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.. . .  
A n  1nveetigat;lot-i haa been contlucted to determine the perfo33.uance 

characteriabice of the 10-stage axial-f low ccarpressor, f o r  the 19x33 Jet- 
propulsion engine. 
conditions of 59' F and 14 inches crf mercury absolute over a r-e of 
epee& from 3400 to 17,000 rpm w i t h  interstage lnstMlments installed 
and w i t h  noma1 air leakage past the rotor rear air seal .  
of interstage inatrrrmsnts, of air lealrage past the rotor rear air eeal, 
and of inlet a*a condition8 were then eepezately evaluated, 

A t  the design speed of' 17,000 rpm the cnpbpre88or had a peak adia- 
batic temperahre-rise efficiency of 0-72 and developed a preeaure 
ratio of 3.72 at a w e i g h t  flow of 33,8 p~unda per eecond. 
8ff iciency of 0.75 wae obta&ned at the equivalentj speed of 15,300 rpm. 

Initial perfor!nanc!e .&€a were takeq with inlet 

The effect8 

A majcimUm 

. The rak5%alirf the.lnterstage +strUmentS increased the weight 
f l o w  2 .a percent and the peak twiperature-rise' efficiency 0-03 at t h e  
design ~peed. The eliminatfcln. of the air 1e-e past . the rotor  rear 
air seal at the &sign ape* decreased *e p e e  adiabatic temperature- 
r i s e .  efficiency 0.m; decreaeed +&e equivelm. :wight f l o w  5 percent, 
and increased the rak preeduke ratio 0,25.. 
conditione from 59 F ,an& 14 +ches of mercury absolute to 4 9 O . F  and 
6.5 inches of meFcuyy absolute increaad the peak pressure ratio at 
deslgn 'epee& OP74 end,'decre&sed the weight f 1- .by approximately 
6 percent, 
located in each s ta tor  row and the  first row of outlet guide van& 
indica%ed.thst same nonuniformity at? blade loading exieted and that a 
considerable lose of total' pressure WES occaeioned by. the outlet  guide 
venes. 

A change -in the irilet 

The resulfs af the suryeya wfth +e intorskt;age inetl-waents 

. .  
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INTROIKTCTION 

The 19x33 compressor, which replaces the 19B coaapreseor (refer- 
ence 1) and has the same length and diemetsr 88 the .19B ccanpreesor, 
was designed xlth 10 stagw' to  deliver 39 pounds 0;p air per second 
f o r  a preesure ratio of 4.17 a t  an equivalent @sed orf 17,000 rpm; 
the 19B wae deeigned with elx stages f o r  a pressure r a t io  of 2.7  at 
the same mi&% f l a w  and epeed 8 8  the 19XB cmpreseor, 
anoe characteristics of t h e  new cmpreesor were determined at  the 
NACA Cleveland laboratory at the request of the Bureau of Aeronautics, 
Navy Department. 

over-all performance of the ccrmpresscir, the effect8 of' possible 
leakage past the rotar rear air seal; the effects af Insorting inetru- 
mente in each row of stator blades and i n  t h e  f i r e t  row of outlet 
guide vanes, and the effects of changing the temperature and the pree- 
sure of the inlet air. The results af' the interetage mwveys are also 
presented. 

The perfom- 

Results are presented af the investigation made t o  evaluate the 

19XB CWRESMR 

The conetructian of the lO.-eterge axial-f low car~pressor, used in  
the l9XB Jet-propulhion 'unit 15 slmilar t o  that. of the six-stage 
19B compreesor depcribed in reference 1. 
bled 10-stage compreeeok w i t h  t h e  upper half of the caeing removed 
I s  shown i n  figure 1. A croae-sectloqal drawlsg of the compreseor 
w i t h  the prinoipal dimenelms ia given in figure 2; t he  path of poe- 
sible air leakage past the rotor r e a r  air seal is alga shown, 

the 88me ae those ai the 193 ccanpreseor (reference 1). 
inserts were inetalfed on the inasr and o u t e w a l l s  a9t;er.the outlet 
guide vane8 t o  give a straight annular passage pllr the discharge 
measuring station. The sp l i t  etator caging differ8 from that of the 
19B compressor only in the number and epacing of the circuxferential 
grooves f o r  the etator-blade outer shrouds, 
19XB ompressor is constructed In four sections, whereas that of' the 
198 was machined from a single aluminum-slloy- forging. 
section of the 19xB rotor consists of eeven blade M w s  faadhinod frcnn 
a single aluminum-allq forging. The rear section, which wa8 bolted 
to  tho aluminum section, coneist'e of three disks, each machined frcm 
a Bepirate eteel forging. 
section af the r o t a  forma the front bearing journal. !Rae rotor ie 
rigidly ccrnnected t o  the drive ahaft, which i~ supported by the two 
rear bearings, In the jet-engine inatallation, the rigid connection 

A photograph of the agsem- 
' 

The cast-aluminum inlet section and the diecharge section a r e  
Fairing 

The rotor uf the 

f i e  f o x " d  

A steel eleeve premed an the aluminum - 
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permits the thrust of the cmpreasor t o  oppose tha t  of' the turbine 
and thus relieves part of the load on the thrust  bearing. 

The design of the blading fo r  the 19XB canpressor stresses 
simplicity and ea& of nmrhfaoture rather than any particular airfoil 
&ape. Ae received frw the manufacturer, all the blading of the 
compressor was nicked and pitted from previoue running of the complete 
Jet engine, but the t ee te  were made with these bleIUieh08, LYSst of the 
blade an8'leS had been changed from their  original desi@ values by 
plastically deforming the metal at a point appraxfmate3-y one-fourth 
inch from the root of the blades. 
cations (including these deformations) for a l l  the capreasor blading. 

The inlet-guide-vane diaphragp coneiste of 55 al.uminum blades 
f i t t e d  and peened into circular etainless s tee l  inner and outer 
shrouds. 
iEiab3ly 8O from the root t o  the tip; these blades ere not tapered. 

peened in%o semicirculak staif;lesa-ste~l &muda, e f n g  it pO6sible 
t o  assemble separately each half of the casing. 
blades is held in place.by t w o  locking screws. 
of the first stage, the s ta tor  blades have oiroular-&rc camber lines. 

The ro to r  blades are  machined of' steel and fit into cylindrfcal 
dovetail grooves i n  the rotor disks; the blade8 are held i n  place by 
atainlees-steel locking keys. 
arc camber l ine except the firat aad second etagee at the hub. 
blade f i l l e b  radius f o r  all the r o t o r  bledee ie approximstely one- 
eighth inch. 

The rotor and stator  blades of the 19XB connpressor had a EPaaller 
c a b e r  angle at the t i p  and a larger camber angle at the hub than the 
blades of the 19B campreseor. .In general, the 19XB bl8des were 
thicker, had a smaller chord length, Etnd had slightly mre twfst than 
the  blades f o r  the 19B canpressor. 

Table 1 l i s t6  the design specifi- 

The blades have epnmetrlcal sections and are t w i s t e d  appro%- 

The s ta tor  blades are  made of stainless  s t ee l  and are fitted and 

Eaoh half row of 
With the exception 

All of the rotor blade8 have a 'circular- 
The 

APPARATUS AND -ATION 

Apparatus 

The 19XB campreasor m a  inetalled in  the aame r ig  a8 that uaed 
to inveetigate the performnee of the 1% m b l  (rsforence 1). 
draw3ng of the eetup is shown in figure 3. 
by a 2500-horeepbwer induotion motor  in conjunction with a magnetic 

A 
The compressor wae driven 
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coupling an& two speed-increasing g e e  boxes. 
compressor was v a i e d  by the magnetic c a p l i n g  and was held at the 
desired value by an electronic control system. 

air  at teqaraturee as low. as -70' F. 
inducted through a eubmerged adjustable orlf'iae and a butterfly valve 
into the depreesfm'tank, which me app3ximately 4 feet in diamtsr 
and 6 feat in length. 
Df thle tank (fig. 4) to-qualize the air velocitiee. 
bellmouth was f i t t e d  t o  the ccanpressar inlet t o  ineure uniform air  
flow into-the ccanpremr. The air leaving the compreseor wag die- 
charged into a collector through a,straight annular dischare6 passage 
formed by the fafriri-g inserts. Aocreen af 60-percent opmiq was 
placed at the end of the discharge section of the canpressor t o  
decrease any aBpmBtry in  f l a w  wW,.Ln tho compregeor C a U Q d  by th6 
two radial outlet ducts. The outlet Lducte, which were attached to  
the  collector by-a flexible coupling, were connected to  .the la3oratory 
a l t i t u d e d a u s t  ayetern, The i d e t  duct, the depreeeion tank, the 
cmpresaur C B E I ~ ~ &  Eprd the collector cam ware lagged wftfi l/Z-inch 
asbestos anb covered w i t h  4 inches of hair felt  to minlmize oxternal 
heat tran6fer. 

The apeed of the 

'me refrigerated.-air system mppl.ied a limited quantltj. of ilry 
The refrigerated air was 

Three ElcTeenff me located at the midsection 
A wooden 

Inasmuch ae the pespormanoe of the compreseor varies with the 
rate o h i r  I.oakag9 'past the rotor rear air seal, provleiona were made 
t o  plug the hole6 In the rear housing eupport; with copper plugs. 
um of these plug6 mabled the leakage to be reduced t a  B minimum 
value. 

The 

Inst nunentat ion 

The instrumentation of tha compressor was ~imilar to that o f  the 
19B cmpmseor. 
adduetable orffioa. lacatsd in the inlet- duct before the  depression 
tank. The static-presmre drop acrow the o d f i c e  wag indicated on 
8 water manmoter and a l l  other pre~~uro6 ,  on a o-n-wcll mercury 
mmaeter. 
constantan thennocaplee. 
cold junction f o r  al l  thermocouples and thc t h e m 1  electromotive 
foroe wa8 read w i t h  a seneitlvo potentiometer i n  conjunction with an 
external epot-lj. ght galvancumtor. 

shown in figure 4.  
lWgf3, th6 velocity preeeure a t , t h e  inlet measuring 8 t f % t l O n  wa8 neg- 
l i g i b l e  and the t o t a l  pressure was measured with two wall etatfo- 
prsersure taps. me inlot-alr tmpra tu ro  was moaaursd w i t h  three 

The Inleji air was netercd t h o u g h  the mbmergod 

The t ape ra twee  were moaaured with callb1.sted iron- 
A bath d m e l t i n g  ice served ae Lhe CQrrmOn 

Inlet-air  c d l i t i o n e  were measured in  the doprcjseion tank 88 
Because the dimoter af t h o  deprbssim tank wa6 
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unshielded thermooouplss; one tiharmcouple was located at t h o  center 
of the air stream and the other two wera placed l 8 O o  apart tixten6fng 
approrimtely one-sixth tank diameter into the air stream. 

Conditione af the diechargo air were msasured halfwny betvean 
the outlet guide vanes and the second bearing support struts i n  the 
arsulax area formed by the fairing ineerts. 
taps were located a t  the discharge measuring statim 90' apart cir- . 
oumferentially on bo5h tho mner and outer valfs. 
vent tenperature probes -re located SO0 apart and spaced at VIS 
centere of equal annulm &ea elements, in  a sp i r a l  pattern. 

and temperature halfway between the hub and casing 8nd also midway 
between the leading and trailing edge8 of the blades i n  8ach etator  
row. In each of the s t a to r  rows.and i n  the first row Qf the outlet 
guide vanea, the t o t a l  pressures were taken at three circumferential 
locations appmximatelg ZXJO apart. 
with straight cylindrical fXJbeE, uZiich had a 0.030-inch hole located 
onezhalf inch frcm the end of the txbe. 
located In the same axial plane and approximately loo frm eamh to ta l -  
pressure tube. 

Four w a l l  static-?resaure 

Six shielded vial- 

The interetage instruments were lwa ted  t o  measure the preasure 

mess gresiures were zueasured 
, 

Tmperature pr03es were  

A surge-detecting 
in t i e  o u t l e t  duct and 
a pressure capsule wae 
c ondl t ion. 

awaratue consisting of 'a p i to t  tube inserted 
connected t o  a oaf,kAe-ray oeollloscope through 
used to de%ennfne any unLtable operating 

1E;TBom AIYD m c m  ' 

Presentatlon of data. - NACA etand&rd s e a h v e l  conditfione 
(29.92 in. H g  absolute &id 59* F) were chosen 88 the basts  on which 
all data were corrected. Adiabatic temperatura-rieo efficiencies qT, 
total-pressure r a t i o  . Pz/Pl, and presswo coeff torent qr  a,re plotted 
against the equivalent weight flow ,w&'s . f o r  various values af. 
equivalent speed N/JT 

Them parametere can be dafined es follows: 

adiabatic temperature-rise: eff l c l m c y  
-. 
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prassurs r a t i o .  - , .. . . *_"_ 1 -  . . . .  

_ .  __ 
equivalent -weight flow 

... 

t- 

acceleration of gravity, feet per secord per eeoond 

isentropic Wreass in t o t a l  enthalpy por unit of 111&as f o r  
given preseuru ratio, foot-poundo par pound 

rotor  epeed, rpm . .  

number of stages 

to ta l  pressure, paunds'per square inch .absolute 

total  temperature, % 
rotor tip epsod, feot  per second 

weight flow, pounds per sec0na 

ratio af spccific hoats ._ . _. . - . - 

ratio af inlet-air pressuro f;o M A  etandard sea-level proesure 

r a t i o  uf inlet-air tanperatwe to IVUA etm-dard sea-level 
t emperaturo - 

Tho subecripte 
respectively. 

1 . anb 2 .  doeignate the i n l o t  and outlet statione, 

The outlot t o t a l  preswne used was calculntod from the moaeurod 
static preeeurq w e t a t  flow, an& tenaperaturs by thb method @vsn in 
refermxe 1. __ 

t- 

.L 

. ._ 

t' 

I 
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14 

14 

3,400-17,000 

17,000 

8,500-17, a00 14 

13,600-17,000 I 6 3  

7 

.59 

!js 

59 

-59 

Tests, - All tests  were made by holding speed, inlet-ab? t e m p r -  
aturo ,  and inlet-air pressure at a set value and v e s y i q  tho volume 
flow of air frcgn maximum (limited by laboratory refrigerated-sir  
system) t o  the  flow just preceding incipient surge. 

With interst- imtnnnente inetallod and air loakago permitted, 
a series of runs was conduztd with an inlet-air tsmpora%um OS 59O F 
and an i n l o t - a i r  pressure of 14 inches of mercury abeoluto ovcr a 
range of equivalent speeds frcm 3400 t o  17,000 rpm in increanonts of 
1700 rpll. Bjcause instruments have an adverso dfec t  on %he pczfon- 
mca, a eerioa af points WSB rw1 at an equivalent spood & 17,000 r;pn 
with tho lnetrmcnts removed t o  dctermino the effect  on the ovor-all 
PQrfOrmAnoa. 

With the a ir  leakage past tho rotor r e a r  air seal e lwnated ,  a 
serios of point8 w i t h  interstago inetmuaentation were rcun at equiv- 
alent  speeds of 9500 to '  17,000 rpn with BTI inlet -ai r  tempratwe of 
5 9 O  F and an inlet-air  preemre a€' 14 incbee of memicry &solute to 

. determine the effect  of leakage. 
equivalent e&eds . ' ( w , ~ o ;  15,300, and 17,000 rp), .but wich'triiet 
condftions of -59O F ana 6.5 inch68 af mercury absolute to give a 
comparison of performance with two intet conditiona. 

This series was repeated for three 

A suannary of the operating conditions is given in the follaTing 
table : 

Inetmuaeni;e and 
leakage 

N o  instmunents 
and leakage 

Instiruments and 
na leakage 

Inetnrmsnte and L. no leakage . 

The preoieim w i t h  which allmelssurembe w e r e  made is estimated 
t o  be within the  following l imit8: 

Temperature, OF . . . . . . . .  . . . . . . . . . . . . . . .  f0.5 
Pressure, inches of mercury . . . . . . . . . . . . . . . .  .f0.02 
Weight flow, percent . . . . . . . . . . . . . . . . . . . . . .  f1.0 
Compressor speed, percent . . . . . . . . . . . . . . . . . . . . .  f0.5 
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Several possible sonicces of' error may have affected the final 
roeults: (a) discharge meaeurements taken i n  the xakee af the outlet  
&de vanee, (b) f l o w  distortion caused by Interstago in s tmen te ,  
and (c) air leakage past the rotor reex air 6 ~ ~ 1 ,  which affected 
W e i g h t  f low,  preeaure, temperature, and aurge characterl8tlcs af the 
compressor and caused tha  resul ts  t o  be emwhat ururellable. 

€lESULTS AND DISCUSgION 

All values uf-epeed and wei@t f l o w  given in the following dle-  
cussion %.re corrected t o  NACA eea-level c0ndit:ons. The results 
obtained from the I-UQ wtbb interstage inetruments inetallad and a i r  
leakage permittod are  presented a8 the baeic over-all perfornanco 
data. The rmn with the Interstage Lnetiments rumovod enabluit the 
effect6 of tho inetruuienta t o  be cvgluattid and the runs with the 
leakage path blocked enabled the effect8 of leakage t o  b'o diwwsed. 
The resul ts  of' tho interstage measuremonte permitted the af'fuctivo- 
ne88 af 6ach etage t o  be determined. 

Ccanpreseor performance. - m e  peflormance IS the campmagor I s  
sham in figure 5 over a range of equlvalent epeede fram 3400 t o  
17,000 rpm in incxmmts of 1700'rpm w i t h  interstage instruments 
inetalled and with air leakage permitted t o  pa66 the m t o r  rear sir 
seal. me in le t  conditione temperature and proeeure were  59' E 
and 14 inches of mercury abeolute, reepectively. The peak efflclency 
lncreaeed fraan 0.64 at 3400 r p  to a maximum value of' 0.75 at 
15,300 r p  and then dropped to 0.72 at 17,000. rpm where data may not 
have been taken near enough t o  the surge point. Some difficulty was 
experienced in  detecting the exact surge point of the campreeflor, 
particularly at the high apeede, becauee the eu-rge -detecting apparatus 
was sensitive to a l l  disturbancee and bocauee extreme caution was 
taken not t o  surge the campresaor violently. 
waB increased from 1.08 t o  3.72 from equlvalent speede of 3400 t o  
17,000 rpn, respectively. The peak pressure codf ic ien t  wae approx- 
imately constant at 0.26 up t o  17,000 rpn where it dropped sliatly. 
The meucimum weight flow at the design speed wag gpproxlmately 10 per- 
cent higher than the deeign value of 30 pound6 p r  eecmiz. A t  an 
equivalent speed of 13,600 rp, the peak preesurs ratio apparently 
is low but the temperature-rise ef'ficiency hae nearly reached the 
peak value. The data for this  performance curve may not have been 
taken auff icientky near the surge pofnt. A t  bhe design eyeed, the 
.preeeure r a t i o  of the 19XB cumpressor WBB observed t o  be higher and 
the temperitwe-risa e f f  fciepcy slightly lower than tha.3 obtainod 
from the 1% compreeeor (reference- 1) : 4n* explqat ion f o r  the lower 
tanperat&e&iee efficiency in  thd 19XB investigation then i n  the 

Tho peak pressure ra t io  
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198 investigation is that the peak pressure ratio may not have been 
obtained, Different amounts of leakage in the t w o  c m ~ r e s s o r e  msy 
fils0 have caused a difference i n  efflClenCy. 

Effect & interstage Instruments. - When the interetEqp fnetru- 
ments were removed, the weight flow through the compressm was 
increased about 2.2 percent and the peak temperature-rise efficiency 
about 0.03 (fig. 6 )  at 17,000 rpm. The difference i n  peak premwre 
r a t io  m e  small, however, which ahme that the difference i n  effi- 

-ciency l e  due t o  a chsnge in  the temperature rise. 
by the i n e t m e n t s  Increased the work done by the cmpres_sor blahes 
and thereby Increased the tnmperature r a t l o  and poesibly ths  presewre 
ra t io .  ,The increased pressure loeees oaused by the instrumentation, 
however, null i f ied the possible Increase in  preeeure ratio. 

The wakes produced 

Performance wit'n no air leakage*throup,h rotor rear afr t3eal. - 
The performance of .the cmpreesor 'is shown i n  f i g v e  7 'with .the 
l e b e  past the rotor reat. air see1 elinfnated. 
made w i t h  in le t -a i r  conditione of 59' I? and 14 inchee af &eroury 
absolute and over a range of equivalent apeeds from 8500 t o  
17,000 rpm. 
0.69 at 8500 rp t o  0.72 at  10,200 r p  and dropped $0 0.68 a t  
17,000 r p .  
t o  3.87 at 17,000 rpm. 
a t  8500 2 - p  t o  0.22 at 17,000 r_um. 

These runs were 

The adiabatlc temperature-rise eff fciency increased 'from 

The peak preeeure ra t io  increased from 1.61 at 8500 rpm 
The presswe coefficient hecrease8' from 0.27 

A cmparison of the-performance of the ccrmpreseor w i t h  and 
without leakwe ?is made .In figure 8. 
r a t i o  wae lower f o r  the investigation with leakage than f o r  the in+ee- 
tigatton without leakage. a l t h o m  the adiabatlo temperature-rise effl-  
ciency with leakage Was elightly hlgher at the hi&er speeds. 
peak preeeure ra t io  and the peak adlabatlo. efficiency did mt occur 
a t  the aeme mi@ fiq. 
preasor a t  17, OOO rpa was appraxipately 5 percent. &eater w t t h  leakage 
permitted past the rotor rear alr. seal that with leakage elimiIkted. 
Becauee the outlet guide vanes at leas t  V t l y  limited the air flow, 
a greateraeseured air flow would be delivered by the compressor when 
air was allowed t o  leak from the capreasor  ahead of tho gulde vmea 
to  the atmosphere. 

ance of the canrpreeeor i f 3  ahown in f igure 9 for the i n l e t - s i r  Condi- 
t ions of -59O F and 6.5 lncfrea of mercury absolute for the equivalent 
speeds of 13,600, 15,300, and 17,000 rpm. T5eee rwls w e r e  made with 
interstage instnuaente inetaUed.and w i t h  no air leakage permitted 
past the rotor rem air seal.  
2.70 t o  4.46 and the peak eff lciency increased from 0.66 to 0.72 aa 
the speed increased f r a t  13,600 t o  17,000 rEpn. 

I n  general, the peak p r e s m e  

The 

The maximum w e i g h t  flow through the cam- 

Caparison of performance at twa inlet  amdltione. - The perform- 

The peak preeeure r a t io  increased from 

- .  
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A cmpwieon of the performance a t  two in le t  conditione le pro- 
vided by f iguro 10. 
with reduced inlet-air temperature andrpweeure and references 1, 2, 
and 3 Indicate t h a t t h i e  effect is due t o  pressure rather- than t o  
temperature. The decreasB i n  weight flow varied from 6.0 percent at 
13,600 rpmto a maximum value 09 9.5 percent at 15,300 rpan and then 
decreaeed t o  6.0 percent a t  17,000 rpm. 

the peak pressure r a t i o  was @lightly lower a t  13 , 600 and 15,300 r p  
but conBfderabLv higher af the deeign epeed of 17,oc)O r p  than at 
inlet conditions of So F and 14 inchee of merctlry absolute. The 
difference i n  pressure ra t ios  at tho design speed is ex-lained by the 
f ac t  that the compressor was operated closer t o  the terminal eurge 
point f o r  the low-preeawe tea ts  than f o r  the high-preeeura teete.  
The amplitude of pres5uPe fluctuation at 6 g2ven rate d-~pulsatim 
wae lese at 6.5than at  14 inchea af mercury aBso1uts. 

The weight f low through the campreseor deCre8Bed 

At inl-et conditions of -59O F an8 6.5 Inches of mercury absolute, 

Interstage mtmmremente. - Cunree of interstage temperature and 
presswe through the cumpressor a t  the point of peak efficFancy f o r  
the runs w i t h  no leakage permitted are shown in figures 11 and 12, 
respectively. The tamperkturee presented i n  figure 11 are the observed 
temperatures i n  each eta4313 .through the camproseor. 
t h e  temperature varlatlm me irregular; the largeet  variatim 'occurred 
In the f i f t h  stage. 
pressure fn stage t o  the preesure in  the proceding etage 
(fig, l z (a ) ) ,  and t i l bo  ae-6he r a t i o  6f- the ireseurti in-w etkge to 
the compressor-inlet preeaure ( f ig ,  1Z(b) ) . 

The curves of pressure rat io  a c r o ~ s  any stage were very irregular 
at the high epeede; t h e  maximum p r e a w e  rieo occurred amoee stagos 5, 
8 ,  and 9 (fig. 12(a)).  A t  the deeign speed the preseure r a t i o  from 
the cmpreesor in l e t  t o  the first row of the outlet  guide vanes was 
4.2 but the preesure drop acroae t h e  two row8 C g u i d e  vanes reduced 
the over-all preesure r a t io  t o  3.72. 
sure acros8 the outlet guide vanee.occurred at a l l  speeds. 

A t  the low speeds 

The preseuree are preeentcd-as the r a t i o  of the 

A-c-tjn@araIilo &oh in t o t a l  pree- 

The performance data of tho 19XB comyreesor a r e  eummc.;rfzed ae 
f ollowe : 

1. A t  the design speed a€' 17,000 rprn and w f t h  in le t  csndit:ons 
of 59O F and 14 inchee of mercury absoluts, the peak o f f  lciency was 
0.72 , the peak pressure ratio wae 3.72, and the maximum w e i g h t  flow 
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w a s  33.8 pounds per second f o r  the runs with Interstage i n s t m n t s  
inetalled and with leakage permitted p e t  the ro tor  rear afr mal. 
A maxlmum eff lciency of 0.75 was obtslned at the equivalent speed 
of 15,300 r$m: 

flow thrpugh the ccmpreeeor was' incroesed approximately 2.2 percent 
and the ~ealctemperatqe-riae efficiency x&a increaeed Q.03 at the 
design speed, 

the rotor rear air seal decrenaed the peak &l&batYc tenperatme- 
r i s e  efficiency C.04, decreasd the wsighb flow 5 perconk, and 
increased the peak pressure r a t io  0.25. 

4. A change i n  inlet conditions fivm 59O F and 14 inches of 
mercury absolute t o  -59' F and 6.5 inches af mercury abaolute 
Increased the peak pre8aru.e r a t io  at design epeed 0.74 and decreased 
the weight flow approximately 6 percent. 

5 .  The results af the surveye w t t h  the interstage instments 
located in each stator ruw and the  f i r a t  raw OlT outlet  guide vanes 
indicated that sme nonuniformity of blade loading exieted and that 
a considerable loss of tot81 pressure wa6 occaeioned by the outlet  
guide vanee. 

2. When the interatage instrument6 w e r e  removed, the w e i g h t  

Only a slfght change in preeeure ratfo occurred. 

3. At the desiga epeed the elinination of the 8- leakage p e t  

Aircraft Engine Reeearch Laboratorx, 

Cleveland, Ohio. 
National Mvieory Camittee f o r  Aeronautics, 

Richard M. Do'tTning, 
Mechanic 11 Xhgineer. 

Harold. B. Finger,.' 
Mechanfcal Wineer.  

Apprwod: 

Robert 0. Bullock, 
Mechanical lhgineer . 

Oscar W. Schey, 
Mechanical E@neer. 
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TABLE I - DESIOW DATA FOR 19xe AXIAL-FLOW COMPRESSOR BUDES 
NAT I ONAL ADV I WRY 

COWITTEE FOR AERONAUTICS 

u.0 52.0 10.5 10.5 
.a u.0 
.o 12.0 
.o 12.0 
.u 12.0 

12.1 24.2 9.5 12.5 
12.6 24.2 12.1) 12.0 
1 3 1  U , a  
12:6 2412 lk3 E:% 
13.8 24.2 2.5 12.5 

’ 

14.1 23.5 1d.O 12.0 

3 8 s 

15.1 25.5 10.0 U+.O 

51.7 51.7 9.0 9.0 
I I I 

*Inlyt p l d r  rrner 
bFlrrt rom of outlet guldr v m o r  
okcond IW af autlat pl4c TI-8 

#.03 

014 
,016 
.a21 

.ala 

:% 
22 :::a 
.a52 
.016 
.032 
.016 
,032 . 01 

.01 

.Ol2 - 0 4  

.mi 

.03 
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F i  u e 5. - Performance charOcterlsttQ of 19x8 axial-flw CanpresSor for Inlet-air condltion8 of !d f ana 14 inches of mercury absolute r l t h  a l r  leakage past rotor rear a i r  seal m a  with Inter- 
stage I nstrumants Instal lea. 
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Figure 6. - Effect o f  interstage instruments on per- 
formance of 19x8 axlal-f l o w  compressor a t  17,000 
rpm at Inlet-air conditions o f  5Qo F and 14 inches 
of mercury absolute wlth a l r  leakage past ro tor  
rear a i r  seal. 
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FI ure 7. - Performance c h ~ r ~ c t c r i r t i c s  o f  iaxs rsial - f lo.  CoIsressor for inlet -air  con- 
% I t l o f t s  of * F ana 14 inches of  mmrcury absolute r ! t h  air  leakage part rotor rear 
a i r  real ellminitea ana aith Interstage instrments instal lea. 
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Pressor for  in te t -+ i r  conditions of  -so f and 6.5 inches of  
nercury 8Esolute.w th leakage past rotor rear a i r  seal e l  i m i -  
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Figure IO. - Effe_ct. o f  in le t  conditions on the perfonnance characteristics 
of  !9g8 axial-flrm carg*ssor with a ir  leakage past rotor rear air  seal 
e l  iminated and w.i,'L interstage i n s t m n t s  instal led. 
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Figure I I .- - Tanperaturn at  various stag- through the 19x8 axial-f low canpressor for 
in le t  conditions of  590 F and 14 inches of mercury absolute at the point'of peak ef- ficiency with leakage put the rotor  rear a i r  real eliminated. . 
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(b) Pressure ratio from inlet to any stage. 

Figure 12. - Total-pressure ratios at  various stager through the 19x8 axial- 
flow compressor for inlet conditions o f  * F and 14 inches of mercury ab- 
solute at the.point of  peak cfficlency with leakage past the rotor rear 
a i r  seal eliolnated. 
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