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Surwys were made of the -pact pressure of tho f l o w  to obtain 
fnf'ormation for determfnm pressure losses fn the following turk- 
supercharger nazzle boxes: 

. A, scrol l  nozzle box with bent sheet-Iretal vane6 
B, sc ro l l  nazzle box with ~drfoil-shape vama 
C, scro l l  nozzle box w:th airfoil-&ape vane8 and a dam 
D, symmetrical nozzle box with aizfoil-abape vane6 

The surveys  covered khe  entire nozzle annulua and were =de at 
several -et pressurea ranging from 10 t o  40 Fnchee of mercrrr;jr above 
atacspheric. The data i n d i c a t e  substantial  differences in t o t a l  
hsad lo68 among the bGxes and the exzatenca of' R h q l y  defined Ill&- 
loss regions in portions of the nozzle annulus. Scroll nozzle box A 
w i t h  bent  sheet-Eta,& vanes had the higbeat over-all total-head 
losses; spmetricsl nozzle box D d t h  airfoil-ahape v m e ~ ,  a;t an 
i n l e t   t o t a l  pressure of 30 inches of mercury gage, had losses 6 per- 
cent lower than nozzle box A and at the sime'inlet preesure scro l l  
nozzle boxes B and C having airfoil-&ape V R I ~ O B ,  and with o r  without 
a dam, respectfvely, had losses 30 percent lower than nozzle box A, 

Improvements in the  efficiency of the turbine af comentfonal 
turbosuperchargere have nQt received mxch attention because the 
powsr available in the exhaust ga6 of an aircraft engine i a  more than 
that  required f o r  superchargfng. Im3te&, mphasis haa been 
justifiably placed on ligslt weight and ease of manufecture. The 
current  intereat in composite-engine operation in which the  mer= 
in the exhaust gaa of the  reciprocating enghe is mre  c q l e t e i y  
utilized by gsming them turbines t o  the drankskaf't  of t h e  engine, 
haa emphasized the importance of hi@ turbine  efficiency. 

As part af an lnvestlgation t o  improve the efficiency of the 
turbine of' the turbosupercharger, research is being conducted at the 
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ITACA Cleveland laboratory t o  deterrainu the losses i n  conventional 
turbosuperchzrgcr units.  In order t:, . deteqdine thc  proe~urc iosoco 
in mvoral n3zzle bsxss, total-prassurc surveys of th6 fl& from th6 
nozzle a n n u l u s  of four turbmupcrckarger  turbine-nozzle boxcs wsrc 
rmdo a t  atamspheric dischargc pressure for a range of t o t a l  inlet 
prosswes  frnm 10 t o  49 inckcs of mercury abova atmoaphoric and the 
r-e.si?lta  Dbtainod 8x3 roported. 

Pertinent dqmnsione and othei- characteristics of t ho  n=rzzle 
b o x ~ s  inveetigated are l i s t e d  In the f o l l m i n g  tablo:  

Outlines of the scroil- a d  s p m t r i c a l  nozzle boxes a m  sham 
in  figure 1. The position of a sheet-metal dam imta l led  in scroll 
nozzle box C t o  pevont  the entering stream from separa t ing  into each 
of the passage8 5s a l so  shown. Diztenaioned details of the nozzles, 
nozzle angles, and cone angles a r e  glven in f igure 2. The s t r e a n  
leavfng the nozzles rotatos in a cxnter?lockwiso direction l o o k f q  
uptream. Shroud r-lngs, cGmisting of hoops made of'-- by 1-inch 
strips, were fastened to the outer diaphragm rings to prsvent the 
utroam leaving the  n ~ z z l e s  from mshroomfng in the region of the 
aurvey. 1Jo effor?; was =de t o  improve the manufacturer * B eur feoe  
finish on tho nazzlo vanes. 
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"he eetup of the e q u i p n ' t  i s  shown i n  figure 3. The nozzle- 
bax inlet was comected t o  tbe laboratory air system, which su2plied 
air a t  r o m  teqerature .  An autqmetic  preeeure  regulator was 
installed i n  the inlet g ipe  t o  maintain the desired total preS8W 
a t   t he  nDzzle-box entrance. The locatform of the impact tube f o r  
rneasurkg the Irozzle-box in le t  t o t e l  p?esoure aril the themcouple 
f a r  measuring the inlst t o t a l  temperature &re shown i n  figure 3. 

T5e survei aplmratus  for moasurq- the to t a l  preasure at the 
nozzle exits  consisted of a tow-head tube, synchronous m=ltor drive, 
end a clock-dr-iven coatinuous  pressure  recorder. Several t3"pas .of 
tctal-head  tube w3r9 tyied before me m e  faund that was e u f f l -  
c ian t ly   mal l  to cause only  a small disturbame  in the nozzle  j e t  
and still  r igid eno3g3 to rmaKtn m6eflected by the air streaul. 

inveetigatim is s h m  in figure 4. 
T?te tube  tbt F7BB found %O be SathfaCkXy and w89 Used i n  this 

The st?rveg tubs was mounted OR a rotating a m  Kith ths fairod 
end pointed u p s t r ~ a n ;  prallel  to the nozzle je t .  The distancs 
from the m z z l e  face tc~ the tube M e t  was aet a t  0.1 Inch, w3ch 
is epproximatelg the locatim of the leading edge'of t;le buckets 
in  an opmating turbine. The r a d i u s  of the survey arm could be 
c m 3 d  t; cover t h e  entire annulus. The tube and e m  are s h m  
in figure. 5. The rotat-  a r m  was naunted on  the tmbine shaft 
where the whoel is ordfnarily fastsned. A agnchrmoirs motor drCme 
the shaft t ~ w u g h  reductibn  gears at. approxinately l/i5 rpm. At 

, this speed, the pr5ssnre f luc tmt i cm that the t i ibe experlencea a8 
it travels acrose. each cf the pozzle -nee could be accurately 
recorrled. 

The prseslwe recol-Cer was a cmmmrc-t,al instrment, which 
consisted ,of a m o a  c b r t  and a pen swung about a j?lvot by a 
B O U r d J r I  t u b e  t 3  give nearly linear dieplace?nent with preseure. The 
accurecy of the recorder was fl- percsnt of f u l l  scale. 1 

2 

&terminations were mds  with nazzle-box-inlet pressur0s of 
lG, 20, 30, and 46 inchee of mercury above atmospheric and with 
atmos&eric discharge pressure. C i r cdore rb ia l  2ressure survey8 
w8i-e mada ak rad i i  that dtffered' by increments of 0.125 inch. The 
I"€rat and last aurvem wore made C.020 inch from the inner and outer 
edges of the nozzle a n m l u ~ ,  respectively. 
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A recordirq crf the  discharge t o t a l  pressure made along tho  pitch- 
l ine  circumference of nozzle box A at a distancs of 0.1-inch from the 
annulus face and with a nozzle-box inlet  total preeslare of 30 inches 
of mercary m e  is a h m  In figure 6. The vertical 3 C & h  1s in ponnd8 
Tar sqixwe inch G a p  and the .circular.  arcs show the path af the pon 
abwt its pivot. The p ~ x x m ~ ~  cycles a r e  nmbered according  to the 
nur~bora assigned  to  the  corresponding ~ o z z l e s  in aubsequcnt, figures 
an9 discuwion. Tho T o s i t i m  of each of the nozzle vanes is obvious 
from the  dips  in t he  curve. The dashed line representing the  inlet 
total gage preesurc;, is a metleure of the  available head. Ths vert ical  
distance from the survey curve to tho In le t  total-pressure l ine is 
equal  to t he  instantaneouo 108s in total b a d  fram tho nozzle-box 
inlet  to the plane  corresponding to the bucket inlet. 

Ths mean total-head  lose of each.nozzle  at t h a  pitch  diameter 
was determined b;? dividing  the araa under that por t ion  oi“ t he  discharge 
total-pressure  curve  correeponding t o  the  pitch of the nozzle by the 
pvjectoci length of tho curve and subtracting from the a v a i l a b l e  heacl. 
Mean total-head lcsa of clacfi of the  nozzles.at  tho  pitch line f o r  each 
nozzlo box arid for several “dst proaswres is ah- in figure 7. A 
ske,tch of each nozzle bctx is  reproduced to show t he  relatim of t ho  
nozzle  numbers  to  the  position i n  tho box, The directim of discharge 
from the  nozzle box Igin each  casc,  counterclockvise. 

-nation of figure 7 ehows that scroll nozzle boxee A and €3 
and symmetrical box D each have a well-defined portion of the annulus  
in which head lossee a r e  high and suggests that the air s t r o a m  in 
the two passagos join and form eddies in thie regfon. The regim of 
Mgh losses in scroll nazzle box A is in the l e f t  branch  where the 
angle of  attack of the flow on t h 3  vanes is high. The highest lossss 
in ~ c r o l l  nozzle bDx 3 with  ai.rfoil-shape vane8 occur at nozzle8 30 
and 31 and those in syrmnetrical nozzle  box D a r e  centered asproximatsly 
a t  nozzle 21 in tha rfght branch. T ~ Q  mean  total-heed lossee of the 
ecroll nozzle boxee  increase  progressively along the length of the 
scroll passage with  attendant  doCre88e in  paseage area  up t3 the 
regton of‘ high loss. The uBe crf airfoil-ehape (nozzle box B) insteaa 
of bent sheet-mstal vanes (nozzle box A) redccee thie  effoct and the 
installstion of tha dam (nozzle Imx C) almost eliminates it. When 
the inlet  total proasurs was increased, the locations of the rogima 
of  high losees dl:? not change. no c x m c t i o n  waa made fo r  tha reduc- 
‘cim i n  the rccovxy factor of the survey tubs at  the  supercritical 
p x ~ s s u r s  ratioe. 
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The mean total-head lose over the enttre circmference a t  each 
eurveyed radiue of the nozzle anmlus  w&s obtained by d i e d -  the 
aree under the cntire dischargo tatel-pressure curve (similes t o  
f‘rg. 6) by the progected l e n g t h  of the trace and aubtracting frm 
the  available head. Thoee loss  cuves  are s h a m  in  figure 8 for 
several inlst pressmee. Th8 curvea *LnrLicate aubatantiel losaes at 
inner and outer anzlulu8 walls. Scroll nozzle box A with bent Bheet- 
=eta1 -8% bas a rzinimur;.~ head losa a% a radfal pm€t.lon a y p m x i -  
mately tkee-fourtha of the d i s t a c e  f r o m  the brier to the outer 
ring. Toe a m e  n ~ z z l e  box wLth airfoil-ahape vanes (nozzle box B) 
:?as cmsiuerably  flattey laos curvea, wkich a r e  also lwer in magnt- 
tude. The 2 w t d l a t i o n  of the d m  in the box xfth elrfoll-shape 
m e 8  (nozzle box C, fig. 8 (c) ) , however, produces moan total-head- 
loss curves sMl&r to thme of the nozzle box with  bent sheet-metal 
rams (nozzle box A) b u t  the magnftuae of the lcsses ia sfmflar %o 
those of nozzle box B. The mean total-head-losB curves obtafnad 
with spmetricsl nmzfe bax D show waves and indicate I?tnlmz head 
lossee near t i i e  imer dfaphrqp. Vhen the nozzle-box inlet  to ta l  
prossnre fs increasec, the losses Increase but nat change the 
profilca of the memYtota1-head-loss cumes .  

The over-all mean tote-head loas of a nozzle box waa obtained 
by fiividing the.area unrler the mean total-head-lo88 cur888 of 
f i e r e  8 by the armnlue helght  and ie  plotted in figure 9 against 
nozzle-box inlet  t o t a l  pressure for the four nozzle boxee. The 
over-all mean total-head lusaea vary ag?roximatel,y l-’early with 
in le t  Dressme. Scroll m z z l e  box A with bent sheet-metal m e 8  has 
the highest losses; egmmetrical nozzle  box D with airfz&l-sh&pe vanen 
a t  -an i n l e t  total proseure of 50 fnches of mercury gage has lmsee 
6 percent lower t!lcn nozzle box A; and a t  the same inlet  pressure, 
scrol l  nozzle boxaa B anti C having afrfoil-shape vanes and wi%h or 
w i t 3 u t  the dm, respectivslg, mve loaees apgmdmstely 30 p rcen t  
1mc.r than nozzle box A, Although the effect of tho  dam on the 
mer-all  total-keacl lass of the nuzzle box is slight, the m.om 
uniform cfrcnmfsrctnthl total-head prof i le  may be expect& t o  result 
i n  a hL&er turbiae efficiency b 3 C R U 8 €  the Jet frm euch a nozzlo I 

box can be acre efficiently uti l ize5 by a turb.ha w-hesi, 

Tho reaul3s of discWgs total-proseuro S U ~ V O ~ S  of four nozzle  
boxes with m r i o u s  inle’; total pressures show that: -. 

1. Scroll nozzle box A with bent sheet-mota1 m e a ,  B l a t h  
airfoll-sha9c vancs, and symmtrical R O Z Z ~ O  box D with afrfoil-ehape 
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vanes had a well-dsfined portfon of the annulus in which the mean 
totel-head lOS8 cf each nozzle was high. 

2. Scrcl l lnozzle  box C with airfoil-shape vanes end a dam 
produced an alnost uniform circmfemntial mean total-hsad loss 
distribution. 

3. Scroll nozzle box A with bent eheet-metal vane8 ha3 the 
hfghest over-all t3tal-head losses;  a p e t r i c a l  nozzle box D with 
a i r f o i l  m e 8  at an inlet-total pressure of 30 bches  of mercury gage 
had losses 6 percent lower than nozzle box A and at the same inlet 
Tressure the  scroll nozzle.boxe8 B and C, havlng airfoil-shape vanes 
and with or without the  dam, respectively, k d  lomee ap~r~xiaatoly 
30 percent I . a ~ e r  than nozzle box A. 

Alrcraft m i n e  Research Laboratory, 

Cleveland, clhio. 
National Adr isory Cornittee for Aeronautics, 
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t b l  Symmetrical n o z z l e  box D. 
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( a )  Scrol I n o z z l e  box A w i t h  b e n t  sheet-metal vanes. 

F i g u r e  2. - ~ o r z l e - b l a d e  a n d  . a n n u l u s  s e c t i o n s .  
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( b l  Scrol I nozzle  boxes 8 and C w i th  airfo i  I-shape vanes. 

F i g u r e  2. - Continued.  Nozzte-blade a n d  a n n u l u s  sections. 
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a t   p i t c h  line 

C )  Symet   r ica l  n o z z l e  box D with ai r f o i  I-shape  vanes. 

Figure 2. - Concluded.  ~orrte-blade a n d  a n n u l u s  s e c t i o n s .  
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F i g u r e  3 .  - N o z z l e - b o x  and s u r v e y - t u b e  d r i v e  a p p a r a t u s .  w 
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I 



. 

H A C A  RM NO. f l E l  1 Fig. 6 

I n l e t  tot 
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N O 2 2 1  e 
F l g u r e  6 .  - D f s c h a r g e  t o t a l - p r e s s u r e  recording t a k e n  at 

i n l e t  t o t a l  p r e s s u r e  of 30 i n c h e s  o f  m e r c u r y  gage, ~ o z z t e  
b o x  A.  
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(a) Worzle box U. 

P lgurr  7.  - Qontlnued. Wean total-head l o a s  o f  e8oh notr lo  a t  pltob l l n r .  
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Distanoe from l n n e r  diaphragm r i n g ,  in. 

(b) Nozzle box B. 

Figure 6 .  - Continued. Radial i l istribution of mean total-head loss. 



Distance f r o m  inner diaphragm ring, in. 

( c )  Nozzle box C. 

Figure 8 .  - Continued. Iladlal dbtr lbut ion of mean total-head loss .  



. N A C A  Rh4 NO. E 7 B I  I F i g .  8 d  

Distanoe from inner dlaphragn r i n g ,  i n .  

(a)  Nozzle box D. 
Figure 8 .  - ConoluBed. Radial dis tr ibut ion  o f  mean total-head loss .  
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