
Restriction/Classification 
Cancelled

Restriction/Classification Cancelled



NACA RM No. SE8A22 R

NATIONAL ADVISORY COMMImm FOR AERONAUTICS 

RESEARCH MENORANDE 

for the 

Air Materiel command, A m y  Air Forces 

PERFORMANCE OF COMPRESSOR OF XJ-41-V TURBOJET ENGINE 

VANED COLLECTOR OVER RANGE OF COMPRESSOR 

SPEXDS FROM 3600 TO 11,500 RPM 

By hbrose Ginsburg, John W. R .  Creagh 
. and Donald Michel 

SUMMARY 

An investigation of the XJ-41-V turbojet-engine compressor with 
a revised vaned collector was conducted to determine the performance 
of the compress3r and to obtain fundamental information on the aero- 
dynamic problems associated with large cectrifugal compressors of 
this type. The original vaned collector was revised by increasing 
the flow area at the vaned col.lector entrance. 

A maximum adiabatic efficiency of 0.81 was obtained et a 
corrected weight flow of 36.5 pounds per second and a pressure ratio 
of 1.90. The peak pressure ratio was 3.93 and occurred at en impeller 
speed of 11,500 rpm at a corrected weight flow of 65.5 pounds per 
second. Revision of the vaned collector resulted in an increased air- 
flow capacity over the spmd range. The deal& six--flow capacity of 
78 pounds per second was very nearly reached at the engine design 
speed of 11,500 rpm. 

The compressor cir-flow choking point occurred in the saned 
collector passage; ho~aever, at speeds above 8300 rpm, the air-flow 
capacity of the impeller was being appoached as indicated by large 
pressure losses in the im2eller at maximum air-flow ,:onditions. A n  
increase in compressor air-flow capacity at the higiler s?eeds can 
possibly be obtained 5y removal of the flow restriction in the 
impeller, which would result in an increased alr density at the 
vaned collector entrance. 
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At the request of the Air Materiel Command, Army Air Forces, an 
investigation of the XJ-41-V turbojet-engine compress6r'was conducted 
at the NACX Cleveland laboratory. The abjectives ,of this investi- 
gation are to determine the performance of the cordpressor over a 
range of speeds and weight flows and to obtain fundamental informa- 
tion on the aerodynamic problems associated with large centrifugal 
compressors. 

Information on the cause of the air-flow restriction in the 
compressor as well as the analysis of the air flow through the 
compressor is presented in referepces 1 and 2. This analysis 
indicated that the maximum flow limitation of the compressor was due 
to flow separation at the entrance to the vaned collector with a 
resulting decrease in effective area available to the flow. As a 
result of this analysis, the flow area at the vaned collector 
entrance was increased to obtain larger mass flows, The area 
increase was obtained by cutting back the entrance edges of the 
collector vanes, which resulted in an increased vaneless-diffuser 
radius. A preliminary report on the performance of the revised 
compressor at equivalent speeds of 5000, 7000, 8000, and 9000 rpm 
is made in reference 3. 

The results of the research conducted or? the revised compressor 
are reported herein. Over-all compressor performance data are 
presented for equivalent speeds of 3600, 5000, 7000, 8000, 9000, 
10,000, and 11,500 rpm. The maximum mass flows obtainable over the 
speed range for both the original and revised compressors are com- 
pared. The performance of the impeller and diffuser as separate 
components is analyzed and information on the location of the air- 
flow restriction in the compressor is included. The variations in 
the f l ~ w  angle of the air at the vaned collector entrance, in the 
vaned collector passage, and at the simulated burner entrance are 
discussed. 

APPAmTCTS AND PROCEDURE 

Compressor 

The compressor assembly is de'scribed in reference 4. The impeller 
for the revised compressor was slightly altered by increasing the blade 
taper at the inlet and by rounding the inlet blade tips in order to 
Increase the blade natural frequencies that were found to be critical 
for the impeller used in the original compressor (reference 5) .  The 
vaned collector was altered according to the recommendations presented 
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in reference 2. The flow area at the vaned collector entrance was 
incroased by cutting back the entrance edges of the collector vanes, 
which resulted in an increased vaneless-diffuser radius. Figure 1 
shows a comparison of the original and revised vaned collector entrances. 

Instrumentation 

The compressor installation is fully described in reference 4. 
Standard pressure and temperature statims in the inlet pipe (ref- 
erences 6 and 7) together with 10 total-pressure, 13 static-pressure, 
and 15 temperature stations located in the simulated burner annulus 
were used to determine the over-all performance of the compressor. 
Forty-three static-pressure taps were used to measure the static- 
pressure variation along the flow path through the compressor, to 
calculate the impeller adiabatic efficiency, and to calculate the 
diffuser static-pressure-rise efficiency. Several duplicate static 
pressure taps noted in reference 1 were eliminated in the installation 
of the revised compressor because symmetry of flow showed that they 
were unnecessary. A motor-operated remote indicating survey probe of 
the Fechheimer type (reference 8) was mounted on the compressor front 
cover and was used to measure the angularity and total pressures of the 
air stream entering a typical vaned collector passage. This probe was 
installed normal to the air-flow passage walls and approximately 1 inch 
ahead of the vaned collector passage, the distance being measured along 
the mean-flow-path line. Angles were measured relative to a radial line 
extending from the impeller axis, Survey probes of a similar type were 
installed in a vaned collector passage and at the entrance to the simu- 
lated burner annulus for measuring stir-stream angles and total pressures. 

Procedure 

The compressor was operated under the following conditions: 
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Low inlet total pressures were not used at the speeds of 3600 and 
5000 rpm because of possible adverse pressure differentials on the 
impeller casing at these speeds. At the manufacturer's request, an 
actual impeller speed of 11,500 rpm was set as the maximum allowable 
speed for this investigation, Inasmuch as no means were available 
at the time for regulating the inlet-air temperature between the 
ambient value of approximately 80° F and the laboratory refrigerated- 
air value of approximately -3Z0 F, a run was made at maximum allow- 
able speed with 80° F inlet-air and at an equivalent speed of 
11,500 rpm with the inlet-air temperature of -32' F. Only one point 
(maximum flow) was run under ambient-temperature conditions and the 
resulting equivalent speed was 11,200 rprn, Because of mass-flow 
limitations of the refrigerated-air supply, it was necessary to 
reduce the inlet pressure to.6 inches of mercury absolute when using 
a temperature of -32O F. Tile equivalent speed of 8000 rpm was 
investigated at three inlet conditions to correlate the effects of 
inlet conditions on the compressor performance. Surveys of the air 
stream were made at the vaned collector entrance and in the vaned 
collector paesage at all speeds except 7000 and 9000 rpm, and similar 
surveys were made at the entrance to the simulated burner annulus at 
all speeds. 

Rating Methods 

The performance of the compressor was based on the measured 
total pressures and temperatures at the impeller entrance and at the 
exit of the simulated burner annulus. Separate determinations were 
made of impeller and diffuser performance. The impeller and diffuser 
were rated according to the methods described in reference 2, 

RESULTS AND DISCUSSION 

Compressor Performance 

The compressor performance characteristics over the range of 
equivalent compressor speeds from 3600 to 11,500 rpm are shown in 
figure 2. A maximum adiabatic efficiency ~~d of 0 .el was obtained 
at a corrected weight flow of 36.5 pounds per second and a pressure 
ratio of 1.90. The peak pressure ratio was 3.93 and occurred at an 
impeller speed of 11,500 rpm at a corrected weight flow of 65.5 pounds 
per second and with an adiabatic efficiency of 0.72. The maximum 
corrected weight flow at 11,500 rpm was 76 pounds per second. 

The compressor maximum corrected weight-flow variations with 
equivalent impeller speed for the original (reference 2) and revised 
compressors are shown in figure 3. Data are not presented for speeds 



NACA RM No. SE8A22 5 

lower than 7000 rpm inasmuch as cholfing conditions were never reached 
in the compressor for these speeds because of capacity limitations of 
the exhauster system under these operating conditions. The curves of 
figure 3 show that a considerable increase in maximum corrected weight 
flow was obtained with the revised compressor over the speed range 
available for the compressor. The largest increase, 27 percent, 
occurred at 7000 rpm and the increase at the highest comparative 
speed, 10,000 rpm, was 12 percent. Extrapolation ~ f .  the revised 
compressor-flow curve indicated that at an equivalent speed of 
11,500 rpm the design flow of 78 pounds per second would almost be 
reached. The data point a% 11,500 rpm, however, for an inlet-air 
temperature of -32O F and an inlet total pressure of 6 inches of 
mercury absolute was approximately 2.5 percent 1-ower than the extra- 
polated value for this speed. 

In order to determine some of the effects of inlet conditions 
on compressor performance, an investigation was made at an equivalent 
impeller speed of 8000 rpm for different inlet temperatures and pres- 
sures. Figure 4 shows the variation of compressor adiabatic effi- 
ciency and pressure ratio with weight flow for three different inlet 
conditions. No appreciable change in pressure ratio was noted with 
change in inlet conditions but a definite drpp in efficiency was 
observed when the lower inlet temperature was used. This reduction 
in efficiency has been noted by other investigators (reference 9) and 
is generally attributed to the effect of increased heat transfer. 
Changing the pressure of the inlet air from 14 to 8 inches of mercury 
absolute at constant temperature had a negligible effect on compressor 
efficiency. The maximum weight flow was decreased by approximately 
3 percent when both the inlet-air pressure and temperature was reduced 
and by approximately 2 percent when the inlet pressure alone was 
reduced. These values are of about the same magnitude as that 
mentioned previously for 11,500 rpm. In general, a change in inlet 
pressure had more effect on maximum weight flow than a change in inlet 
temperature, and a reduction in either resulted in slightly lowered 
values of the air flow. 

Compressor Components 

Component performance. - The performance of the revised compressor 
and its components, the impeller and diffuser, is shown in figure 5. 
At the lower impeller speeds from 3600 to 8000 rpm, the impeller 
efficiencies were high and had a comparatively constant value over 
the flow range, with a maximum value of 0.95 being reached at 
3600 rpm. At higher speeds from 8000 to 11,500 rpm, the impeller 
performance curves fell off considerably with increased weight flow, 
with an efficiency of 0.62 occurring at maximum flow at the design 
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speed of 11,500 rpm. The rapid decrease in impeller efficiency at 
high-flow, high-speed conditions indicated that pressure losses 
preliminary to choking in the impeller were being encountered. 

In general, the peak diffuser efficiency occurred at approxi- 
mately the center of the flow range at each speed, Peak diffuser 
efficiencies varied somewhat over the speed range, a maximum value 
of 0.78 occurring at 11,500 rpm. At similar values of air flow, 
the revised compressor generally had higher efficiencies than the 
original compressor and the useful range of operation of the 
revised compressor was shifted to higher values of air flow, which 
showed that altering the vaned collector resulted in improved 
matching of the impeller and diffuser components. The rapid 
decrease in diffuser efficiency at high air flows indicated that 
choking was approaohed in this component. 

Flow capacity and limitations. -'The static-pressure variation --- 
through the compressor is shown in figure 6 for peak--efficiency and 
maxim& weight flow at equivalent impeller speeds of 8000, 10,000, 
and 11,500 rpm. For peak-efficienoy, a steady pressure rise in - 
general oacurred through the impeller, vaneless diffuser, and vaned 
collector. At 11,500 rpm, a sharp increase in static pressure 
occurred in the vaned collector between stations 17 to 20, (fig. 6(c)) ii 

which indicates that at the peak-efficiency flow this part of the 
vaned collector was performing very efficiently. Very little addi- 
tional static-pressure rise occurred in the rest of the vaned 
collector at this operating condition, Inasmuch as the static- 
pressure stations were uniformly spaced along the flow path through 
the collector, the most effective conversion of velocity pressure 
to static pressure evidently occurred in approximately the first 
30 percent of the passage length. 

The curves show that for maximum flow a pressure loss occurred 
near the impeller inlet and in the vaned collector. The largest 
drop occurred in the vaned collector and, as in the original com- 
pressor (reference 2), was a result of choking in this component. 
The choking occurred inside the vaned collector, and the minimum 
pressure was reached approximately one-third the distance of the flow 
path through the collector. In general, about 50 to 65 percent of 
this static-pressure loss in the vaned collector was recovered by 
the time the air had reached the burner annulus. 

A study of the maximum-flow curves in figure 6 shows that with 
an increase in speed the pressure drop near the impeller entrance 
became larger and that at speeds above 8000 rpm the air-flow 
capacity of the impeller was being approached. At 11,500 rpm, 
compression in the impeller started with a static pressure approxi- 
mately 40 percent below the static pressure at the impeller inlet, 
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This undesirable pressure loss was caused by the flow capacity of the 
impeller being approached and could possibly be eliminated by cutting 
back the entrance edge of the impeller blades to give an impeller of 
increased design air-flow capacity. Reference 10 shows that the 
impeller air-flow capacity is dependent upon the impeller-inlet 
design. The removal of this flow restriction would result in higher 
pressures at the impeller discharge with an accompanying increase in 
compressor efficiency. In addition, the increased pressure rise 
through the impeller would increase the air density at the vaned 
collector entrance, which would result in a probable increase in the 
air-flow capacity of the vaned collector. 

Air-stream angular surveys. - The results of the air-flow-angle 
surveys near the entrance and inside of the vaned collector and at 
the entrance' to the simulated burner annulus are show in figure 7. 
The results of the vaned-collector-entrance surveys are plotted in 
terms of the angle of attack on the vane (fig. 7(a)), where the angle 
was considered negative when tBe air flowed from the high- to the 
low-pressure side of the vane. Inasmuch as the blade angle was 18O, 
an angle of attack of -18' represents absolute tangential flow. With 
the exception of the data at an equivalent impeller speed of 11,500 rpm, 
the curves show the angle of attack increasing from the outer to the 
inner wall. The maximum-weight-ow curves generally have a more 
positive angle of attack than the peak-efficiency curves although at 
10,000 rpn the difference was small. At an equivalent impeller speed 
of 11,500 rpm and at peak compressor efficiency, the average angle 
of attack across the passage was very nearly zero: a slightly 
positive angle being obtained near the center of the passage but 
changing to slightly negative values near the inner and outer 
walls (fig. 7(a)). The air-flow distribution and air-stream angle 
of flow relative to the ,collector vane approached the desired inlet 
flow conditions. The effect of good vane inlet conditions are shown 
in figure 6 where at a speed of 11,500 rpm the static-pressure rise 
in the vaned collector near the vane entrance was much greater than 
for corresponding peak-efficieacy conditions for all other speeds 
presented. 

The results of the survey across a vaned collector passage 
approximately midway between the inlet and the discharge of the 
collector show that the flow angle was lower on the inner wall than 
on the outer wall (fig. 7(b)). Because a flow angle of 900 would 
represent absolute tangential flow, it is evident that near the outer 
wall there existed a large tangential component of velocity. With 
the exception of the data at 5000 rpm, there was little change in 
flow-angle distribution with change in air flow. At 11,500 rpm, the 
variation in flow angle from wall'to wall amounted to approxi- 
mately 30'. 
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The flow-angle variation at the simulated burner entrance showed 
that considerably smaller tangential angles were obtained on the 
inner wall than on the outer wall (fig. 7(c)). The tangential angle 
is the angle between the impeller axis and the vector representing 
the resultant of the axial- and tangential-velocity components. The 
magnitude of the angles shows that considerably more tangential than 
axial flow was present and that in passing through the rear half of 
the vaned collector no ap2reciable reduction in the tangential angle 
was obtained. At the higher impeller speeds, the curves for the two 
flow conditions tended in general to become coincident. 

W e R Y  OF IiESULTS 

From a performance investigation of the XJ-41-V turbojet-engine 
compressor with the revised vaned collector over an equivalent 
Smpeller speed range from 3600 to 11,500 rpm, the following results 
were obtained : 

1. A maximum adiabatic efficiency of 0.81 was obtained at a 
corrected weight flow'of 36.5 pounds per second-and a pressure ratio 
of 1.90. The peak pressure ratio was 3.93 and occurred at an 
impeller speed of 11,500 rpm at a corrected weight flow of 65.5 pounds 
per second. 

2. Revision of the vane collector resulted in an increased air- 
flow capacity over the speed range. The design air-flow capacity 
of 78 pounds per second was very nearly reached at a speed of 
1.1,500 rpm. 

3. Decreasing the compressor-inlet temperature decreased the 
compressor efficiency and the maximum weight flow obtainable. 
Decreasing the compressor-inlet pressure had no effect on the com- 
pressor efficiency but did decrease the maximum weight flow obtainable, 

4. The impeller rated as a separate component had relatively 
flat efficiency curves over the lower speed range, At the higher 
speeds, the impeller performance curves fell off with increased 
weight flow, with efficiency of 0.62 occurring at maximum flow at 
the design speed of 11,500 rpm. 

5. The diffuser rated as a separate component had efficiencies 
lower than the impeller efficiencies except at a speed of 11,500 rpm. 
The matching of the revised diffuser and impeller was considerably 
better than that noted for the original compressor. 
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6 .  The compressor a i r - f low choking point  occurred in  the  vaned 
co l lec to r  passage; however, a t  speeds above 8000 rpsa the  air-f low 
capacity of t he  impeller was being approached a s  indicated by large  
pressure losses  i n  the  impeller a t  maximum air - f low conditions. An 
increase i n  compressor air-f low capacity a t  the  higher speeds can 
possibly be obtained by removal of t he  flow r e s t r i c t i o n  i n  t he  
impeller,  which would r e s u l t  i n  an increased a i r  densi ty  a t  the  
vaned co l lec to r  entrance. 

7 .  Angular surveys a t  t h e  entrance t o  the  vaned co l l e c to r  
showed t h a t  an almost constant air-stream angle of a t t a ck  r e l a t i v e  
t o  t he  vane entrance edge exis ted  across  t he  passage a t  peak corn4 
pressor ef f ic iency f o r  a speed of 11,500 rpm. Generally, a t  a l l  
o ther  speeds a large  var ia t ion  i n  the  a i r -s t ream angle of a t t a c k  
exis ted  across  the  passage a t  t he  vane entrance. 

8. Angular surveys of t he  a i r  stream i n  the  vaned co l lec to r  
passage and a t  t he  entrance t o  t he  simulated burner annulus showed 
t h a t ,  a t  both locat ions  and f o r  a l l  speeds, considerably more 
t angen t ia l  than a x i a l  ve loc i ty  exis ted ,  e spec ia l ly  a t  the outer  wall .  

F l igh t  Propulsion Research Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Cleveland, Ohio, January 22, 1948. 
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(b)  Revised compreesoz-. 

Figurs 1, - Concluded* View of impeller and vaned collector entrance fo r  
original and revised compressors, 



Corrected volume flow, cu ft /min 
I I I 1 I I I I 1 
0 10 20 30 40 50 60 70 80 

Corrected weight flow, Ib/sec 

Figure 2. - Compressor performance. 
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E q u i v a l e n t  i m p e l l e r  speed, rpm 

F igure  3. - E f f e c t  o f  compressor r e v i s i o n  on maximum weight-  
f l o w  c a p a c i t y .  
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40 45 50 55 60 

Corrected weight flow, 1 b/sec 

Figure 4. - Effects of varying i n l e t  temperature and pressure on 
compressor performance for  equivalent impel 1 e r  speed o f  8000 
'-I'm* 



NACA RM No. SE8A22 

Corrected welght f low,  I b l s e c  

o Impel le r  
o Compressor 
A D i f f u s e r  

Figure 5. - Performance comparison,of cmpressor ,  impel le r ,  and d i f f u s e r  
f o r  severa l  tmoel l e r  speeds. 





S t a t  i c-pressu r e  s t a t  ion 

( b )  Equiva lent  impe l l e r  speed, 10,000 rpm. 

F igu re  6. - Continued. S t a t i  c-pressure v a r i a t i o n  through compressor. 
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Eouivalent  impe l le r  
speed, rpm 

Equivalent Impe l le r  
speed, rpm 

o Maximum 
Peak e f f i c i e n  

Passage width, i n .  

( a )  Vaned c o l l e c t o r  entrance. ( b )  Vaned c o l l e c t o r  passage. 

F igure 7, - ~i r - f  low-angle surveys. 
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100 I Eauivalent  Impe l le r  
speed, rpm 

Passage width, i n .  

Weight f low 
o Maximum 
O Peak compressor 

e f f i c i e n c y  

Passage width, in .  

( c )  Simulated burner entrance. 

F igure 7. - Concluded. Air - f low angle surveys. 






