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!Be Allison model 400-C6 cqressor >ras operated at an inlet 
pressure of 12 inches of mercury absolute arnd ambient inlet tempera- 
ture at equivalent impeller speeds of 6000, 7000, and 8500 rpm. 
Additional runs at an eqavalent speed of 7000 rpm and azibient inlet 
temperature were made at inlet pressures from 7 to 22 inches of mercury 
absolute. m e  results of this investigation are conpasea with those 
of the 533-A-23 compressors. 

For the speeds investigated, the Allison model 400-C6 compressor 
had a mxdmm adiabatic tenperatme-rise efficiency of 0.768 at an 
equivalent speed of 7000 qan; the corresponding equivalent weight 
flmwas 45.0 pounds per secona and the pressure ratio was 1.83. At 
an equivalent lmpelLer speed of 8500 rpm, the n . p x i m ~ 1 .  equivalent 
weight flow was 61.6 pounas per second and the peak pressure ratio 
of'2.38 occurred at an equivalent weiat flow of 52.2 pounds per 
second aml as adiabatic tempemtme-rise efficiency of 0.714. 

At an equivalent speed of 7000 rpm, increasing the compressor- . 
inlet pressure increased -the maximum equivalent weight flow and -tihe 
pressure ratio. 

At the rfaxhum coruparable equivalent meller speed of 8500 rp, 
the ma3dmum equivalent weight flow was approximtely 6.5 percent 
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i hi&er than the wei&t flow for the 533-A-23 campressor with a 34- 
3 blade impeller. The pressure rat io  and the adiabatic temperature- 

r ise  efficiency were slightly lmr than those of the 533-A-23 com- 
pressors; hawever, a camprison of pressure rat io  and efficiency 
at low speeds i a  not necessarily indicative of a camparison a t  high 
speeds. 

~ r n C ! L ' I r n  

A t  the request of the Air Phterfel C o d ,  U. S. A i r  Force, an 
investigation is  being conducted at  the NACA Lewis laboratory t o  
determine the performance characteristics of a series of turbojet- 
engine campressors. An investigation of an Allison M e 1  400-C6 
turbojet-engine compressor is presented. were mule over a 
range of equivalent impeller speeds fkam 6000 to 8500 rlpm w i t h  an 
M e t  pressure of 12 inches of mercury absolute aad ambient inlet  
temgerature. Additional runs were lllade a t  an equivalent m e l l e r  
qeed of 7000 rpm, ambient inlet  tamperature, an$ vwious inlet  pres- 
sures t o  determine the effect of inlet  pressure (~eynoldsnuniber) on 
compressor performance. 'Ihe invest is t ion was terminated by failure 
of the compreseor uni t .  

A-aratus. - me Allison model 400-C6 compressor assembly con- 
sists of a double-entry centrifugal compressor, a vasled diffuser, 
and a compressor casing. me c 6 r e s s o r  dimensions am: 

. . . . . . . . . . . . .  Bpeller-inletdiameter,inches.. 19.48 .............. meller-out let  diameter, inches 30.00 .............. Nmiber of meller 'blades, per side 23 
Biffuser-inlet-vane diameter, inches ............ 33.24 
mumber of diffuser.passages .................. 14 
Prlean diffuser-discharge diameter, inches .......... 42.88 . . .  Diffwer-outlet passage area, square inc.hes per passage 10.41 

The r-inder of the a m t u s  is  the sams as that described i n  refer- 
ence 1. 

Ip 

Jhs-ntation. - 'Ihe instrumenktion i s  also the same as that 
described in reference 1 ~ 3 t h  the exception that a submerged flat- 
plate orifice was used t o  measure -&e compressor a i r  wei&t flow. 
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B The precision of the measurements is estimted to be within the 
9 following limits: 

. . . . . . . . . . . . . . . . . . . . .  Tenperatme, 9 . .  f0.5 . . . . . . . . . . . . . .  Pressure, inches mercury absolute f0.04 . . . . . . . . . . . . . . . . . .  Airweightflm, percent f1.0 . . . . . . . . . . . . . . . . . .  Dnyeller speed, percent. f0.3 

The following synibols are used in this report: 

N impeller speed, r p m  

p1 inlet total pressure, inches mercury absolute 

p2 outlet total pressure, inches mercury absolute 

Q vol,ums flow, cubic feet per second 

=I inlet total temperature, % 

U impeJJ.er tip speed, feet per second 

W wei&t flaw, pounds per second 

6 ratio of inlet total pressure to INCA standard sea-level 
& pressure 

q ad adiabatic teqerature-rise efficiency 

6 ratio of inlet total temperature to TSACA stanaard sea-level 
temperature 

P absolute viscosity, pounds per foot-second 

METHODS 

B e  runs to determine the over-all performince characteristics 
of the compressor were made at anibient inlet temperature, which varied 
fYom 780 to 86O F, and at the highest inlet pressure possible at design 



speed ae limtted by the power and the geax ratio of the drive unit. 
A summy of the operating conditions is given in -the following 
table : 

BESULTS AND DISCUSSION 

E;Pfect of speed,. - B e  perfomance of the Allisonmodel400-C6 
cmgressor at equivalent impeller speeds of 6000, 7000, and 8500 rpm 
is presented in Sigure 1. For these speeds, the m x i m m  adiabatic 
temperature-rise,efficiency was 0.768 and occmed at an equldent 
impeller speed of 7004 rpm, an equivalent weight flow of 45.0 poMds 
per second, and a pressure ratio of 1.83. At a n  equivalent.iqeller 
speed of 8500 rpm, the atRalrmrm equivalent weight flow was 61.6 pounds 
per second, and a e  pea3r pressure ratio of 2.38 occurred at an 
equivalent weight f low of 52.2 pounds per secod afld an adiabatic 
temperature-rise efficiency of 0.714. J 

Effect determined 

Speed and 
air -f low 
r a t e  

Blet  pressure 
(~eynolds 
rimer ) 

Effect of inlet pressure (Reynolds number). - Clhe effect of 
inlet pressure (Reynolds nwer) on compressor performme for an 
equivalent impeller speed of 7000 rpm is shown in figure 2. For 
convenience, 'this effect is shuwn in 'terms of a Reynolds nmiber index 
P ~ / ( ~ O ~ ) .  Because the inlet temperature was held as nearly constant 
as possible, changes in p and Tq are very mill and the princi- 
pal wiable is inlet pressure PI. Increasing -the Reynolds nmiber 
by increasing -the W e t  pressure resulted in higher equivalent 
wei&t flow and pressure ratio. 

Inlet pressure 
p1 

(in. Hg abs.) 

12 
12 
12 
7 
9 
17 
22 

Equivalent im- 
peller speed 
n/ fi 

(-1 
6000 
7000 
8500 
7000 
7000 
7000 

' 7000 

Caqarison of performasce of 533-A-23 compressors with Auison 
model 40046 cqressor. - Peak p e r f o ~ c e  characteristics of the 
533-A-23 cwressors afld the Allison model 400-C6 conxpressor are 

Equivalent 
tip speed 
u/* 
(ft/sec) 
7 86 
916 
1113 
916 
916 
916 
916 
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; compared in figure 3 for equivalent impeller speeds of 6000, 7000, 
3 and 8500 rpm. 'Ihe conparison is not exact because of the aifference 

in the operating conditions between the nodel 400-C6 compressor and 
the 533 compressors. 'Ihe model 400-C6 compressor was run at an 
inlet pressure of 12 inches of mercury absolute an& the 533 compres- 
sors were run at an inlet pressure of 14 inches of mercury absolute. 
It can be seen from figure 2 that a slight increase in compressor 
performance would be obtained if the model 400-C6 campressor were 
operated at an inlet pressure of 14 inches of mercury absolute. 

The weight-Flaw capacity of the model 400-C6 compressor is greater 
than the r?eight-flar capacity of the J53-A-23 compressors (fig. 3(a) ) . 
At an equivalent impeller speed of 8500 rpm, maximum equivalent 
weight flow is approxj313Ettel.y 6.5 percent higher tharn the weight-flow 
for the 553-A-23 compressor with a 34-blade impeller. m e  peak pres- 
sure ratio for the model 400-C6 coeressor is very sli&tly lower than 
the peak pressure ratio lor the 533-A-23 cnmpressors. A6 an equivalent 
impeller speed of 8500 rpm, the peak adiabatic temyerature-rise effi- 
ciency for the model 400-C6 compressor was app~oximtely 0.04 lower 
ehafl -the efficiency for -be 533-A-23 campressor with a 17-blade impel- 
ler, and approximately 0.02 lower the ef3iciency for %he J33-A- 
23 catpresson with a 34-blade -tmpeller. 'Ibis coqarison of pressure 
ratio and efficiency at low speeds is.not necessarily indicative of a 
coqmrison at hi& speeds. Xn fact, the better a unit is at the design 
potnt, the poorer it is likely to be at off-design points. 

An investigatiori of the over-all perfomce characteristics of 
the Allison model 400-C6 compressor wve the following results: 

1. When ~perated at equivalent impeller speeds of 6000, 70.00, 
md 8500 rpa ,  the compressor had its mximm adiabatic temperature- 
rise efficiency of 0.768 at a equivalent impeller speed of 7000 rpm 
with an equivalent weight flow of 45.0 povnds per second a d  a ?re- 
ssure ratio of 1.83. :At an equivalent impeller speed of 8500 r p m  
the mximm equivalent weight flow was 61.6 pounds per second and 
the peak pessure ratio of 2.38 occurred at a.n equivalent weight flow 
of 52.2 pounds per second asld an adiabatic teqerature-rise effi- C 

ciency of 0.714. 

2. At an equivalent Weller speed of 7000 rpm, increasing the 
compressor-inlet pressure resulted in hi&er m x i m m  equivalent weight 
flar and pressure ratio. %is variation of compressor perfommnce 
~3.421 inle-b pressure indicates a Reynolds nwnber effect. 
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0, w 3. At the ccmpmble equivalent imgeller speed of 

8500 rpn, the arsrrtrmmr equivalent weight flm was appr'o3dmateJy 
6.5 percent hi&er than the wei&t f l a r  for the 533-A-23 ccrmpressor 
Hath a 34-blade impeller. B e  presmre ratio and the diabatic 
bmprahm-z%se efficiency were sli&tly lmer than those of the 
533-A-23 compressors; however, a camparison of pressure ratio and 
efficiency at low qeeds is not necessarily indicative of a com- 
parisan at hi& qeeds. 

I m i a  Fli&t Propulsion faboratory, 
National Advisory Committee for Aeronautics, 

CleveU, Ohio, Dec&er 15, 1948. 

W l  Ko~a~h, 
Aeromutical Research Scientist. 

I '  ~ .R , .X* ,  97 
Aeronautical Reseasch Scientist. 

Approved : 
Robert 0. Bullock, 

Aeronautical Reseazch Scientist. 

a 

, Oscar W. Schey, 
Aeronautical Research Scientist. 
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E q u i v a l e n t  w e i g h t  f l o w ,  ~J8/6, I b l s e c  

I I I I I I I 
300 40 0 50 0 600 7 0 0 ,  800 900 

E q u i v a l e n t  v o l u m e  f l o w ,  Q I ~ ,  c u  f t / s e c  

( a )  P r e s s u r e  r a t i o .  

F i g u r e  I .  - P e r f o r m a n c e  o f  400-C6 c o m p r e s s o r  a t  i n l e t  p r e s s u r e  

o f  12 i n c h e s  m e r c u r y  a b s o l u t e  and  a m b i e n t  i n  l e t  t e m p e r a t u r e .  
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( b )  Adiabat ic  t e m p e r a t u r e - r i s e  e f f i c i e n c y .  

F igure  I .  - Concluded. Performance of  400-C6 compressor a t  

i n l e t  pressure  of  12 inches  mercury a b s o l u t e  and ambient 

I n l e t  temperature .  



NACA RM No. SE8L15 
1 

l a )  P r e s s u r e  r a t i o  a t  ~1 f l / 6  = 40 pounds p e r  s e c o n d .  
I 

2.0 3.0 4.0 5.0 6.0 7 .O 8.0 

R e y n o l d s  number  i n d e x ,  P I / ( u G )  

( b )  Mar imum e q u i v a l e n t  w e i g h t  f l o w .  

F i g u r e  2. - E f f e c t  o f  R e y n o l d s  number on 400-C6 c o m p r e s s o r  

p e r f o r m a n c e  a t  e q u i v a l e n t  i m p e l  l e r  speed  ' o f  7000 rpm a n d  

a m b i e n t  i n  l e t  t e m p e r a t u r e .  A 
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l a )  Maximum e q u i v a l e n t  w e i g h t  f l o w ,  

65 .0  'a 

I b )  P e a k  p r e s s u r e  r a t i o .  

, 
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i 

( c )  P e a k  a d i a b a t i c  t e m p e r a t u r e - r i s e  e f f i c i e n c y .  

F i g u r e  3. - C o m p a r i s o n  o f  400-C6 c o m p r e s s o r  w i t h  J33 -A-23  

comp r e s s o  r s ,  




