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MEASliamSNT OF ï J 75 ENGIi-JK TFiRTT.^T nraiIJG ARROW T FRIGHT T^Tq 

1) SUMMARY 

-assent 

iastrunentation onl^therefore aaequaoy of iostrm.entationls aLcuseef18 

7l/Perf/2eoa°Pr 8 ^ SrVSni tC ^ USed “ coXuaetion with report ‘ 7 /Perf/2 oa Progranning for Performance Data from Arrow I Flight Tests. 

rsine^st'tefra^br ff ThUney AirCraft :iun-in Fin^ Accepta.nce 
bhf r ^ < b d =alibration runs are also contained herein from which the following information is extracted for Y J 75 P - 3 ^npines No blOOV 
(port), No.610029 (stbd), No.610026 (spare) and No. bl^fspLe) 

for Arrow I Aircraft No.l 
Military thrust rating = 15,500 lbs. static sea level standard thrust 
with corresponding H.P. Comp. R.P.M-s of 3630, 3690, 8690 & %i5 respective^ 
^ach of these rpms are increased between 10 and 35 rpm to obtain N Data ^ 
Plate speeds of 98.80. 99 qq 70 oo '7^ H u- ua.ia 
3750 as 100% rpm. (see note 1)! reSPective1^ baa^ 
Average L.P.Comp. R.P.M. at military thrust = 0.768 So for exiFtinir en<rlnQ 

Average 'Aerodynamic " nozzle area = 510 (+ 2) sq.inches (A/B off)2 ‘g 8 

Th„. I&fJl u
9«d"

d SLS.ÎS*S«^A^Ï.“,,• 

r,P"rt 111 .«• !» to . 

NOTE:- 1) 
371? anri noi H o n 7J ^ “x ^ “avB s^a^-eo that LUO% No R.P.M. « 732 and 100% N]_ R.P.m. = 6774 and therefore the above oercent^ata nlate 
speeds should be revised accordingly, i.e. increase per^ïïfS bf 0.S 

“d ,''hitnfy Aircraft have statec that 100% N2 R.P.M. 
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) ADEQUACY OF INSTRUTvlEATATIc.-N FOR THRUST KE.ASUKI3aF.rfr 

A list of available instrumentation which can be used for thrust 

measurement during Arrow 1 flight tests is given under report 71/PEPF/2 
(sheets 2 8c 3). Complete engine instrumentation is not available and 

therefore certain estimations, based on manufacturer's figures for basic 
engine performance (Charts 3 & 4 Report 71/PERF/2) and on Avro Nobel lest 

TI/PERF/3) 3 I,ieth0d for ejector Performance (Charts 6 & ? Report 71/PERF/2) must be used to complete the calculations. In addition to using 

^so^rfaTT HtUrer’3 f°r bSSiC engine Performnce, their data must 
T from ea lnal n°ZZle total Pressure P10> and total temperature T10 from measured quantities at the engine inlet and turbine outlet for 
use in obtaining installed gross thrust (with ejector) values. 

Primary engine gross thrust determination depends on turbin outlet 
total pressure, P7, measurement which is adequately measured by manifolded 

* tTSrrrS- Prlrntry ensine moment™ drag depends on compressor 
PI'eSSUre) and p2 (static pressure) measurements; the former eing adequately measured by 2 or 3 representative probes (after rake 

mooted nth !ehthealatter 13 Ineasured by a single wall static vent mounted on the inboard side on the centre line of the inlet duct apcrox 
6 feet upstream of the L.P. compressor face. This static vent pressure 

measurement is primarily used for structural loading investigations and can 

lnsideltYePreSent StaUC Pr®3SUre 3t the engine Amentum dÎag consideration since relative area: should be the same (after allowing for 

is extracted8tonth9°S8 h'11^ ‘ Ho"ever> aPPr“- 3% total air weight’flow 
and fi! r d the overboai'd cooler just upstream of the compressor face 

tnhheef°re the Static Pressure measurement should be increased approx 

îabîe ÏÎ m°re repr9SentatWe pressure at the compressor face! (See 

Determination of installed gross thrust (with ejector) requires the 
measurement of air weight flow and total temperature at J b -p ss exît 

f e Statice!rSerme ^ PB’ TB and PB “-a °bba^ed by various means, i.e. btatic pressure, pB, ia measured near the by-pass exit relative to 

padding P tCoPîpeSSUr:',Pi,
T ;

briUte PB Ca" therefore ba -addby oht^ned 
upstream of1^ andBfl °tal by‘Pass temperature, T is measured upstream of pg and assuied equal to T near exit. TotalVessure P is 

-!d UPfream (appr°X- mi§ Jet Pi?6» b^ 13 actualisa sf^ic 

relatively^o^mean Mach^mbeÎV/ ^"iirbe^s's"^ ^ Tth St9ti°a " 

robif T V1.07. Mea^^nls^f^rrar^ d hab single^ 
Mne D! ad^t13 0n tW0 pr°bea- and one below the jet 

measurements for average refding! are wen k neasal'ements compwed to rake 

exercised in interpreting the !esuUs îaeeoi r9^9 b® 

^d^6 rengine -d ---aî"-d^3Bywi?rbemea::3ef:rs 

1 , , ' fogreming for performance data from Arrow 1 flight tests 

c^Sio^ reP°rt 71/PERF/2 13 ther®f0re 7alid sy metiicaîTowL 8 

,5^ 
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Geometric areas must be measured at the reference stations (by-pass 
exit and engine face inlet) and then corrected to an effective area 
using an estimated coefficient for use in appropriate air weight flow 
formulae. Air weight flows will be obtained as an output from IBM 704 

computations as well as final net thrust. If these air weight flows do 
not reasonably agree with estimates (due to inadequate instrumentation) 
the area coefficients or pressure measurement coefficients can be adjusted 
such that a good measure of thrust is obtainable which should be consistent 
foi all flights using the same instrumentation. A preliminary estimate of 
area coefficients is .97 and .93 for engine face and by-pass exit respect- 

ively. Probable tolerance on these area coefficients is approximately 
.025. y 

In conclusion, it is stated that a reasonable or consistent measure 
of thrust is expected from available instrumentation. Some deterioration 
in thrust measurement accuracy is expected at the lower engine powers at 

high altitude (low ambient static pressure) due to inadequate instrumentation. 
Use of two or three range pressure measurement instrumentation at the 
engine face and at the turbine outlet would improve overall accuracy. 
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l'AELE I EFFECT OF iriSTftUiUENTATION ACJURACf O;; jCTERIilUATIO;; OF AIR 

WEIGHT FLOT MD iiOtlEilTUM DRAG AT ENGINE FACE 

Nota: 1) Wg = P] 

= \/J^_ x p2 A2 M2 
V Rt2 

p2 x A2 x «2 x 

"Rti 

y-i 

\fyg »t2 

where "static t2
n = "total T2"/p2\ y 

IM 

.236 

2) mF V 

3) M; 

WE x V 
[Fi") 

where V = free stream velocity 

-1 

P2i y-i 

.286 
-1 

P2 

For 1$ error in pressure measurement at engine face 

M2 = .5 tolerance ♦ .015 = + 3.0% 

M2 = .4 tolerance = * .019 = + 4.75% 

M2 = .3 tolerance = + .025 = + 8.3% 

Hence if P2 measurement is in error by * 1% then t 2 will be error 

* .143% and Wj; and mgYwill be in error * 3.14% at M2 = .5 

* 4.39% at M2 = .4 

♦ 8.44% at M2 = .3 

If p2 measurement is in error by 1% the effect on Wg and mE x V will 

be similar to that for P2 but with the absolute value of the error 

reduced by 1%. 
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TABLE II EFFECT OF I,iSTRUMK.iTATION ACCURACY ON DETERMINATION OF 

AIR '.TSIGHT FLOW AT BY-PASO EXIT 

NOTE:- 1) ??E = AB Vg = PB x 
AB * MB xUyS Rt 

Rtg 
. FT 

= ^ .jlfL. PB aB 

2) M 

Rtg 

2 
if 

/ \^-x 
/PBYT~ -1 

y-i 
5.0 PB V236 -1 

For liJ error in pressure measurement 

M = 1.0 tolerance = + .009 = + 0.9% 

M = 0.3 tolerance = * .010 = + 1.25% 

M = 9.6 tolerance = .013 = + 2.2% 

Hence if Pg measurement is in error by + 1% 

Then Wg will be in error + l.O^Jat Mg = 1,0 

* 1.3%at MR = 0.3 

1 2.?<r/at Mg = 0.6 

If pg measure-iient Is in error by 1), the effect on will be similar 

to that for Pg but with the absolute value of the error reduced by 1%. 

Any error in Tg measurement causes an error in Wg whidi is inversely 

proportional to |J Tg . 

3) THRUST MEASUREMENT TECHNIQUE 

The following symbols are used in the derivation of ensuing 
formula^:- 

capital T 
capital P 
smal1 p 

F 
X 

G
ï_
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This equation is used for A/B off only, for which it can be assumed that 

P. 
10 .99 (where P^ is measured). 

The ratios F„ F, 
and are obtained from «xperimental data 

i.e. for A/B off, a NACA solution is used (Chart VI of 7l/Perf/2) 

and for A/8 on, Avro I.'obel Test results are used (Chart VII of 7l/Perf/2) 

To determine FQ 
and 

values of P^g and p must be known. 

*■0 

?10 must be derivea from measured -I... , which for hf'S off 
* P 

= .99 P? (as above) while for A/B on, P10 is derived as follows:- 

P p 

According to J T 4A Engine Installation Handbook 

*10 

then Xc 

0.1297 XG + 0.8 p for A/B on, aid if A10 = 6.393 sq.ft., 

= 1.250 P 10 - 1 

.9b5A1Qlo 

It is therefore evident that a nozele coefficient, based on P]_Q , of 
.965 was used. 

Now Cg (Chart IV Report 7l/Perf/2) is based on Py . and the difference 

p 
between Cg and .965 is assumed to account for the pressure loss from P7 to 
p10 7 

XG 

Gg Ai0 P 

and X, 
+ i P10 

.965 A10 p 

Solving these two equations 

(based on Py j 

(based on P^Q ) 

— (4 

0) 
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For evaluation of u which equals Wg 
*To 

are made: 
iO- 

TB the following assumptions 
To 

a). WB (Ibs/sec) and TB (°K) are air weight flow and totàl temperature 
as measured in the bv-pass near the final nozzle. 

w WB * _ \ 2X 1 -v±yi> ^ V ^'1 L (PBJ 

PR 
A

B 

T /PBV
286 i-p 

\,286 

for^- 1.4 , R =96.02 

b) : atr weight flow through the primary nozzle^which for the VB 
off case is assumed = engine inlet Wg and for the A./B on case is 
assumed = WR < QA/B (A/B fuel flow,lbs/hr) i.e. engine fuel flow 

Wv 
(approx 2.5# of Wg) is assumed to offset airbleed & leakage 

"E t 
P2a2 fF 

\JW2(p| .286 

.286 

for)f= 1.4 i R = 96.02 (6) 

b) T10 = T? (°K) for A/B off and ÜT10 (°K) r 

M +0.8 
.00091 

,00219|^.j- .02 

.745 XXG 
WE * Q. A/B 

3600 

for A/B on (p in psi ) (7) 

Formula (7) ia obtained by combining two equations from J.T.4A Engine 
Installation Handbook and letting W^Q - WE -f- Q. A/B 

3600 

i.e. Combine T10 = *GA 

12 
10 

2.435 - Ii97 

‘10 

for T^0 in °R^with P^Q = 

0.1297 4.0 0.8 p for p in psf. 

Î!» 
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To derive Installed net thrust (excluding external pressure drag around 
ejector), momentum drag and spillage drag must be subtracted from installed 
gross thrust » 

i.e» ïj} a ?(> - ®v ~ DS 

Momentum drag, my, is determined by mass flow measurements at the engine 
face, to which is added the mass flow as measured in the ty-pass near the 
exit and then multiplied by airplane velocity. 

It should be noted that 

lo Wg is airflow that enters through the by-pass doors and/or through the 
blow in doors. It is assumed that air entering the blow in doors (at low 
Marti number, low altitude) is extracted from the free stream at free stream 
velocity. 

2. Airflow through the inlet duct *to the overboard oil cooler is 
neglected since this airflow is less than 3$ total air flow, and 
approximately ‘>0$ of the momentum drag of the oil cooler air flow,is 
regained as thrust at the overboard cooler exit. The effect therefore 
is less than 1^ on total momentum drag and less than .75$ on net thrust. 

Intake spillage drag is not directly measureable, except by suitable 
flight tests such as accelerated levels at various engine settings, and 
hence wind tunnel data will be used. This data may, change as the tests 
progress. Intake spillage drag data is presented as curves of oCDg an<* 

S = area • 40.98 sq.ft, 
p a ambient static pressure 
M - Mach number 
m^ = actual inlet air weight flow 

r air flow to engine, Wg, as measured 
t air flow in by-pass,Wg," as measured 

^ + air flow to overboard cooler, W^, (assume mean value • 5 lt/sec.) 
m^ a inlet air weight flow corresponding to choked conditions eit the 

throat 
mo a nominal or capture air weight flow 

i.e. my ç (Wj,; *■ WB) M x  

32.2 

«diere Wg is obtained from equation (6) . 
Wg is obtained from equation (5). 
M B true Mach number 
T0a true ambient air temperature °K 

versus M ( see chart VIII Sc IX Report 71/Psinw/o Tamm o'! 

where CDS » spillage drag coefficient = 
versus 

mo nij 
G
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Adding Wg and WC t0 'tE t0 obtain mi is not valid when the by-pass doors era 
closed. This only occurs at low altitude, low Mach number and therefore is 
unimportant for spillage drag considerations» 

Now affective inlet throat area s »97 * S06 z 5«43 sqoft, 
and capture area » 10»18 sq0fto 

Therefore, spillage drag can be evaluated knowing W?l WB, P, M, T0 and using 
charts VIII h. EC of Report 71/PERF/2 Issue 2. 

Installed net thrust can then be compared to primary net thrust as 
determined previously, in order to verify installation affects. The latter 
thrust is also useful for comparison to engine brochure curves ( after 
correcting for ambient temperature to standard, intake pressure recovory 
power extraction and air bleed) and should be more reliable since it will 
have been based on P0W»A. approved thrust coefficients and turbine outlet 
and engine face total pressure measurements but with the exception of 
unapproved static pressure measurement'at the engine face» 

Hence 

RT0 

M j T0 s &»97 pM for p in psf 

f!o 

and T0 (amb. static temp.) in °K 

* 

= (pAV)throat 
th. 

= 1.962 Pth for Mth * 1 , Pth = 1.894 Pth & R - 96.02 

Now T0 (1 ♦ .2M2) = tth (14- -ZM2)^ “ 1*2 tth 

1 3
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C0RÆCT2D PSilFORÀ'.:\NCE (ARROW 1 A/C Ho.l) 

(P.W.A. RUN IN AND FINAL ACCEPT A'iCE ENGINE TEST, 3ED C AU 5 RA? IONS) 

Engine:- 610034 (port) 

Power 

Military 15,500 
Normal 13,7 30 
1% Norm. 10,300 

,'il 

3639 6630 
3330 6250 
7940 5550 

T.S.F.C. 

.i 92 

.759 

.726 

PT 

?/,
PT 

Engine:- 610029 (stbd.) 

Military 15,500 3690 6640 
Normal 13,730 3450 6230 
75% Norm. 10,300 3020 5600 

Engine:- 610026 (spare) 

Military 15,500 3o90 6670 
Normal 13,730 3445 6310 
75% Norm. 10,309 7955 5530 

Engine:- 610027 (spare) 

.797 

.757 

.723 

1057 
947 
732 

107 3 
960 
337 

.733 1068 

.760 950 

.733 790 

Military 15,500 
Normal 13,730 
75% Norm. 10,300 

3715 6715 
3450 6335 
7915 5560 

.306 

.7/5 

.737 

1065 
965 
815 

2.0 
2.33 
1.99 

2.51 
2.34 
1.93 

2.49 
2.33 
2.01 

2.51 
2.35 
2.02 

No Data Plate 
Speed (NIAS 60e 

2 l.F.. . 

3645 at 93.30% 

:719 at 99.55% 

3/25 at 99.72% 

3725 at 09./2% 

Note:- Percentage (Nj) R.P.fii.1 s baaed on 37 50 as 100% 

Average Military N]_ = .7c3 Ng 



Engine:- 610334(port) 

Power Corr. F,^ 

Mil.Non A/B 16,O40 

Afterburner 2- ,520 

Engine:- 610029 (stbd) 

Mil.Non A/'B 16,610 
Afterburner 25,220 

ngine:- 610026 (spare) 

Mil.Non A/B 17,030 

Afterburner 26,000 

Engine:- 610027(spare) 

Mil. Non A/B 16,675 

Afterburner 25,150 

0bs.N2 T.S.F.C. 

3600 .327 
3610 1.933 

-.670 .120 
.665 1.92 

-690 .324 

3o35 1.90 

3700 

3695 1.94 

BIAS.T.S.F.C. TT2 (°F) 

32 

1.945 32 

33 

1.93 32 

32 

1.915 31 

40 
1.95 40 

!5* 
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PETE iMINAT ION OF AERODYNAMIC NOZZLE AREA 

v P - -3 ENGINES FOR ARROT I A/6 No. 1 

P-W.A. RUN IN AND FINAL ACCEPTA.^-. TK..CT BED CA;,IBRATIOWS 

Assumptions 1) X.Ç 
cg ^10 p 

A10 

1.255 

Hote:- 

2) 

G/(CS x p) 

1.255 P7 - 1 

~P~~ 

and *G 

P2 

2) 

At same Ng P7 
on = ^7 

1
 ~PT 

C from / 1/PERF/2 Chart III A/B off 
g Chart IV A/B on 

P.W.A. Final Acceptance Test Bed Calibrations 
have been corrected to standard sea level conditions 

Nominal A10 for ï J75 P - 1. 3 and 11 engines 

= 530 sq.in. (A/B off) 
= 921 sq.in. (A/B on ) 

A10 values are calculated at actual test points 
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