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Streszczenie. W  referacie przedstawiono podstawowe param etry i założenia 
modelowych badań naddźwiękowego dyfuzora sprężarki promieniowej w 
rozwiązaniu klasycznym o sprężu 7r cs = 10*12 i wirującego, napędzanego 
przeciwbieżnie dyfuzora naddźwiękowej sprężarki birotacyjnej o sprężu 
■n cs =  16*25.

SU PER SO N IC  D IFF U SE R  FO R  H IG H  PR ESSU R E  R A D IA L  CO M PRESSO R
- M O D EL SCALE TESTIN G

Summary. Basic param eters and establishments of m odel-scale testing of the 
supersonic diffuser for a conventional radial com pressor of a pressure ratio 
7T tc =  10*12 and a counter rotating, driven diffuser for a supersonic birotational 
com pressor of a pressure ratio it tc =  16*25 are presented.

CBEPX3ByK0B0ił IIH4>î>y30P UEHTPOBEXHOrO KOMllPECCOPA C BHCOKOH CTEllEHblO CXATHH

-  MOflEJIbHHE HCnUTAHHH

Pe3K>Me. B coo6uteHHH yica3aHU ocHOBHue napaMeTpu, ycnoBHH u cnocoó 
npoBeneHHH MonentHux HcnuTaHHîî cBepx3ByK0BHX nmjxjiyaopoB ueHTpoôescHux 
KOMnpeccopoB c bhcokoH CTeneHbio cxaTHsr (7r k = lO-i-12 nna KnacnuecKOfl 
cxeMU K ounpeccopa, 7r k = 16-5-25 wifi ÔHpoTauHOHHoro CBepx3ByKOBoro 
KOMnpeccopa) .

SU PER SO N IC  D IFFU SE R  FO R  H IG H  PR ESSU R E  R A D IA L  C O M PRESSO R
- M O D EL SCALE TESTIN G

In Institute of Aviation was elaborated a concept of the supersonic, high pressure ratio 
radial com pressor in two configurations:
- radial com pressor in the conventional configuration o f a pressure ratio 

7trc = 1 0 - 1 2 ;
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- supersonic radial birotational com pressor with a counter rotating driven diffuser of a 
p ressure ratio  it  = 16-^25.
In both versions a new type of the supersonic radial diffuser has been proposed, which 

is an im portant elem ent of said compressors and which probably will give much better 
perform ance to the com pressor set.

T heoretical gasdynamics param eters of the new diffusers which generate a system of 
oblique com pression waves and a closing perpendicular wave need an experim ental 
verification.

To decrease costs (by eliminating of a manufacturing of expensive conventional radial 
rotors, which perform ance is well known) and to reduce required tim e to attain  true 
experim ental results, suitable model-scale gasdynamics testing of the new diffusers was 
proposed retaining required geometrical and flow criterions as follows:
- a full geom etrical similarity betw een a tested model and a final diffuser;
- a M ach num ber criterion (M 3 = 1.13; M 3 = 1.85) and a conformity of flow 

angles of a working medium (a 3 = 15.56°; P3 = 9.5°) in the inlets to the 
experim ental diffuser and to the diffuser according to  the calculational design of the 
com pressor;

- an identical ratio  of a carry away speed in the inlet of the rotating diffuser to a 
peripheral speed of the working medium (U 3J C 3u = 0.67) - an im portant 
gasdynamics param eter of the birotational compressor;

- the only criterion not retained in the model-scale testing is Reynolds num ber
(Rereal = 6.80 • 10s; Rein = 3.29 • 105). The Reynolds num ber is less in the
m odel-scale testing because of the much less densities and tem pera tu res o f the
working m edium. However, R e values during model scale testing a re  sufficiently high
(R e >3-10 ). T he pressure preservation coefficients for the acting fixed diffuser

5 5of a circular section in the range ot R e = 3-10 -f 6T 0_  and given ratio ot dittuser 
cross section areas in the inlet and the outlet thereof (F d = 3.39) are similar. The 
perform ance of the full scale diffuser should be slightly higher (and losses of a 
pressure lower) than the perform ance of the model-scale diffuser.
An effect of a Reynolds num ber on a work of rotating diffusers is negligible. A 
com pression of the working medium is done mainly by a system of oblique 
com pression waves and a closing perpendicular wave in the inlet of the diffuser while 
a share of its very short outlet part {F d = 1.29) is negligible.
R equired  stream  whirling in the inlet of the supersonic diffuser, providing a suitable 
value o f a Mach num ber M g and an angle flow a g in the inlet section of the 
diffuser is attained rather by an application of a fixed turbine vanes set in the inlet and 
a short vane-less diffuser behind it, than by a rotating vanes of a basic com pressor 
rotor. By an application of the above m entioned idea it was facilitated of a test rig
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design and allowed to use in this testing the ready elem ents from  rigs and sets which 
had existed in the Institute, and it shared to reduce costs o f the research as a result. 
For com parability it is planned also to test in identical m odel scale condition the 

paten ted  fixed channel diffuser by V rana which perform ance is known and which is used 
in P ratt & W hitney engines.

Recenzent: D r hab. inż. Jerzy Świder

W płynęło do Redakcji w grudniu 1993 r.

Streszczenie

W Instytucie Lotnictwa opracow ano koncepcję naddźwiękowej sprężarki promieniowej 
o wysokim sprężu:

- sprężarka prom ieniowa w układzie klasycznym o stopniu sprężania Tl = 10  - 1 2 ;
- naddźwiękowa birotacyjna sprężarka prom ieniowa z wirującym, napędzanym 

przeciwbieżnie dyfuzorem o stopniu sprężania n cs = 1 6 + 2 5 .
W obydwu rozwiązaniach zaproponow ano nowy typ naddźwiękowego dyfuzora 

prom ieniowego, który jest istotnym elem entem  wymienionych sprężarek, i którego 
zastosow anie rokuje uzyskanie wyższych osiągów w zespole sprężającym.

Uzyskane m etodą teoretyczno-obliczeniową osiągi gazodynam iczne nowego typu 
dyfuzorów generujących układ skośnych fal zgęszczeniowych w raz -z zamykającą falą 
p rostopadłą  wymagają doświadczalnej weryfikacji.

M ając na uwadze radykalne zmniejszenie kosztów (poprzez rezygnację z wykonawstwa 
kosztownych klasycznych wirników promieniowych, których osiągi są powszechnie znane) 
o raz m ając na celu skrócenie niezbędnego czasu na uzyskanie wiarygodnych wyników 
doświadczalnych, zaproponow ano odpowiednie gazodynam iczne badania modelowe 
nowych dyfuzorów z zachowaniem niezbędnych kryteriów geometrycznych i 
przepływowych.


