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RESFARCH 1~1rIEKORA~TDUlY 

for the 

Air Nateriel Command, Army Air Forces 

PERFOR!W.K% OF J-33-A-21 APTD J-33-A-23 C0KP~ESSORS 
!"IIT:i Q-D iZ;TZylI:()UT :-j&J,"3 I~~TJECT~@; . 

By~Wil l iam L. Beede . 
. 

. 
In an investigation of the J-33-A-21 and the 

J-33-A-23 compressors with ane without water injection, 
it was discovered that the compressors reacted dif- 
ferently to water injection although they were phys- 
ically similar. An analysis of.the effect of water 
injecticn on compressor performance and the consequent 
effect on matching.of the co‘kpressor and turbine corn- 
pon&nts in‘the turbojet engine NBS made. The analysis 
of compotient:matching his based on a turbine flow 
function defined\ as V>e.-oroduct of the equivalent 
lxeight flc$ and the. roci$ocal of' t'ze compressor pres- 
sure ratiq. '. \*‘ 

'With water injection the sl:rge 
J-33-A-21 compress& occurrkd at' 

point of the 
a lower value of 

the turbine flow function than without water injection; 
the compressor therefore should noq"operate in the 
surge region when water is inje'ctsdr* The surge point 
of the J-33-A-23 compressor occurred at a higher 
value of the turbine fl'cw function mith water in- 
jection than without, T?is compressor operating 
under normally stable conditions .without water in- 
jection -nay move into the surge region or into a 
condition of unfavorable operation by addition of 
water unless the pressure ratio for normal operation 
is less tYian 94 percent 0 f the peak pressure .ratio, 
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A t the request of-t&~-& ~&&etiek- Com m and, 
P ,rmy  Air Forces, an 5nvestisat%o,n is beSng conducted 
at the XXA  Cleveland 1aboratorJr to determ 5ne and' 
analyze the perform ance of a series of ,J-3.3 turbojet- 
engine com pressorsu In the course of an investigation 
of the J-33-A-2.1. and the .5-33-A-23, com pr.e.ssors 65th 
and aitho&Tflater injection, it was discovered that 
the com pressors reacted differently to water injection 
although they were physically sLm flar. An analysis 
was m ade of the effect of v1ate.r injection on com - 
pressor perform ance and the consequent effect OTI the 
m atcbLng of the com pressor and turbine com ponents in 
the turbojet engine. 

. . 
* . . . . . A iALXSIS . 

A 'T‘loy~ fuxctlon bovernZng the perform ance of the 
turbine com ponent of ..-e* the J-33 turb0je.t engine is 
(W r/T3/TO,),?P3~??0) where !f is weiiht flovi in pounds 
per second=. 'T , is total tem perat.ure in oRJ* and P  
is to;taJ pressure in inches m ercury absolute. T .he 
subscr?ipts 0 and: 3 refer to ?TAGA'standard sea- 
level conditions and,. conditions'at t4e iurbine inlet, .' 
respectivel?." The ratio 
where the 'kubscrj_pt 

T3/T~.is .T3/Tl x Tl/TO, . . 
1 I refers to the com pressor inlet, 

The ratio T3/Tl is an independent variable fiking 
the operating conditf,on and . . I, , ' 
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The ratio 
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, I  ,  ‘. . ,  
I I  

1 

. 

3 

. where \ 
p1 

. ..6=*pg. _ . 
. 

-. . ., . . . 
and subscript 2 refers to the compressor outlet. 

' If there are small losses through the burner, p3/p2 
is nearly unity; then \ . e.. 
- . . - .- . *- II 

. I 
WT3/TO. 

P3/PO. 

= /$&'..;/p~‘: 1' 1 '\.~ 
I :* ij jl,JTl ,?\ 2 I,, -4-mr (1) 

I." @'., " 1 'i, 
Therefore, ; - determine4 approximately,the 1 

. .\ 6 .I 'qTt.J :_ _I - - .." - - 
\ 

flow function governing turbine performance for a 
*given value of T3/Tl.. . i 

This ana,iysis negiscts 'the efiect of change in 
gas Froperties,and weight flow with the addition of 
fuel. or .water.. The additfon,of *fuel or water would 
cause the -turbine flow function to be somewhat greater 
than that given by equation (1). The change in specific 
heats arising from changes in the composition and tem- 
perature of the gas is also neglected. . 

The varzation in over-all pressure ratio with 
equivalent weight flow for the J-33-A-21 compressor 
is presented in figure 1. Water injection increased 
the over-all pressure r atio approximately 9.5 percent 
and the equivalent weight flow approximately 7.0 per- 
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cent. The addition of water moved the surge point of 
the compressor to an air weight flow approximately  6.0 
percent greate r  than that without water injec tion, 

The‘va.r iation in ove‘r-a.11 nressure ratio with 
equiva lent weight flow for -the J-33-A-23 compressor 
is  presented in figure 2, The over-all pressure ratio 
was increased only  3.0 percent, whereas the equiva lent 

'weight flov .increased ap?roximately  13.0 percent. The 
addition of water moved the surge point of the. corn: 
pressor to an air weight flo::? aproximately  17.0 per- 
cent greater than that without water injec tion. 

The var iation of the pressure ratio of the two com- 

pressors with the-turbine flow func tion /$g\/ 1 \  

.., '. f .i, 6 ‘j'!,F JFJ  
is  presented in figures  3 and 4. The addition of waier 
in the J-33-A-21 compressor (fig* 3) caused the surge 

point to occur  at a va lue of 

mately  3.0 percent loafer than the corresponding va lue 
without water injec tion. 

The addition of water in the J-33-A-23 type co& 
pressor (fig. 4) caused the surL;e point to occur  at a 

va lue of ' h/g\ / +-  i (  1 '\ approximately  15.0 percent 
\ \ 6 /!p2/p1!' 

greater than the corresponding va lue v fithout water in- 
jec tion. The opposite trends in the dis? l,acement of 
the surge pc int for the .twc  compressors is  partly  due 
to the fac t that the increase in pressure ratio ef- 
fec ted by ITrater injec tion was 6.5 ;?ercent greater for 
the J-33-A-21 compressor than for the J-33-A-23 corn-. * 
pressor, . , 

DIS*Z?SSIO ?? O F  RXXLTS 

Two s ignificant effec ts  of water injec tion on 
the operation of the jet ensine are; (1) a change in 
'over-all compressor pressure ratio.and (2) a change in 
the magnitude of the‘turbine flow func tion * 

(  a/ 1 
t 5 II \ 

I 
r '  \$J’l/ l 

ihen the pressure ratio across the . 
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turbine qxqeeds apnroximatoly 2~1, sonic or nearly 
sonis velociti~s~ can be expected in*tho turbine nozzles. 
At compressor pressure ratfos above 3~1, the'pressure 
ratio across the turbine wi13 almost certainly be 
.grcatzr than 2:1, At the design speed of the compressor 
thcrcfore, sonEc.vcloci'tios can be assumed to exist 
in tI~c turbine -nozzles if the turbine Is xasonably 
well matched with the Co:n~ressor.. The value of the 

flow function /3-p / 1 ‘-I * 
I t 6IjPz/ "1; I> which is'nearly proportional 

\ 
to the Mach nu&er at;‘ the“" Inlet of the turbine nozzles, 
will thus bc constant for alL values of compressor. 

'. prossurc ratio sraatcr t%an that.rzquired for obtain- 
ing tho critical. . \ / twl~lnc prdssum ratio. Tht? O>Crating 

vaLuo of &/g[' 1 “, 
\, 6 ,l<Fpy) would thorcforo be almost un- 

affected by. tho .- injection of *.vatGr into. the compressor. 
On thTs Sasfs, injecting water into the J-33-A-21 engine 
will rcslrlt in highe? ccmpressor nrcssure ratios and 
higher values of v&/q+j , both of which will have 
beneficial effects on the thrust of the ensine. On 
the other hand, injection of water %nto the J-334-23 

,eng;fnc wil; tend to ..ial;c the co?prosscr operate at 
lower vx icht rlovzs t&in that for t'r\e surg?3 point unless 
the compressor pressure ratio for normal opcrat-ion 
is less than 94 perceht of the poak pressure ratio. 
Although the effec'tg of such operation cannot be * 
predicted from the present data, tho over-all resL;.lt 
a?11 certainly be loss beneficial than that antici- 
patcd for the J-33-A-21 engine, 

SV%ge:ARP OF ZESUL,TS 

An investigation of the performance of'the 
J-33-A-21 and the J-33-A-23 compressors with and 
without water injection produced the followins results: 

(1) The surge point of the J-33-A-21 comprcsso.r 
with nater injection occurrcd at a lowor value of the 
turbine flax &nction than withotit wctcr injection. ' 
The onoration of this compressor in the surge region 
is thoreforc not anticipated, 

- _ .~ ..~_--. __. -_-~_ -_-_-_-_.-___,_ -- .-- A--.-- -.- _ - 
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(2 )  T h e  s u rg e  p o i n t fo r  th e  J -3 % A 7 3 3  ~ c o m p re s ' s o r  
w i th  w a te r  i n j e c ti o n  o c c ti re d  a t a  ? & h e r v a l u e  o f'  
th e  tu rb i n e  fl o w  fu n c ti o n  th a n  w i th o u t.w ~ ts r  i n j e c ti o n . 
T h i s  c o m p re s s o r .o p o ra ti n g  u n d e r n o rm a l l y  s ta b l e  c o n - 
d 2 ti o n s  w i th o u t w a te r  i n j e c ti o n  m a y  .th e re fo re  m o v e  
i n to  tb c  n o rm a l  s u rg e  re g i o n  o r  i z z to  a -c o n d i ti o n  o f 
u -n fa v d ra b l c  o p e ra ti o n  b y  th e  a d d i ti o n  o f w a te r  u n l e s s  
th e  c .o m p r2 s s o r p re s s u re  ra ti o  fo r  n o rm a :! o p e ra ti o n  
i s  l e s s  th a n  9 4 ,p e rc e n t o f th e . p e a k  n re s s u rc  ra ti o . . 

F l i g h t P rc h ~ .k 3 i o n  R e s e a rc h  L a h ra to rg , 
N a ti o n a l  I;d v i e o ry  C o m m i tte e  fo r  A e ro n a u ti c s , 

C l c v c l a n d , O h i o , 
. .^ . -  . . " _  

. W i l l C a -a  L . B e e d c , 
l !(i e c ' ~ a c i c a l  E n g i n c c r. . . 

A p F ro v o d : 

m j z  

R o b e rt 0 , B u l l o c l z , 
E e c k a r l c a l  " L r -g ;' 2 n e c r. . 

O S &  !;1 : S c h e ;r, 
k k c h a n i c a l  Z n g i n c e r. 
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Figure I. - Variation of ovef-3!! oressure ratio v,ith equivalent 
vzeight flw for J-33-A-?! compressor at ir!ct temperngure 0-f 
i-7" r, inlet Pre5s~Jre of 14 incres mercury ,absnlute, md de- 
siyn speed nf f l ,EOO rpm. 
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Figure 2. - Vari3tion of over-al I pressure fatio ,:Jitb equivalent 
fleiciht f inw for J-2,5-A- ?3 compfessoP at inlet temperature of 
l3O0 F, inlet pressure of 14 inches mercury absolute, and speea 
of I 1,750 r-pm. 
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Figure 3. - Variation of over-al 1 pressure ratio with 
for J-33-A-21 compressor at inlet temperature of 
8Oo F, inlet pressure of !4 inches mercury absolute, and design 
speed of I 1,500 rpm. 
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80’ F, inlet pressure o’f 14 inches mercury absolute, and speed 
of 11,750 rpm. 
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