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1 Intreduoction

The raepid development of jet propulsion engines has enabled
campressibility effects to be encowmtered in level flight on some air-
craft. In the case of the Vampire for instance, a Mach Number of 0,77
can be obtained in level flight and, since the thrust developed by the
engine can be measured by pressure instrmuments and thermocouples only,
meosurements of drag can therefore be made up to these Mooh Numbers with-
out the complications involved in messurements in dives.

The usual method of thrust messurement is to use one pressure point
ond one thermocouple in the jet pipe. Recently there has been some doubt
es to the relinbility of such measurements ns “he method assumes that
the flow pattern in the jet pipe ot nll heights is equivalent to that
obtained on the test bed. As performance tests on o Vompire I were to
be carried out, it was decided to obtoin somo idea of the acouwracy of the
method by installing a second pressure point and comparing thfg%mt
values so obtained. Only one thermocouple was used as the gfes K thrust,
the major contribution to the finnl answer, is independent(ofy the temper-
ature measurement and also as the inteke momentum loss » Adepending only
on the square root of the ebsolute jet temperature, iaamrl,y insensitive
to small temperaturce differences. ~ N

A
2  Description of the aircraft N
2. 4
| The Vempire I is o high speed jet-propefdgd aircraft with twin
booms supporting twin fins and a reised foidplane. Tt is powered by a
de Havilland Goblin IT jet-propulsion wtith o moximum R,P, M. of
1'33200 giving asbout 3,000 1b, static t ¥ ot sea-level. A General
o arrmganant drawing of the aircraft ven in Fig.1 and relevant data

o pEeg l'JEl!_,'&
g R e T i

y the thickness ratio at the boaom
» 6% et the tips. Inboard of the booms,
ened to 16, 2% to eccommodate the entry
eading edge close to the fuselage. All

peovered; the ailerons are fitted with geared
geered trimming teb and the rudders with fixed

-most respects. The surface finish was good although
_taken for its maintenonce. The guns were removed to
~observer, and the blast tubesfaircd over. A
dc heod wos Titted to the port wing tip (Fig.2)
mmal position on the port fin, as it .wes not known
bers would have on the position error there.
g the following instruments was Titted in the
‘altimeter, clock, engine R.P,M. indiocator, two
, Jet-pipe temperature gauge and an air tempera-
ad fubes were fitted in the jet pipe (Fig, 3)in
Dation of the reliability of tho method of fhrust

: i 2llotted for this work was Vampire T.G, 299, on opera-

arror at the pitot-static hond was measured by
8 compressibility correction to the position
6 of speed end cltitude calculated by the method
ror curves for airspced and altitude, together

eined fram the grownd level run, are given
5 made to determine the constont for adia-

thormometer, which wes of the impect bulb type and
to » of the fuselage just behind the cockpit,
s - 3 L]
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: light at 2 range of altituga.
All the tﬂstsrm(;é‘g ;‘l:fl& Elzrine;eingh igi]ight, 8. hdiiber of luv;lf;a
from 5,000 ft, tothi’: altitude, flying through the same I_mss of ajp o
wero made at constant order to get an accurate measurement of the ax
timg, This was done in IR Al el i 5o b6 made ot a4 PPorgni™
it aLE tcmp;r%ufe;.-eight of aircraf’t, P = ambient air pressure < T
:l?lu;ugﬁlg/ghou&d ;hurefam have been corrected to a constant w (or Wl
;u: the corrcctions were examined in & few cases, found to be very

Smalj
and so were neglected.
4 Results
All the instrument readings were corrected for instrument erpop.
Fosition error corrcctions were applied to the airspeed indicatorp and

altimeter readings and the ambient air temperature was obtained fronp tha

reading of the impact bulb thermometer, allowance being made for the

adiasbatic heating effect. Mach Numbers wero obtained from the correcteq
- eltimeter and airspeed indicator readings.

-*' ~ From the

G LT

neasurements of altitude, airspeed, engine R.P,M. and
. ratu jﬁ the ?m-di.nmgmnnl level flight performance values

mm ‘tfg:n& mass flow were obtained from measure-
; oall ™ _-:-:-_1}'. e

¢ and temperature in the jet pipe in

211b: %mnf the engine supplied by the

Ang the me "-Q.a:aq;ibed in Ref.2, Subtract-
gthrl:l.st, the nett thrusts

e e T =88 &re shown in Fig.6. Seversl

ng it to the engine
rérall drag coeffi-
tted against

18t the induced
ints at higher
th

experi-
.. L :'. R-P‘H- and



inereasing at a Mach Number of 0 F . T
Hmﬁi of 0,77, the highest Mach ;il.gn; hrgamiigfgnug:}' 21% by a Mach *-
:ﬁ: e < well with performance tests on the proto b B
e +3) except that the value for the low M “ype irereft ty
coe ent is 0,014 compared with o, C135. It has b ey
recent tests on this adroraft that a shock sen shovm from more

upper surface of the wing
well with the drog rise ogza;n;;gc}};rﬁfber of .73, which b

In Fig.10, the drog curve is shovm e ‘
Fag ¢ cmpared wi
E%ﬁzhm(:lifﬁh m]}::bmufng ;Sent:hut the dgag ﬂlet?nﬁh:?mf;frbﬁ:-m; !
er of 0.70; this is 0.02 low Vompir
ond is probebly due o the breckwioy from the trln:fn:.l;:nll:ugmwtin: IIt
Euhz EE egngte‘ctlbtbﬁzc ';‘;hﬂ drog rise for the Vampire would stort ot
= 0,68, the ! Number ot which the drog ris rmally

for the E,0.18,0 sectiony that it does not, irﬁioa.:n:‘bzt the e:ttra;“
ducts are pmbabl:{r having o relieving effect over the inboard paxt of
the wings and SO increpsing the critic,l Mach Number over that region:
The rapid dreg rise, howsver, starts ot about M = 0.76 for the Vompire
as compared with 0.80 for the Metcor and this is probably due to the

thicker wing of the Vompire (The Meteor IV wing is 12% thick ot the root W

and 108 thick ot the tip).

6 Accuragy of method of thrust measurement

o Two totel head tubes wers fitted in the jet pipe of the engine about
one inch forwoerd of the final nozzle (Fig.3). One was the nommal position
used by the de Havillend Engine Co., projecting 3" into the jet; the othar
wos fitted in the seme plene and dimmetrically oprosite, projecting 2"
into the jeot. ) SR

T e ) e

A test-bed calibration of the ergine was ocarried cut by the
~ de Havillend Engine Co., in a condition closely resembling that of the
. engine when installed. Both jet pipe pitot positions were calibrated.

fise: The engine gross thrust and mpss flow were calowlated from the

-:_'.m&ﬂ.‘m.ga of each jet-pipe pitot by the metlod described in Ref.2. The

" means of the two gress thrust values so obtained are shown plotted non-

. dimensionally in Fig.12. As no mecourements wore made in the. duot entry,

 the free stream stegnation pressure, ns determined from the airspoed

" ond pltitude readings, was usod to reduce the gross thrust toron-dimen-

. 8ional form. The discrepangy from the true value so introduced should
be small es the duct losses for a ahort duct of this form are

Y

P

¥
T

e ®
]
g
X
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‘Tt was found that the nett thrust values deduced firom the two
et pipe pitot readings did not differ by more than 50 1b., in readings
p to 2,500 1b. (an error of 2%). There are, however,indications that,
* a range of values of N/ from about 10,300 to 11,200, the thrust -
28 23 were too high. This was suggested in the first place Ly Fig.13,
'3n which the results for both pitot positions are nlotted, and confirmod
"y tho faot thet the drogs deduced from the thrusts in this doubtful
D range were oll cbout 10 = 20% higher then the aversge volue iru!:!.an.ta& at
B R valuos of N/Ve although there Was no cvidanc‘m f.:f n drag inorense
B Shioh would be indicatod ty an increase in slope of the NA% = VAV
g curves (Fig.5). In cll those curves the fincl nozzle was Just poast the
" ohoking point snd, on plotting non-dimensionally the totel head pressures
BBEh pitot positions (Pigs. 14 and 15), it appears that the thruat
the pressurc moasurements. We must

- - i -"1-5 m
are arising from eriv ure distribution scross the section

conol , that the press |
E: ;m@ﬁ;f:im ch;r@ud due to the choking of the final nozzle,

S Ehus invelidating the assumption on which the method 13 based.
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Tk sts on & Meteor 2 undbj) ]“:hg‘;ttgﬂ ;L‘m;s; g
4lar tests C ' head tubes located about fouy

the sam
measured by of the fiual nozzley MO BEC ST o total head tube shoulg
feot forward re it is rocommended th foot) from the final
ey mag tzcﬁa;:derata jistance (et least & 200
be placed &

nozsle.

7 Conclusions

The emphasis in these f1ight tests has been mainly on the level

Ee airopaft and they show that the performance i;
e gq mﬁaﬁ :i:éhigh engine R.P.M. due to_the lazge‘drag inores
' m;m %{Fmdwr. The maximun speed obtainable with a Goblin II engine
3 ﬁm 3,000 1b. sea-level static thrust is 528 m.p.h. at 20,000 ft.

¢
':T“f"r;‘%;.”!d'. ;
1 Il.m;i"‘“}}- . 'I..' =

urements obtained from the two
n 2%; large inaccuracies

= Mmgrpmfﬂa drog coefficient is 0.014 (43 o4 1b, ot |

‘pressure distribution across |
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TABLE I

Adrcraf't Data

g icca, sq. T,

i’

2hEs ‘“ =i b B I ﬂ'
A S a'l
'J?l i -"I' %4 . o

;“_"‘ d retio Root section
- Boom asection
Tip seotion
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260
40
6,15
E. C, X040,/094.0
0.162
0. 14
0. 106
0@
7950
10. 6
32,8
202
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