lene  v ia  acetone, acetone c y a n h y d r in  an d  reaction 
w ith  su lphuric ac id  and  m e th y l a lcohol. Po lym e riz a tio n  o f the  esters m ay  be accom
plished under the  influence of hea t, lig h t, oxygen, and/or perox ide ty p e  catalysts. 
M eth acry la te  esters can  be cast-polym erized d irec t in  predesigned  m oulds or can be 
first polym erized  in  fine ly  d iv id ed  form  an d  subsequen tly  m oulded  in  an y  manner 
su itab le for a  therm op lastic resin. T h e  resins possess o u tstan d in g  c la r ity  and light- 
ca rry ing  a b ility , b u t h a ve  lim ited  co m p a tib ility  w ith  o the r s yn th e tic  polym ers and 
n a tu ra l resins. A p a r t  from  iso- and  n-bu ty l m e th a c ry la te  p o lym ers, the  five meth
ac ry la te  polym ers produced  com m erc ia lly  a re  in com p atib le  w ith  each other, and 
co-polym erization of the m onom ers is necessary to o b ta in  desired varia tions.
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Properties of the  five  resins are  g iven , those of the  p o ly m e th y l m e th a cry la te  
m aking th is the  m ost im p o rtan t co m m erc ia lly . T h is  resin  can  also be re ad ily  
moulded and  hand led . T h e  extensive  ap p lica tio ns  o f th e  resins in  the  au tom o tive , 
textile  and  a irc ra ft  industries, an d  to  household  artic les  are  rev iew ed . R .  A .  E .

1015. Patents on Special Products. U n ive rs a l O il P ro d u c ts  Co. E . P .  546,709,
28.7.42. A pp l. 3.4.40. M a n u fa c tu re  o f b u tad ien e  b y  sub jecting  n o rm a l bu tane  
to contact w ith  a  ca ta ly s t  consisting  of 8 0 -9 9 %  o f a lu m in a  and  1 - 2 0 %  of ch rom iu m  
oxide a t a tem pera tu re  betw een  550° and  650° C ., un der a  pressure betw een  0-5 an d  
2-5 atmospheres, and  fo r a  t im e  of co n tac t b etw een  0-05 and  1  sec. A fte rw a rd s  the  
butenes thus obta ined  are  sub jected  to a  fu r th e r  co n tact w ith  a  separate  p o rtio n  of 
the same ca ta lys t a t  a  tem p era tu re  b etw een  500° an d  700° C., un d e r subatm ospheric 
pressure, and  fo r a  t im e  of co n tac t no t exceeding 1 sec. I n  th is  w a y  a  su b stan tia l 
y ie ld  of butad iene is ob ta ined . •

S tandard  O il D eve lo p m en t Co. E . P .  547,048, 11.8.42. A p p l. 12.2.41. Continuous 
operation fo r the  conversion  of h yd rocarb ons to  desired p roducts w h ile  in  the  vap o u r 
phase. T h e  vap o u rs  co n ta in  suspended the re in  a  q u a n t ity  o f ca ta ly s t  w h ich  m a y  
be in  the  fo rm  of a  pow der, granules, grains, lum ps, shaped bodies, etc.

S . H . M cA llis te r. U .S .P .  2,285,601, 9.6.42. A p p l. 29.2.40. P ro d u c tio n  of g lu ta r ic  
acid b y  con tinuous ly  in tro du c ing  cyclopentane in to  a  n itric-acid-contain ing  so lu tion  
m aintained a t  a tem pera tu re  of ab o u t 110° C. T h e  n itr ic  ac id  in  the  so lu tion  is kep t 
at about 14—2 0 %  b y  co n tin uo us ly  add ing  n itr ic  ac id . T h e  crude  reac tio n  m ix tu re  
is rem oved and  the  g lu ta ric  a c id  recovered .

J .  D e la ttre . U .S .P .  2,285,785, 9.6.42. A p p l. 13.7.40. M eth od  of producing  m ore 
valuable p roducts fro m  a  gaseous h yd ro ca rb o n  m ix tu re . T h e  m ix tu re  is  separated  
into three fractions, a n  isobu tane frac tion , a  n o rm a l b u tane  frac tion , an d  a  frac tio n  
comprising iso- an d  n o rm a l butenes. T h e  no rm a l b u tan e  frac tio n  is sub jected  to 
dehydrogenation to  fo rm  b utene an d  hyd rogen , an d  butene and  un co n verted  no rm a l 
butane are  separated  fro m  the  hyd rogen . T h e  butene and  un co n verted  n o rm a l 
butane are com bined  w ith  th e  iso- an d  n o rm a l butenes, an d  the  m ix tu re  is th e n  
subjected to p o lym eriza tio n  un der cond itions designed to  po lym erize  su b s tan tia lly  
all the isobutene and  o n ly  a  p o rtio n  of the  n o rm a l butenes to isooetenes, le av in g  the  
quan tity  of n o rm a l b u tene  un co n verted  ap p ro x im a te ly  equa l to  th e  vo lu m e  of iso
butane in  the  m ix tu re . F in a l ly  isooetenes are  separated  from  the  n o rm a l b u tan e  
and unconverted  butenes, an d  th e  las t tw o  p rod ucts  are  com b ined  w ith  th e  isobutane 
fraction and  subjected  to  a lk y la t io n  to  fo rm  a  su b s tan tia lly  sa tu ra ted  gasoline from  
the hutene and  isobutane.

G. A llem an . U .S .P .  2,288,769, 7.7.42. A p p l. 5.9.36. M e th od  of oxid iz ing  a l i 
phatic hyd rocarbons b y  passing oxygen-contain ing  gas in to  the  hyd ro carb o ns w h ile  
heating to  120-200° C ., an d  su b s tan tia lly  low ering  the  tem pera tu re  du ring  th e  la tte r  
part of the ox idation .

S. L .  B ass  and  E .  F .  G raves . U .S .P .  2,291,442, 28.7.42. A p p l. 22.11.38. P r e 
paration of an  intem al-com bustion-eng ine fue l consisting  o f a  liq u id  hyd ro carb o n  
fuel hav ing  a  v isco s ity  below  50 sec. S a y b o lt  U n iv e rs a l a t  100° F .  to w h ich  has been 
added 0 T -5 -0%  b y  w e ig h t of an  a ro m atic  ester of phosphoric a c id  con ta in ing  a t  least 
one arom atic rad ic le  h a v in g  a  m o lecu la r w e ig h t of 100 o r m ore. H .  B .  M .

Detonation and Engines.
1016. Patents on Detonation and Engines. S ta n d a rd  O il D eve lo p m en t Co. E . P .  
546,780, 30.7.42. A p p l. 12.8.40. M e th o d  of fue ling  an  in tem al-com bustion  engine 
using a solid in je ction  fu e l system , b y  feeding  a  liq u id  fu e l to  th e  engine fro m  a  m a in  
fuel supply tan k  an d  increasing  th e  ce tane  n u m b er of a t  least a  p o rtio n  of the  fuel, 
after it  leaves the  su pp ly  ta n k , b y  co n tactin g  i t  w ith  a  separate  su pp ly  of a  so lid  and  
at least p a rt ia lly  soluble ig n itio n  p rom oter.
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E .  M . M arks. U .S .P .  2,285,294, 2.6.42. A p p l. 11.6.40. Process for reform ing 
naph tha  to im prove its  anti-knock q u a lity . T h e  n a p h th a  is con tacted  under reforming 
conditions of tem peratu re  and  pressure, w ith  a  c a ta ly s t  consisting of a lum in ium  oxide 
and an  a lk a li m eta l borate. H .  B .  M .

BOOKS RECEIVED.
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Proceedings of the 21st Annual Convention of the Natural Gasoline Association of 
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History of Coke MakfTlg and of the Coke-Oven Managers Association.

Photomicroscopy of Salt in Petroleum. B y  L .  F .  C h ristian so n  and  J .  W .  Horne.
U .S . B u rea u  of M ines.

Creep Properties of Steels Utilized in High-Pressure and High-Temperature Super
heater and Steam Pipe Practice.”  Part I. Carbon Steels. B y  H .  J .  Tapsell.
B r it is h  E le c tr ic a l and  A llied  In d u s tr ie s  R esearch  A ssociation .

British Standards Institution. N o. 9 8 7 C i 1942. "  Cam ouflage C o lou rs.”  Is. 64.
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J .  Wood-MallocJc.)

B u t c h e r ,  K e n n e th  Leo p o ld , C h em ica l En g in e e r, S h e ll R e fin in g  &  M a rk e tin g  
Co. (John A . O riel; G. W. Dorrell.)

H u m p h r e y ,  K e n n e th  E rn e s t , C h em ica l En g in e e r, Fo s te r  W h e e le r , L t d .  
(Dr. R . C. Fisher ; E . A . Satchell.)

K t x g, S ta n le y , R e se a rc h  an d  R e f in e ry  P la n t  C o n tro l C hem ist, L o n d o n  an d  
T ham es H a v e n  O il  W h a r v e s , L t d .  (E . H u n tin g ; W. J .  Wright.)

M c E w e n ,  George Charles, C hem ist, A . I .D .  T e s t H o use . (E . R . Styles ; F . W. 
Bristow.)
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ADDRESSES OF MEMBERS.
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Journals are still being forwarded to the wrong address are asked 
to advise the Secretary of their correct address.
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only, and the number of diagrams and tables kept down to the 
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Elo r a m ajor oil com pany Lummus recently com pleted a 

Lummus Combination Three-Coil Cracking U n it . . . viscosity- 

breaking, gas oil and heavy naphtha reform ing.» » » Eighteen 

days a fte r the unit was put on stream it was com plete ly ac

cepted, having met a ll guarantees. The in itia l run was con

tinued to 25 days, when the unit was shut down fo r inspection 

purposes. » » » This recently com pleted unit — the ninth con

secutive Lummus Cracking Unit to be accepted during in itia l 

firing runs o f 25 days or more — is equipped w ith Lummus 

Floor-Fired, Raised Hearth Heaters, w ith im proved steam 

generation feature in the convection section. Provision is 

also made fo r steam generation from  waste heat.

W. H. JONES

Representing: THE LUMMUS COMPANY
70 Barn H il l ,  W e m b le y  P ark , M idd lesex
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L a c h m a n  V a p o u r  P h a s e  

T r e a t i n g  P r o c e s s

■ ■

L A C H M A N  T R E A T E D  spirit does not
r e q u i r e  a n y  i n h i b i t o r .

L A C H M A N  T R E A T I N G  i „ .  Smgie
o p e r a t i o n  c o n s e r v e s  a n t i - k n o c k  q u a l i t y ; r e d u c e s  

g u m  c o n t e n t  t o  t h e  v a n i s h i n g  p o i n t ;  r e d u c e s  s l u d g e  

a n d  p o l y m e r i z a t i o n  l o s s e s  t o  t h e  m i n i m u m  a n d  

r e d u c e s  s u l p h u r .

T h e  p r a c t i c a l  a d v a n t a g e s  a l s o  o f  a  m e t h o d  w h i c h  

i s  f o o l - p r o o f  i n  t h e  s e n s e  t h a t  i t  c a n n o t  b e  o v e r 

d o n e  m u s t  a p p e a l  t o  a l l  r e f i n e r s .

A .  F .  C R A I G  &  C O .,  L T D .
P A I S L E Y

Representing:

VAPOUR TREATING THE WINKLER-KOCH
P R O C E S S E S  INC., ENGINEERING CO.,

555, South Flower Street, 335, West Lewis Street,
Los Angeles CALIFORNIA Wichita KANSAS
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B a b c o c k  V a l v e s  a r e  

d e s c r i e d  w i t h  a m p l e

d e p t h  o f  s t u f f i n g  b o x

t o  a V d id  L M IllL t iV ^ o f
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S t a n d a r d  M e t h o d s

F O R  T E S T I N G  

P E T R O L E U M  A N D  I T S  P R O D U C T S

FO U R T H  EDITION  

1942

Th is  new ed ition represents a thorough revision of the majority 
of the methods described in the 1935 Edition and all those which 
have since been published in Journal of the Institute of Petroleum.
An attem pt has been made to include all methods which are 
prescribed in official specifications. Thus, the oxidation test 
required for a ircra ft lubricating oil to the M inistry of Aircraft 
Production Specification D .T .D .4 7 2 , is now published in detail 
fo r the firs t  tim e.

O th e r new methods include aniline points of products which 
develop high pressures at the analine point ; diesel fuel diluent 
in crankcase oils ; and a rapid method of determ ining sulphur by 
com bustion in a quartz tube.

The usefulness of the book has been increased by inclusion of 
methods of calculating D iesel Index and V iscosity Index and 
tables fo r the conversion of K inem atic V iscosity to Redwood 
V iscosity .

416 pages— 97 diagrams

Price 15s., post free
(U .S .A . S3.00)

Published by

THE INSTITUTE OF PETROLEUM
c/o IM P ER IA L  C O L L E G E  O F S C IE N C E  A N D  T E C H N O LO G Y  

P R IN C E  C O N S O R T  R O A D , L O N D O N , S .W .7 .

Kindly mention this Johm ul uuntu .



WHESSOE
F a b r i c a H o n  o f

H E A T  E X C H A N G E R S

Heat exchange p lan t 
of eve ry  ty p e

THE WHESSOE FOUNDRY & ENGINEERING 
COMPANY LIMITED

H E A D  O F F I C E ,  D A R L I N G T O N
L O N D O N  O F F I C E  ( T e m p o r a r y  a d d r e s s )  

P O T T E N  E N D  B E R K H A M S T E D ,  H E R T S .
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For the lining of 
Storage Tanks, Pro
cess Vessels, Pumps, 
Pipelines, etc., there 
is n o w  a proved  

m e th o d  o f  metal
defence against corrosion : an easily-applied and economical lining, 
glass-like in hardness and with a smoothness which allows easy 
cleaning and also offers 

minimum resistance to  

pipeline flow. Let us send *

full particulars of Audco- 
Heresite— available in tw o A T ; . v.
types

AUDCOHERESITE
(1) for internal lining of 

m e ta l  c o n t a i n e r s ,  

pipelines, etc.
(2) for spraying on the ex- 

teriorsurfacesof metal, 

wood, or concrete  

subject to  corrosive  

atmospheres.

A U D L E Y  E N G I N E E R I N G C ? L T.D
N E W P O R T  • S H R O P S H I R E  • E N G L A N D
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