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Three modifications of the auxiliary-&age supercharger for the 
V-1710-93 engine were desfgned and teeted aa vt Ccp an investigatfon 
to improve the power output and the altftude perfoxmanoe of the engine. 
A 12-vane dUfuser was Bubstitnted for the standard U-vane dLffuaer, 
and a vmeless discharge paesage and a modiffed ecrollwere designed 
to increase the flow capaoltg of the supercharger and thereby to 
increase the performance at the high volume flowa requfred by the 
engine. 

With the l2-vane diffuser installed and the cadnaretor repl&ced 
by an adapter, the equivalent volume flow at the peak efficiency point 
was increased 25 percent at the lowest speed tiveetigated and 9.5 per- 
cent at the highest epeed. When the carburetor was uqd, any increaee 
in equivalent volume flow wan masked by choking in the carburetor. A 
small decrease in the peak adiabatic efficiency resulted from using 
the 12-vane diffuser. At the high volume flows where the enpercharger 
is required to operate, the perf ormance was -proved by the 12-vane 
diffuser. 

. 

With the vaneless dfscharge passwe, the surge-free range of the 
eupercharger wa increased 35 percent at the lowest tip speed invest-l- 
gated by increasing the maxa air flow. The maximum air flow at 
hQh tip speeds was again U&ted by choking in the carburetor, which 
masked the effect of the vanelese dischaqe passage on the maximum 
air flow. At the high volume flows near the operating point of the 
supercharger, the performance with the vanelees diecharge passage w&8 
better than that tith the etandard ll-vane diffuser. At the low 

c 

volume flows the standezd ll-vane diffuser Save better performance. 
The modified scroll gave performance characteristics that were prac- 
tically the same ae thoee of the stanM scroll except at high tip 
speeds, where the peak performance wa8 improved. 
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At the request of the Air Materiel C!e, Army Air ForceB, an 
investtgation to improve the altitude performanc e of the V-1710-93 
engine has been conducted at the NACA CJ.eveland laboratory. Much of 
the research has been directed toward improving the gerfomnance of 
the auxilic;r-stage flapercharger. The performance of the standard 
auxiliary-stage eupercharger installation at sea level ie regorted 
in reference 1, which also e%%luates.the effecta on supercharger 
performance of the losees introduced by the carburetor and inlet 
elbow; the sea-level ~sq@?~~$~g ia..q&upared tith that at an altitude 
of 29,000 feet in reference 2, The results of an ex-pertintal inves- 
tigationto determine the cause of the lossee prodmed by the car?m- 
retor and inlet elbow is preseated in reference 3. As a result of 
these lnvestigationa of the inlet cortqonente, the standard config- 
uxation of the engine was altered to place the. carburetor between 
the two &ages of superc,harging In&ead of before the auxiliary- 
stage supercharger. The results of an investigation to reduce tne 
losses due to the inlet elbow are preeentad fn reference 4. . 

The result8 af the inveet.tgation of modifications to the Lnduc- 
tion system of a V-1710 engine (reference 5) and of the investigation3 
of references 1 and 2 indicated that a &gnfficant improvement in the 
performance of the engine could be obtairkd by increaeing the flow 
capacity of the auxiliaq-stage suprcharger and thereby increasing 
the efficfency and the pressure ratio at the o~heratw point of the 
engine. The standard ll~-~ dUY~~er.~s.replaced by a 12-vane 
diffuser and late,- py a yaeleaa discharge passage to Incream the 
flow capcity of the supercharger. The outlet. of the etardaz& mroll 
waf3 changf3d from an elliptical to a circular crow sectian to give a 
better flow di&rlbution from the scroll into the en@ne-atage txuper- 
charger and thus to improve the efficiency of t&-unit, The perform- 
ance of the mcdifiod supercharger WEXI intiestigated over @  vide range 
of operating conditi~~~. 

i 

MODIFICATIONS 
-. 

Tine standard auxwi~-s~~'su~erch~~er for the V-1710-93 engine 
1s corqlotely described k reference 2. The standard impellerwas 
used Jn combination with thR?8 modificaticm of the diffuser and 
Bcr0l.l: a 12-vane diffuser, a vanele~e dischmge passage, and a modi- 
fied scroll. 

._ _ - 
The 12-vane dfl'fuser...- A 12-v&e dfffuser (-r-b No. 41710) wa8 

designed and fabricated by the engine manufacturer to ticreaee the 
. 

capacity of the suporckrger. The outstie diameter of the l2-vane and # 
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the stsndsrd U-vane diffusers were the same (17; 211.1 but the vsne- 
lo entrance angle was increased from %  for the standard diffuser to 

13O for the 12:vane uffuser to reduce the angle of attack of the 
vanes at the high flow rates. 

Vanelese diecharge passage, - Elimination of the Ufuser vanes 
appeared as a  possible means  of increasing the capacity of the super- 
charger by increasing the unrestrfcted flow area. In order to keep 
the modified diffuser within the dimensional. lim its speolfiti by  the 
standard scroll, the vaneless disoharge passage was lim ited to a  
convergent throat section 17; inches in diameter. The rear wall of 
the passage was flat and the front-wall profile was a  circular are. 
The supercharger with the vaneless discharge passage is shown in 
figure 1. 

Modif ied scroll. - The  elliptioal cross section of t&e standard 
scroll outlet was ohanged to a  circular cross section of the same 
dIemeter (!$ in.) as  the tnlet to the engine-stage supercharger in 
order to give a  smooth flow distribution from the scroll into the 
engine-stage supercharger. A circular outlet W&E bolted to the 
standard elliptical outlet and the scroll passage was faired into 
the modified. section with sheet-aluminum inserts extendIn@; approx- 
imatelr 160° around the scroll. The standard and modified scroll 
outlets are shown in figure 2. The area variation through the passage 
and outlet of the scrolls fs shown in figure 3  for the standard and 
modified scrolls. 

APPARATUSARD BATION 

The setup for the present investigation was the same as for the 
investigation af the standard supercharger with the carburetor 
installed (referenoe 1). All runs‘were made in a  supercharger test 
rig with the auxilisry-stage scroll as  the collector. The impeller 
was driven by a  lOC&horsepower tiduction motor in conjunction with 
a  variable-speed magnetic coupling and a  step-up gearbox. 

The over-al l  measurements were taken in the inlet duct upstream 
of the superchargerand in the outlet duct downstream of the scroll 
outlet, a8  reocamnended in reference 6. W a ll static-pressure taps 
were used for static-pressure measuremente and pitot tubes were used 
for total pressures.. All temperature5 were measured with unshielded, 
calibrated, iron-constantan thermocouples in conjunction with a  
potentiometer and Y.&&t-beam galvanometer. The volume flow of ambient 
air was measured with a  sharp-edged thin-plate orifice and the refrig- 
erated air was metered through an adjustable submerged orifice. 
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The accuracy tith which alLmeasurements were made is estimated 
to be within the follaTing Umits: 

Temperature, OF . . . . . . . . . . . . . . . . . . . . . . . MI.5 
Pressure, inchee of mercury l . . . , a , t . . . . , . . . .f0.02 
Volume flow, percent . . . . . . . . . . . . . . . . . . . . f0.5 _....... -. - --- -- -- Impeller speed., percent . . . . . . . . . . . . . . . . . . . z&O,5 

TESTS 

All of the runa except those with the vanelees discharge paseage 
were made with ambient inlet air because refrigerated-air services 
were not available. Testing u.&er the Etcha& operating altitude con- 
ditions is desirable, however, because the operating Reynolds number 
can be reproduced. In a&ordanco wfth the standard procedure given 
in reference 7, an outlet total pressure of 10 inches of mercury above 
atmospheric preesure was maintained except at the lower tip speeds 
where it could not be obtained. The l2-vane diffuser installation was 
investigated with the carburetor installed and with the carburetor 
replaced by an inlet adapter, as described in reference 1, in order 
that the effect of the carburetor on the supercharger performance 
could be determined. The modified scroll and the vaneless discharge 
passage were investigated with the carburetor Installed. The vaneless 
discharge passage was investigated at altitude conditions of 
29,000 feet (9.29 in. Hg absolute and -450 F) b order that a compar- 
ison mi&t be made with the standard II-vane dFffuser with altitude 
inlet conditions. 

RESULTS AND DIIISCOSSION 

The over-all performsnc e calculations were made by the method of 
reference 7. The performance of the three modifi_catiorrs.of the 
auxiliary-stage supercharger is presented by the methoda preearibed 
in reference 8, as a function of equivalent impeller tip speed. 

The l2-vane diffuser. - TypIcal perfozmanc e curves are shown in 
figure 4 for the standard J-l-vane and the 12-vane diffusera with the 
carburetor installed and with a. smQoth adapter mounted upstream of 
the inlet elbow in place of the carburetor, The curve8 presented are 
for the equivalent Impeller tip speed of 1073 feet per second. For a 
gear ratio of 6.85:1, this tip speed is approximately that obtained 
when the engine runs at rated speed. The peak adiabatic efficlencg 
obtalned with the 12-vane diffuser was slightly lower theta that 
obtained vIth the standard ll-vane diffuser but the peak efficiency 
occurred at a higher volume flow; the 55rne trend was observed in the 

. 

c 
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pressure-ratio curve8 (fig. 4). Because of the increase in capacity 
at the peak efficiency and pressure-ratio pofnts, the performance 
was -roved at the high volume flows where the supercharger is 
required to operate. The potentiLL increase in volume flow produced 
by the l2-vene dtifuser was masked because the volume flow was limited 
by choking in the carburetor at the high M-3 speeds. At an equiva- 
lent tip wed of 1273 feet per second, the increase in capacity was 
negiigible with the carburetor installed. With the carburetor 
replaced by the adapter, the increase in flow at the points of peak 
efficiency obta?.ned by.the use of the 12-vane diffuser varied from. 
25 TArcent at 683 feet per second to.9.5 prcent at 1273 feet per 
second. 

The Feak performance charaoterietics of the suprcharger are 
shown in figure 5. Over the rahge of speeds tested, the peak pres- 
sure coefZicients obtained with the standard U.-vane dZffuaer were 
from 0.01 to 0.03 hq-gher and the peak ediabatfc efficiencies were 
from 0.01 to 0.02 higher than those obtained with the 12-vane 
dqdfuser except for the two loweet speeds tested. At 831 equivalent 
tip sped of 683 feet wr second, the peak pressure ratios were the' 
sata for both diffusers, but at en equivalent-tip speed of 1273.feet 
per secmnd tb peak preesura ratio for the standard U-vane diffuser 
wae a~roxlmately 0.10 higher than that of the 12-vane d+Sfuser: 

Although the pak performance was somewhat reduced by the , 
X2-vane diffuser, the prformance characterletfce at the equivalent 
volume flow of 4430 cubic feet mr mfnute required by the engine were 
improved. At volume flows greater than 4350 cubic feet per minute 
at aa equivalent tip speed of 1073 feet per second, the performance 
of the 12-vane diffuser was more satisfactory than that of the U-vane 
diffuser. 

Vaneless discherge passage - The curves in figure 6 were selected 
to compre the performance of the vanelees discharge passage and the 
standa& ll-vane diffuser at the limits of the speed range investi- 
gated, The surge-free range of the supercharger tith the vanelees 
discharge passage I& increased 35.percent at the point of maximum 
flow over that of the standard ll-vane diffuser at an equivalent tin 
speed of 7?8 feet per second,, the lowest speed tested. At 1459 feet 
iiJer second the volume flow through the supercharger was limited by the 
carburetor; tti volume flow was therefore almost the came for the 
standard El-vane diffuser and the vaneless discharge passage. 

The peak performance characterfstics of the standard ll-vane 
diffuser and the vanelees dfscharge passage are shown in figure 7. 
The deference fn peak pressure coefficients decreased. with an 

i 
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fncreaea in equfvalent tip speed fromQ.lQ.at 783 feet per eecond to 
0.03 at 1459 feet pr second. The difference in peak adiabatic effi- 
ciency waB approximately constant for the range of teat speeds; the 
efficiency of the &uFrcharger with the standard U-vane diffuser w&8 I 
approximately 0.07 higher than that with the van&Lees discharge pae- 
sage. This difference In efficiency wae probably caused by the Etudden 
enlargement of the d&charge paseage Into the scroll and cc&d be 
reduced by a scroll designed for high ati ve&citiee. The peak pres- 
8-ure ratio of the standard diffuser wae 0.10 to 0.15 higher than that 
obtained with the vaneless discharge passage, Ae in the ca8e of the 
12-vane diffuser, the peak performanc e ~characQ3rfatlcs of the standard 
supercharger are higher then thoee of the vanelees-diecharge passage 
installation over most of the flow range. The performance of the 
supercharger at equivalent volume flow8 greater than 3000 cubic feet per 
mLnute was more satisfactory with the vaneleaa discharge -weage. 

Modffied scroll. - Typicel.~ciunpe~ for t&3 8tandaiand the modi- 
fied scrolle'at the equivalent *II&r tip aped of the auxiliary- 
atage supercharger for rated engine speed (fig. 9) show nearly the 
a&me adiabatic efficiencies and pressure ratioe for both ecrolls. The 
mcdified ecroll collector produced no appreciable Smproveqrent in the 
performance of the a~?xili~~-stage.superc~~g~r up to equivalent tfs 
speed8 of 1061. feet per second (fig. 9). At tip Bpeeda above 1.061 feet 
per second, the peak prformance of the eupercharger with the mcdffied 
scroll w&a higher than that with the standati~acroll.. At an equivalent 
tip speed of 1273 feet per eecond, the difference Jn peak pressure 
coefficient W&B @proximately 0.03 and the difference zIn adiabatic 
efficiency was 0.04. The pak preBsuro ratio at the maxImum epeed was 
0.15 higher with the mcdified scroll than with the standard scroll. 

The perfmce of three modifications - a 12-vane diffuser, a 
vanele8s discharge passage, and a mcdified.acroll - of the auxiliary- 
sta@;e supercharger for a V-1710-93 engLne may be summarized as followa: 

1. With the U-vane diffuser installed and the cezburetor replaced 
by an adapter, the equivalent volume flow through the su;>ercharger st 
peak efftiiency wa8 increased 2.5 percent atanequivalent tir speed of 
683 feet per second, the lqweet..speed Investigated, and 9.5 percent at 
1273 feet .per Becond, the h~st.8peed-fn~~~~~~4~d~ With the carbu- 
retor -talLed, the air flow was limited and my increase X&B xuaelml 
by choking in the carburetor. Over the complete range of tip epede, 
the peak xesaure coefficients, pressure ratioa, and adiabatic efff- 
ciencles obtained with the 12-vane diffmer were alightly lower 

i- 

. 
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th a n  th o s e  o f th e  s tanda rd  l l - vane dif fuser.  A t th e  h i gh  v o l u m e  flaws  
w h e r e  th e  eupe r cha rge r  fa  r equ i r ed  to  o p e r a te , th e  per f  m n i a n c e  w a e  
imp roved  by  th e  i 2 -vm dif fuser.  

2 . A t a n  equ iva len t  tip  e p e e d  o f 7 7 8  fe e t p e r  s e c o n d  a n d  a t th e  
po i n t o f m a x i m u m  flo w , th e  surge- f ree  r a n g e  o f th e  supe rcha rge r  w a e  
i nc reased  3 5  pe r cen t ove r  th a t o f th e  s tanda rd  U - vane  di f fuser by  
ins ta l l&g a  vane less  d i e cha rge  p a s s a g e . A t th e  h i gh  flows  th e  p ree -  
su re  rat io a n d  th e  a d i a b a tic e ff ic iency o f th e  e u ~ r c h a r g e r  wT th  th e  
vane l ese  d i scha rge  p a s s a g e  we re  h i ghe r  th a n  th o s e  tith  th e  s tanda rd  
l l - vane dift ier. A t h d g h  tip  s p e s d e  th e  e ffect  o f th e  vane less  d ie -  
c ha rge  p a s s a g e  o n  m a x i m u m  ai r  flo w  was  m a a ? .wd by  chok i ng  in  th e  
ca r bne tor. T h e  p e a k  a d i a b a tic e ff ic iency w a n  r e d u c e d  app r ox ima te ly  
0 .0 7  ove r  th e  r a n g e  o f s p e e d s  a n d  th e  p e a k  p ressu re  rat io was  r e d u c e d  
f rom 0 .1 0  to  0 .1 5  by  p i ng  th e  vane less  d i e cha rge  pas-e .  T h e  p e a k  
p ressu re  c o e fffcient W & E  r e d u c e d  0 .1 0  a t th e  l ow  s p e e d e  a n d  0 .0 2  a t 
th e  h i gh  speech . 

3 . T h e  m o d i fie d  scrol l  c a u e e d  n o  app rec i ab l e  c h a n g e  in  th e  pe r -  
fcrm a n c e  o f th e  supe rcha rge r  e x cep t a t s p e e d s  a b o v e  1 0 6 1  fe e t pe r  
secc ind,  w h e r e  th e  p ressu re  c o e fficient, th e  p r eaau r e  rat io, a n d  th e  
a d i a b a tic e ff ic iency we re  s l ight ly t i c reaeed.  

A ircreft E n g i n e  Resea r ch  L a b o r a tory,  
N a tio n & l  Adv iso ry  C o m m i tte e  fo r  A e r o n a u tics, 

C leve lanC,  O h io. 
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Figure 4. - Typical performance curves of 
auxi I iary-stage supercharger for V- 17 IO-93 
engine with standard If-vane diffuser and 
120vane diffuser at equivalent tip speed 

of 1073 feet per second. 
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Figure 5. - Peak perfomance characterist its of 
auxi I iary-stage supercharger for V-t7 IO-93 en- 
gine vjith standard I l-vane di tfuser and I2- 
vane diffuser at various equivalent tip speeds. 
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carburetor installed for V-1710-93 engtne with standard I l-vane diffuser 
and vaneless discharge passage at equivalent tip speed of 770 and 145g 
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Figure 7. - Peak perfonance characterist its of auxi I iary- 
stage supercharger with carburetor fnstal fed for V-17 tO-93 
engine with standard If-vane dfffuser and vanetess 
discharge passage et various egulvalent Impeller tip 
speeds. 
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N A T I O N A L  A D V I S O R Y  

C O M M I T T E E  F O R  A E R O N A U T I C S  

ScroI  I 
0  Modi f ied  
+  S tanda rd  

IO +  
- 2 0 0 0  3 0 0 0  4 0 0 0  5 0 0 0  

Equ iva len t  vo l ume  flow, cu  ft/m in  

F igu re  8. -  Typical  pe r fo rmance  curves of 
aux i  I iary-s tage supe rcha rge r  with car-  
bure to r  instal l ed  for V - 1 7  IO - 9 3  eng i ne  
with s tandard  a n d  mod l  f Ied scrof I at 
equ iva len t  tfp s peed  of 1 0 7 3  feet pe r  
second.  
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Figure 9. - Peak performance characteristics of 
auxi I Iary-stage supercharger with carburetor In- 
stat led for-v-1710-93 engine with standard and 
modified scrof Is at various equivalent Impeller 
t i p speeds. 
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