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DT!R-IEPAR'l'Mffll'AL MPMORANDUM 

Reta 8355/20/J 
Date I Jul.)- 2J, 1957 
To a Mr, J ,D, Hodge-Technical night Test Co-Ordinator 
Froaa J ,B, wcaa-Chier of Pertonunce Evaluation 
Subjects IlfSTRQMENl'ATION ~IR!JeNTS FOR fFNQRMANCPi TF;STOO OF ARP! II 

AIRCRAFT WITH CCl:1MEffl'S QB INSTRUMENUTION FOR ARROW I AIRClWT 

RW/df 

J.tt&ched herevith, pleaae fint report 70/Perf/l on pre11m.inary 
te•ting and instrumentation requirement.a for performance testing of 
the Arrov II aircraft. It is usUIDl!ld that tvo aircraft (numben 
6 & 8) -will be available for detailed performance tea ting and the 
included list of te•t1 and list or instru-.ntation should appJ.T, 
J. third aircraft (number 7) may be available for preliminary 
•airworthineu" test.a, which would then be delivered to Orenda 
Engine• L.1JD.1ted for evaluation of the engines, Certain instrumentation 
should be available 1n that aircraft (a1 indicated), 1n addition 
to Orenda Engines Limited requirements, 1n order to obtain general 
performance data during the prelim1nary airvorthineu teat.a and 
pouiblT during Orenda Engines Limited testing, 

It 18 al•o auUIDl!ld that J.rrov I aircraft (number 1) -will not be de­
voted •pecifically to performance te•ting, although general perfor­
mance data 'll&Y' be obtainable -with th"' existing instrumentation 
during the coune of other te•te. Some compromise betveen available 
instrumentation and required performancl'l data -will be neceuary, A 
tinal list of available instrumentation •hould therefore be made 
in order to uaeu the extent of any performance pro~, 

J.ppendlx I to report 70/Perf/l •ummarize• a thrust measurement tech­
nique and applicable formula. for perlonianoe testing of A.rro'W II 
aircraft, J.ppendix II vill be 181ued to cover engine or thrwlt 
measurement data obtainable from Arrow I inatrumentation, 

ce Me••ru I 

J ,A, Cllamberlin 
F. Brame 
W,D, Ra)'IIIOnd 
Cenpl File• - -without encl, 
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Performance test• required on .l\ rrow I I a irc:ra ft are s um.;1'l 1· j zed below, topet.h er 

with a discussion of techni yues. It should be realized that t es t t echnique 

is being further investiga ted and is therefore given in ganeral t e rms and is 

subject to ch•inge and refinement. 

ll) Aircraft Drag and Fuel Consumption llite : Previ ously ( on C-100 aircr·aft) 

this data Wll s obtR ined f ram numer·ous steady level fli ght measu rement s . 

D A TE 

On s urersoni c a ircrn ft, such a s the A.rrow, a vas t number of st eAd ;1 1 evel 

speed points would be rt.quired to cover the complete spe ed and Rltitude 

range. Also, it is c1 nticipa ted that excessive time would be r pquii·ed to 

stabilize in steady supersonic l evel fli ght. He nce other method s are to be / 

employed v,ith only s ever.i check points in the s te':id y level fli g ht cond iti o n. 

It is recommended that continuous lift and dr;i~ measurem E: nt s be m9 de by 

accelerometer and/or enerc,y m,,thod. For the 'lccelerometer m':!t horl , use is 

made of thd followin ~ formulae:-

1) 

2) 

3) 

4) 

5 l 

Equations 1, 2 and 3 are applicAble fo r ma no euvre R in a s in~le verticn l 

plane only (1 .e. strai ght pul l ups, pu s h overs And loops) where n = normal 

acceleration as measured normal to A/C dat um. 
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AL = longitudinal acceleration as lllt' asured parallel to A/C 
datum. 

,)_ = measured angle of attack corrected for A/C pitching, 
bending, and upvash, 

6 = angle of flight path relative to horizontal. 

Uo = initial T.A.S. for each increment, originally measured 
under steady state conditions. 

Ho = initial pr,o,ssure attitude for each increment, originally 
measured under steady sta'e conditions. 

Vsin8 x Ts/r = increment in pressure altitude in which Ts/r vould 
need to be neglected for convenience. 

In equation 1 successive approximations fore are neceasary to 

determine A9 . However, one approximation for 6 (or using initial 

8 ) for each increment will suffice providing t:i.t is small. 

For the energy method, speed and altitude ar,o, measured directly 

but account m~t be taken for A.S.I. pressure lag. Lift is 

ieterminl'!d ~ing thl'! same formula #5 where "n" must be measured 

and A1 determined from speed measurements or sin~ assumed equal 

to zero. Drag is d,-.termined f~om the formula: 6) 

The accelero~ter method is pref,..rred (r,o,f1 NACA TN 3821) for 

;i\\ich an accurate accelerometer design is given in the referenced 

report; but the energy !DA'!thod do,..s not require additional 

instI'Ulllt',ntation and therefore can be used as a standby or comp­

limentary method. Both methods require accurate thrust measurement. 

Considering now flight technique, it is &8sumed that gentle or 

gradual menoeu.re11 will be carried out and a complete t~ 

D AT E 
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history of lift, drag and Mach numb,-r will b,- ohtainabl•. 

One of these variables must h,- h•ld constant for ea.eh run 

and U!!,-d as a parameter for plotting th,- r,-!Illl.ining two. 

Holding lift constant entails carrying out acc,-lerated and 

decelerated level flight measurements; while holding drag 

constant entails holding constant (high) power in steady 

level flight and then gradually tightening into a turn at 

constant altitude. To hold Ma.eh number constant r,-quir"'s 

either a climb test or a test initiated in steady level flight 

at low power and then a gradual incr"'ase in power and normal 

acc,-leration. A combination of methods is desireable for cross 

ch"'cking, but a primary method should b,- chosen which will 

cover as much as possible of th,- speed and altitud& rang,- of the 

aircraft. It should be not,-d that if power is st,-ady or 

changes are gradual it may be possible to obtain fuel consumption 

data 811 well, otherwise special t,-sts will need to he carried out. 

b) Position Error Data.1 Position •rror by the Aneroid (or tower 

fly past) method is deemed U. most conveni,-nt and accurate m,-thod. 

It is limited to low altitude and to th"' maximum permissibl,- speed 

of the aircraft at or near sea level which for the Arrow II 

is 700 knots or M == l.o6. At or near this Mach number 

the position error should fall to approximately zero due to 

passing of a shock wave over the pitot static tube. Hence 

it may or may not be necessary to test to 

DA TE 

I 
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higher Ma.eh numbero Usually it is sufficiently accuratl'! to 

"expand" sea level position error data to high altitude but 

it may be necl'!ssary to check the "expansion" at the extreme 

altitudes of the Arrow II aircraft. If position error data must 

be established beyond M = l.o6 and at high altitude, (or at 

varying lift coefficients), thl'! availability of accurate radar 

tracking facilities should be investigated. Other position error 

methods exist such as the pacing method (requiring a sl'!cond 

aircraft which is accurately calibrated) the speed course method 

(requiring calibrated vertical ground cameras) and the trailine 

bomb method (requiring a trailing bomb which trails beyond 

the sphere of influence of the aircraft). The trailing bomb 

methods is ......U,- used to determine. po!'!ition error data at or 

near the !'!tall; but since the A:rrow aircraft does not normally 

operate very near the stall, this method may not be necessary. 

Climb and De!'!cent Test~: Climb and descent data will be 

required to check the overal fuel, time and distance to and from 

altitude; and also to find a.n optimum techniqu~ for best fuel, 

be!'!t time, a1d best fuel for a given time, to an altitude and !5peed. 

Partial climbs will be required to determine thl'! optimum 

technique to obtain maximum altitude f rom a "zoom and push over". 

d) Take-off and Landing Teetp1 Take-off and landing data. will be 

obtained from ground measurements for which a long rang"' 

ground camera with telephoto lens is requi~d and which should 

cater for the lengthy ground runs (up to at least 6000 feet 

D ATE 
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Inatrumentation Requirements are as follows:-

1,0 Pilot's Cockpit Instrumentation 

1.1 A.S.I. 
1,2 Altimeter 
lo3 Machmeter 
1,4 Fuel remaining gauges 

R=C'O RT N o _7:...C0:.L/...::P_.:f')_r_f,_/1 ______ _ 
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1,5 I113trumentation recorder controls for various sampling frequencie.s 
( 1 and 20 per second) 

1,6 Signal switch to code instrumentation records. Ttis switch 
should al:so operate a "radio link" signal when nec.-ssary (for 
take-off and landing t!'sts) which will instantaniously code 
ground camera and A/C instrumentation records, 

Required 
2,0 &cordY!S Instrumentation ~ 

* 2,1 Record number 
2,2 Sampling fr!'quency 

(at pilot's descretion) 1 & 20 
per sec. 

* 2,3 Time sc11.le 
* 2,4 Coding signal 

2o5 Parachute selection sig.-
* 206 A.S.I. diff, pressure (}.']20,1440 

(3 off) & 2880 psf 
2,7 Sensitive A.S.I, diff. 

pressure 0-1.44 psf 
* 208 Ambient static press. 0-288,720 

(3 off) & 2160 psf 
2,9 Sensitive static 

pressure 1800-2300 psf 
* 2,10 Ambient air temp. -65 + 350°F 

2.11 longitudinal acc. + 1 g 
2.12 Normal ace. :3 + 8 g 

* 2ol3 Elevator a.ngle -3o+20 deg 
2ol4 Dive brake angle o-65 deg. 
2,15 Angle of attack -lo+20 deg. 
2.16 Pitching velocity -30+30 deg/sec 
2,17 L.P. Comp. r.p.m. 0-110% of ma.x 
2,18 H.P. Comp. r.p.m. 0-110% of I!lA3C 
2,19 Engine fuel flov 600-25000 PP!, 
2o20 A/B fuel flo'W 0-40,000 pph 
2,21 Total fuel go11e 0-3000 gals 

Accuracy 

± 0..1. seo .. .. 
± 75% of max 

.. 

.. 
± 7 psf 
;t ,5% of ma:t, 
+ 1% of mu: 
+ .5% of ma.x ± ,3 deg. 
;t 2 deg, 
;t ,1 deg. 
:t ,5 ~(),, 
;t.5% of ma.x, 
+.5% of ma.x j 
+,5% of ma.x 
+,5% of max 
±-5% of max 

for special tite 

for aneroid P . 
1 sec. respone 

port & strb I d 
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;- ec;uired 
!t•rnge hccurecy 2 .0 !'leconl in " Jn :o tr 1Jment 0 t i on r em'.l rks 

2.22 fol et i:luc t (nellr en:·ine) (port & stbd) 
;, ) dynamic pressure 

(P1---'i>1) 
L ) , t a tic pre ssur ,, (~1) 

C) T0t!'l 1emperAture 
(Tl) 

0-14/,0 psf 
0-720 psf 
0-5000 psf 
0-2160 psf 
0-2P8 psf' 
-65 + 350°F 

:!:,75% of 
:!:,75% of 
:!: ,75% of 
:!: ,75% of 
t. 75% of 

:!: ,5% of 

mex] 1 or 2 r,ikes ecros s the 
max diameter with l0P1,l0t\ ♦ 
max 6T1 probes eci ch. C.:he , 
max probes should represebt 
max equA l enul':lr ''reas & I 
mex. be ma nifolded tO[Pth~r 

2.2 3 ~n~ i ~~ Inlet (D comp. face) ( port & Stbd) 
t.75 '}{, of 
:!:,75% of 
:!:,75"/,, of 
t.75% of 
:!:,75% of 

e) d:• n,i1:: ic pres., ur e 
(P1-~1) 

b) static pressure (P1 ) 

O-lL.40 psf 
0-720 Psf 
0-5000 psf 
0-2160 psf 
0-288 psf 

2 ,24 Se condl'l ry airflow (,;;_ primary nozzle 
a) dyna~ic pressure 0-720 psf 
b) stl'lti c pres sure 0-5000 psf 

c) Tot~l t emperature 

2 .25 :0.trllctor wall statics 
(i nside face, Rft of 
primary nozzle exit, 
fort & stbd ) 

0-2160 psf 
-65 +550°F 

0- }000 psf 
0-720 psf 

2.26 Frimary no~zl e diameter 28" - 38" 

max} 3 or 4 rqdial r a kes 
mAX with 5P1 5P1 & JT1 
max ea ch . ~::Sch probe 
max should repre sent eGuAl 
max ereas and be lllflni fold~d 

tofe th er 

exit plane)(port & s tbd) 
::1 % of max l everare r ead i n,:s fr om 
=1% of max 2 or i rl'lkes with J 
=1% of mex probes ea ch 
=1 % of max 

'!:1 % of max} Approx. 3 lont- itud inal 
:!:1~l of max rows of 8 to 10 vent s 

eech. 

Averege of J loc·, tione 

2.27 by .. pR ss door pos ition 

2.28 blow in door pos ition 

open or closed 1 s igna l switch 

open or cloEed 1 or 2 si gnel switche~ 

2,29 Turbin r, outlet (port & 
a) total pr essure (P6) 

b) total t empe r<:1 ture 
(T6) 

stbd) 
0-8500 psf 
0-3500 psf 
o-Poo0 c 

2.30 Swineing Probe (at extrActor exit, 
a) dynAmi c pressure 0-6000 psf 

(PE"-i'E) 0-WPO ps f 
b) static pres sure (l'E) 0-3000 psf 

0-720 psf 
c) Frobe position across 60" 

extrllctor 

!.5% of mex') 
:!: , 5% Of ml'lX t 
'!:. 5% of max) 

\ ver sge rel'ldings from , 
at l east 1 rake of 5 I 
pr obes each 

!.5% of max Swing probee with 

port & stbd) 

~-5%ofmax] 

!,5% of mex 4 second immersion 
!.5%ofm,ix @5rpm 

!0.1" 
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Reguirt!d 
3.0 Ground Equipment ~ Accuracy Remarkp 

3.1 Engine test bed faciliti9a 0-26,000 lbs .:t .5% of max 
for thrust measurelllt!nt 

3.2 Aircraft thrust stand 
facilitites for thrust 
measurement 0-50,000 lba .:t .$% of m.ax to be inve11 It-

3.3 Aircr&ft Yeighting scale 0-70,000 lbs ± .5% 
igated 

of max 

3.4 Radar tracking (P .,E•;) facili tills 
a) height measurement 20,000-80,000

1 

.:t -~ of max } to be inves t-
b) speed measurelllt!nt 200-1300 knots,± .~ of max igated 

3.5 Cine camera for T .0 
and landing meas. 
a) azimuth scale .:t 60° .:t .1% of max 

} 
I 16 frames 

b) 
i:er sec. 

time scale 3 min .:t .]% of max 

3.6 Camera for aneroid P.E. tests 
a) height measurement 0-500 1 .:!: 1% of mu: 

3.7 Fuel S .O. hydrometer .7 to .9 ± .002 

3.8 Refuelling gauge 0-3000 gala .:t 10 gal11 

3.9 Anemollll!ter 0-50 mph .:t l mph 

3 .10 Barometer 28-31,. Hg .:t .051t 

3.11 Thermometer ;t 400C ;t .5°C 
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4,0 Additional Equipment 

4,1 An air or wat•r cool,.,d jet pipe total h•~d prrssuT!! 

rake installed near the final nozzl• of t h• primary 

Note 11 

spac•d to represent •qual anular areas ~nd th•n man­

ifolded to record an average pressur •. 

Item., denoted (*) should also be incorporate d on Arrow II 

aircraft ho. 7, for preliminary ~airworthiness• t•sts prior 

to delivery to Orenda ~ngin• Limited, It is asswned 

that engine in.,trumentation (such as RPM, fuel flow 

and air flow) will be installed ac cording to Orenda 

Engines Limited requirelll!'!nts, 

2: Items 2.22 to 2,JO inclusive constitute a preliminary 

list of instn.unentation requirement. for th~t measure­

ment on the Arrow II aircraft (numbers 6 and 8). From 

the measurements it should be possible to determine 

total (exit) gross thrust as well as primary and secondary 

contributions. Momentwn drag can also be determined, 

from engine inlet mea:1urements, including and excluding 

that through the by-pass. Hea!lurement of airflows to 

overboard cooler and from compressor airbleed are deemed 

unnecessary with the existing instrumeration. 
Inves-

tigations are being carried out to determine whether this 

instrumentation is practical and whether alternative 

methods would be mor!" practical. (see Appendix I on 
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Technique and Formula for Use in Th~t ~Mur,o,ment). 

3 1 All pi tot measurements in or around th" engin.- should be 

lllt!&Bured relative to static (1,,-,, dynamic pr,o,ssur,-,) in order 

to decrease thl'! required range and thereby incr,-,ase th .. acc­

uracy, Where corresponding static pressur,o, is not available 

( turbin"' outlet), total head pr,.s1mre may be lll&&eured on 

an ~bsolute pr,o,ssure transducer, 

41 A.S.I. data or ambient pitot-static measurelll!'!nts forth,-, test 

s;r.it,.,m should be obtained from the nose boom "pitot and primary 

static" system with the differential and static pressur.­

transducers 110unt,-,d as n,o,ar to the sourcta. as possibl,-,. No 

oth"'r test instrumentation volum,-,s should be incorporatta.d. 

5: It is as:mmed that ArrO'W I aircraft (number 1) will not be devoted 

sp,-,cifically to p,o,rformance t,-,sting, although gen,o,ral p,o,rf-

ormance data may be obta~nabl.- with the existing iru1trurnentation 

during thta. course of d:.her tests. In general, all itta.ms, 2,1 

to 2 .29 inclusive, will be av~ilabl"' in various stages of 

initial flight testing of that aircraft, with the probable 

exceptions of1-

a) sensitive dynamic and static pressures (items 2.7 & 2,9) 

b) 

c) 

secondary air flow measur,.,ments at final nozzle exit 
plane and extractor wall statics (items 2,24 & 2,25) 

final nozzl,-, diameter and by-pass and blow-in-door positions 
(itelll8 2.2G - 2.28) 

If possible, these should be measured eimultaneously vith remaining 

inatrumentation euch that preliminary performance data may be 

DATE 
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obtained when necessary. 

Primary tbl"l.1-'t data can be obtained from the turbine outlet total 

pressure measurements, providing a calibration of this is made on an 

engina test bed. The calibration determines effective final nozzle 

area and total pressure loss from the turbine outlet to the final 

nozzle. Determination of total pressure loss requires the measure­

ment of total pressure near the fin.al nozzle by mearu, of air cooled 

or water cooled probes, and although this is highly desireable, 

it may be omitted and effective final nozzle area based on turbine 

outlet total pressure. 

Also, during Arrow I testing, A..S.I. differential and ambient static 

pressure measurements may be required in duplicate, but measured 

from independent sources. i.e. Ba.8ic data will be measured from the 

"nose boom pitot and primary static s~tem while reference data will 

be measured from the lower fin pitot static (see P/SystelllB/18). 

DA T E 

DAT E 
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APPENDIX I 

TECHNIQUE & FORMULAE FOR USE IN TURBO-JET THR UST MEASUREMENT 

1) Swinging Boom 

Total (primary and extractor) exit gross thrust should be 
determinei from the swinging boo~ which will measure total 
pressure E and static pressure 1'E on a traverse across 
the diameter of the exit. The traverse will not be precise­
ly across the diameter of the exit due to the arc described 
by the boom but by measuring boom position it should be 
possible to plot boom measurements versus representative an­
ular areas to cover the complete ejector area. Gross thrust 
is then calculated as foll ows:-

XGE = mE VE + (:PE - :P)AE=AE VE2 f E + ( - :P) AE 

PE)'tf J 2 Now VE = ME aE and ME :J 't -l 

& a 

Total temperature for mass flow and momentum drag consid­
erations, need not be measured on the swinging boom. It 
would enable momentum drag at the duct inlet to be deter­
mined if overboard cooler and airbleed flows were also 
measured, but duct losses should be differentiated or con­
sidered independently and mass flow can be more conveniently 
and accurately measured at the engine inlet. 

2) Primary Jet 

Measurement of gross thrust in the primary Jet is required 
in order to differentiate the total swinging boom measure­
ments into primary and secondary contributions. For this 
measurement, use of a final nozzle total pressure probe 
(or rake) would give the most direct indication. Due to 
the high jet pipe temperatures, with afterburner on, the 
probe would need to be air cooled; but even when cooled 
a probe at this location has a maximum life of approx­
imately 8 hours with 1 hour afterburner operation. Hence, 
use of turbine outlet total head pressure measurements is 
recommended, which should be calibrated, for pressure loss, 
against an air or water cooled final nozzle total head pres­
sure rake on an engine test bed. 

DATE 
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2) Primary Jet (Continued) 

These ground measurements would also determin e effective 
final nozzle area. It will then be assumed that the pres­
s ure loss is independent of altitude; but if the life of 
the final nozzle probe permits (after ground calibration) 
the pressu re loss should be chec ked in flight at maximum 
possible altitude. 

Hence if t urbine outlet total press~re, P6 , is measured the 
pressure loss, ~P, is subtrac ted to give final nozzle PT; 
and then use is made of equation (1) to calculate gross 
thrust. Some simplifications in the formula are possible 
since be~low choking.:P7 ==ri and above choking P7 = 
17(1+¥M1)'f-i = ~ (i;l) Y- where M7 = 1 

I XG 21 ( Y-1 7 Therefore, below c hoking A~ =r-l (P7 }-Y- -:J 
and, a bove choking 19 a (l+1) [vh)-!i i!t)-1-•-----· -(

2
) 

Hence determination of XG requ ires measurements of :P, A7 
and P7 where~ is obtained from ambient A,S.I. data. 

A7 i s obtained directly from final nozzle measurements and 
corr e cted to effective A7 using ground test results and P7 
is obtained from P6 measurements less l:!.P, where P6 need 
only be measured on 1 averaging pitot rake. 

Again total temperature for mass flow and momentum drag 
considerations need not be measured in the jet pipe since 
this will be measured at the engine inlet. However, t ur­
bine ou tlet total temperature should be measured to i ndic­
ate engine operating conditions. 

If a complete temperature survey by rake measurements were 
made near the final nozzle of the jet pipe, this would 
eliminate the need for measuring A7 . Gross thrust could be 
determined from the formula: 

~~ = (:y 171)d z.~-f-; R T7 D -(-~ )If] - --- -(~) 
However, measurement of A7 is deemed more convenient (or 
less difficult) than measurement of T7 which must be shield­
ed from radiation and which requires an air cooled structure 
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3) Secondary Thrust 

Secondary thru st measurement is desirable to ens ure that 
swinging boom thrust data is equal to the summation of prim­
ary and secondary contributions. Measurement of total and 
static pressures by rake survey in the plane of the primary 
nozzle exit is required together with a longitudinal survey 
of extractor wall statics aft of this section. Secondary 
thrust in the plane of the primary nozzle exit is calculated 
by means of equation (1). 

x 2 i [ (Ps)U 7 i.e. Gs = As ~s 1_1 fS t -lj+ (.:Ps - 1>) As 

where As= secondary air flow area at the station of measure­
ment and =t' = ambient static pressure. 

Rake measurement of Ps anj .:Ps at the primary nozzle exit 
plane is made difficult by the variable area nozzle and by 
the associated change in position of the reference planeT 
However, it should be possible to choose a compromise pos­
ition between the final nozzle closed and fully open posi­
tions. 

Additional thrust of the extractor must be measured by plac­
ing wall statics along the convergent and "12 degree" diver­
gent nozzle aft of the primary exit plane. These wall stat­
ics may be manifolded to obtain an average pre~sure. Then, 
additional gross thrust=~ (Pw - P) (D~ - DP ) 

where ~w average wall static pressure 

~ ambient static pressure 

De extractor exit diameter(= 4911 

(= 45" 

D = extractor internal diameter at p 

for Arrow II air- l 
craft 

for Arrow I air­
craft 

primary nozzle 
exit plane 

Measurement of mass flow is also required in the secondary 
air passage and this will be most conveniently obtained by 
measuring total temperature at the primary nozzle exit plane 
where total and static pressures are already measured. This 
mass flow is required for momentum drag consideration when 
the blow in doors are open and the by-pass door closed 
(i.e. for flight at low Mach number and at low altitude.) 
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3) Secondary Thrust (Conti nued ) 

Mass flow is calculated as follows­

m = f'-6. V •f A Ma where I\ .. area 

M = Mach number = [1;)~ -1 } 
a = Local speed of sound -~ 

f= Density= :Pjri.T 

T = Static temper.'l.ture 

whenca 

m = 

4) Inlet ~iomentum Dr'.J g 

2 
0 -1 

------ ----------(4 

'.'.omentum drag must be me9.sured at the i nlet to the engine installstion in 
order to derive net thrust from the instiilled engine, i.e. XN • X.G -I! V 
where Xc is derived as praviouly described and V. V • mass flow x vel ocity 
(at the angina inlet) = momentum drag. i.' V is therefore determined by 
making total a nd static pressure measurements at the inlet and using a n 
equation simila r to (1) i.e. M V = 

A t ( : ~1 ) [ ( ; ) \ -
1 

- 1] 

where \ ■ geometric area of the i nlet and P and~ are obt ::.ined fr om r3ke 
mea sur·en:ents r1cross the inlet. lake pre ssure mea:mr ement s should be ma de 
on probes spAced on equal e nnulP.r iireas an<i t he n mr1nifoldad t o obtain ::.n 
a ve1·a?, e pressure. 

It is raquired th!it measurements be mcide at the engine inlet, slightly 
upstream of the L.P. compressor face, s nd also completely across the inlet 
duct near the engine inlet in order to separate mementum to engine proper I 
from momentum of the complete instAllati c n i ncluding by-pass flow. Net 
thrust can then' .de:.ermined for the en g ina only and for t h e inst a lled en,;;;in1. 
It should be noted that momentum drag of the installed enc ine will include 

1 

the momentum drags of the flow to the overb oa rd cooler and of the I 
c ompressor airblead to air conditioning a nd pre:c:surization; whila momentum I 

drag of the engine proper includes momentum drag of the compre ssor ai 1· -
bleed flow. 



; IL,,/10 A/IICRrlFI L/11//Tl:O 
MA L TON QNTA~!O 

TECHNICAL DEPARTMENT 
AIR CRAFT 

R : 1 0 RT N O 

SH EE T No 

TO,"' PERF/1 

5 
PREPARE.O 6Y DATE 

R. Wae c hter J u l y 19 57 
CHECKED BY DATE 

4) Inlet Momentum Drag (Continued) 

Mass flow measurement across the inlet duct is also requ ired 
in order to derive momentum drag of the duct itself. i.e. 
Momentum drag of the duct can be determined by subtracting 
airflow momentum at the intake of the eng ine installation 
from the free stream momentum of the intake mass flow. 
Hence , total temperature must be measured in conjunction 
with the pressure measurements taken at the intake to the 
complete engine installation only. Mass flow is then deter­
mined using equation (4). 

In conclusion it is stated that mass flow measurements can 
be more conveniently and accurately measured at the engine 
intake than at the exit due to the lower extremes of pressure 
and temperatu re. 

Further, by measuring mass flow at the intake, leakage 
losses of airflow throu~h the engine are properly acco~nted 
for; although total mass flow at the exit is probably sim­
ilar or only slightly less due to fuel addition off-setting 
leakage and airbleeds. 

It should be noted that net thrust derived herein is the 
net thrust of the engine only, including and excluding the 
effect of secondary airflow, but not including intake mom­
entum and duct losses. Intake momentum and duct losses will 
be considered separately but eventually will be subtracted 
from engine net thrust to give total installed net thrust. 

Intake spillage drag, to be determined by suitable flight 
test (decelerated levels at varying power), being a function 
of mass flow will also be considered as a reduction in in­
stalled net thrust. 

The effect of Y and the use of a mean value in the variou s 
equations for thrust measurement will be investigated, where 
Y varies from approximately 1.4 for air, 1.33 for air+ 

f uel in the primary jet without afterburner and 1.28 for 
air+ fuel in the primary jet with full afterburner. 
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DISCUSSIOt!S ON TECHNI(;,UE & poi:·1,W.J\ ~ r'O'. US E IN TURBO-JET 7HRUST l.'EASUR-:'SNT 

1. In conjunction with the Appendix on thrust measurement techni que , visit 
ffl was made to Wright Aeronautic1l Development Centre (W. A.D.C.) in Dayton, 
Ohio on July 16, 1957, to discuss its appli cation. The vi s it was made by j 
the author, in company with Mr. D.R. Woolley of F1ight Te s t Eng ineering · 1 
At W.A..D.C. discussions were held with the foll ow ing personnel:- i 

Mr. R. E. Conover) 
M9jor Graf ) 

Mt. J, King ) 
Mr. P. Schurna ker ) 

M.r, E.C.Simpson 
lt.r. O'Brien 

Flight Test Ins trumentation Dept. (Area C) 

Flight Research & Test Dept. (Are 'l C) 

Propulsi on lBboratory (Area B) 
¾f'-ircraft Thrust Stand 

Some useful comments were obtained, but in general, 'l! .A.D.C. had no direct 
experience in makinf the detailed meesurements proposed herein. A swint>;inr, 
bo om a t the Jet exit ( inst n lled by North l.merican A.v ia tion L,o. on a F-1 00 
aircra ft wa s inspected and w"l s seen to a practica l i nstall3tion. Tota l and 
static pres s ur es and tempera ture were all measured on one probe and the 
operatinf mechanism was inst ·Jlled in place of the t e il skid on the under­
side of the fuselage. Some trouble wes experienced v,hen the probe a nd boom 
locked in the centre of the jet durl ng a take-off and burned off. To date, 
no results have been obtained. W.~.D.C. ha d installed an air cooled rake 
for t otal pressure measurements in the pr imary jet of a n F- 86D aircraft 
but due to other problems and priorities they viere not able to do any 
t esting. In connection\lilh engine intake measurements it was st'1ted that 
r a kes or probes at this locat ion were "risky" if and when struct ural fail­
ure occurs (usually in fatigue), However , the probes cou ld be mounted on 
existing struts or on reinforc~d rakes firmly attached at both ends. 

Other problems discussed were a s follow:-

(a) Primery jet swirl: This swirl dep ends on intake temperature and C-:.P.ljl. 
and may be as high as 50°. Total head tubes mounted in the primary 
jet should therefore be designed to accommodate this swirl. 

(b) Nozzle stabilization time: Usua lly wit h variable area nozzles, after 
a chenge in conditi o ns, the nozzle may take approximately J minutest 
stabilize with a correspondinp, overshoot and J minute stabilization ot 
thrust. I 

I 

-
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Other problems (Continued) 

(c) Measurement of final nozzle area: It was agreed that 
measurement of either final nozzle T7 or A7 was nec­
essary and that measurement of A7 is probably less 
difficult, although problems would be encountered to 
measure it accurately. It was therefore suggested to 
measure T7 and AI and average the results. i.e. Gross 
thrust in the pr mary jet can be determined by measuring 
total pressure and area or by measuring total pressu re 
and temperature using equations (2) or (3) of the App­
endix respectivel y. The validity of equation (3) for 
the relatively high jet pipe pressure ratios of the 
Arrow aircraft is questionable since report NACA RM 
E 55 Do5a states that it may be used for pressure rat­
ios up to approximatel y 4.0 only. However, verific­
ations will be made, since WADC stated that the equa­
tion should be satisfac tory for pressure ratios to at 
least 12.0. 

(d) Wall statics: WADC have had experience and obtained 
satisfactory results with wall static measurements at 
engine inlets and foresee no practical difficu lt i es in 
making these measurements at the extractor outlet to 
determine additional thrust of the extractor. 

(e) Thrust stand measurements: It was tentatively stated 
that the thrust stand at W.A.D.C. c ould a cc ommodate 
the Arrow aircraft with a single eng ine thrust u p to 
25,000 lbs. or a two eng ine thrust u p to 5 0 ,000 lbs. 
A further che c k on wheel base requirements shou ld be 
made. An a ccuracy in thrust measurement of 0.1 per 
cent of full scale reading was quoted although some 
dou bt was cast on this accuracy under actual test c on­
ditions. 

(r) Other techniques for thru st measurement: Strain gaug­
ing of the engine mounts for thrust measurement is a 
simple and straightforward method but is highly in­
accurate due to vibrations and large fluc t uations. The 
method would not include thrust or drag c ontributions 
of a cooling air extractor. 

Primarily , W.A.D.C. were interested only in total net 
thrust measurement at the exit and suggested that prime 
contractors such as North American Aviation Co. would 
be more interested in separatinb engine performance from 
aircraft performance and would therefore have more ad­
vi c e on detailed measurements. 
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(f) Continued ...... . 

Copies of the appendix on Technique and Formulae for use in 
Turbo-jet Thrust Measurement were left with Mr. J. King ~nd 
Mr. Simpson for further study and comments to be forwarded 
to Avro by mail. 

The problem therefore rem ains to design suitable instru­
mentation. Further discussions with experienced personnel 
would be useful. 

D ATE 
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