C.P. No. 969

C.P. No. 969

¢ A

MINISTRY OF TECHNOLOGY

AERONAUTICAL  RESEARCH COUNCIL
CURRENT  PAPERS

An Investigation into a Technique

for Measuring Jet Interference
Effects using Free-flight Models
by
G. H. Greenwood

LONDON: HER MAJESTY'S STATIONERY OFFICE
1967
PRICE FOUR SHILLINGS NET






U.D. G Now 533.695.7 : 533.696.5 1 533.6,055 :
533.6.013.42 1 621.455-846

C.P. No. 969%
Novenber 1966

AN INVESTIGATION INTO A TECHNIQUE FOR MEASURING JET
INTERFERENCE ETFECTS USING FREE~FLIGHT MODELS

by

G. H., Greenwood

SmVﬁrIARY

A free-flight model investigation is described, the mogor obgect of
which was to gain design and operational experience in the field of Jet inter-
ference studies. Measurements were made of the eff'ect of a propulsive jet on
the external drag of a boattailed body of revelution but because of uncertainties
in the jet porformance these measurements are of significance only an illustrat-

ing the experimental technique., A solid-fuel rocket motor was used as the

primary source of the jet flow.

* Replaces R.AJE. Technical Report Ne. &6364 - A,R.C. 29039.
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1 INTRODUCTION

Interaction betireen the external flow and the boundary of a propulsive
Jet may cause pressure changes on adgacent struchwes leading to a medified
external drag and possivly to trim chenges on an alrcraft or missile, especially
when the Mach number of the external flow is an the transonic and supersonic

range and if the nonzle is underexpanded.

In the experimental study of such interference effects extensive use has
been made of wind tunnel facilities but so far the use of rocket-boosted free~
flight models has been confined to American tests. -

The aim of the present test was thersfore to gain some practical design
and operational experiecnce within the R.A.E. in the use of free-flight models
in the field of jet-interference studies. This aim was achieVeddby measuring
the total drag and base pressure on two models of identical externsl shape
one with and one without a propulsive jet issuing from the base; a quantitative
ref'erence freme for the results vas provided by using an external shape identi-
cal to that used in the N, A, S.A. test of Ref.1.

The primary source of the Jet flow was 2 modifaed solid-fuel rocket motor®.

Model tests over a Mach number range of 1.17 to 1.42 vwere made at Tree-

stream Reynolds nurbers from 8 to 10 millions per foot.

2 DESCRIPTION OF THE MODELS

Iwo models were used in the test their externsl shape beilng identical to
that used in Ref.71 and es illustratced in the photograph of Fig.1 and general

arrangement drewing of Fig.3.
The models are designated modcls 1 and 2 and are described as follows:-

Model 1  This model was {light ftested without a jet efflux and its primary
purpose was io provide total drag and base pressurc measurcments relévant to

the "jot~off" condition.

Model 2 The purpose of this model was tc provide total drag and base pressure
measurements relevent to the "jet-on" condition. A propulsive jet was provided
by digniting a plastic cowposite propellentﬁ gontained in a 5-inch diameter
rockot-motor tube inside the model. The propellent gasecs wero then exhausted

through a double~nozzle assembly incorporating a plenum chamber to dassipate

*Development of the rocket motor and its associated nozsle assembly was
carried out by Dr. H., Crook of R P.E. Westcott,

ﬁé.P.E. Westeott, specification RD.2307.



the high combustion pressures to an acceptable level of jet exit total pressure.
Typical design procedures relevant to such a nozzle assembly and to the simula-
tion of full-scale jet flow parameters at model scale are described fully in
Ref'. 2.

It was in fact hoped that by using the design principles of Ref.2 jet
exit flow parameters comparable with those of Refe.1 would be achieved but it
became apparent that in practice the required nozzle geometry would have to be
evolved through a protracted series of static test firings. Since the major
object of the present test was an excrcise in operational technique the precise
character of the jet flow was considered of no real importance and the test
firings were therefore terminated as soon as a repcatable exit flow had been
established.

Fig.2 illustrates the base region of model 2 and shows the position of
the nozzle static pressure orifice (see section 5.1) and of the base pressure
orifices; the positaon of the latter being identzcal for both models. Fig.3
shows the internal arrangement of model 2 together with details of the nozzle

assembly.

In Fig.4 o device is illustrated which was used to delay ignition of the
Jet motor until the model had separated completely from its external rocket
booster. This device was basically a 6.0 volt clectrical ignition circuit
interrupted by inertia~type switches which allowed ignition to occur only after
the model had been subjoet to the following sequence of accelerations. When
an acceleration of at least +10g was attained during the initial boosting phase
one half of the ignition circulit was elcctrically complete and ignition'occurred
when the circuit was finally complete at one second in time after the model

acceleration had fallen to +3g.

3 METHOD OF TEST

31 Boosting

Each model was launched to its reguired test velocity using a twin 5-inch
diameter rocket motor booster as illustrated in Fig.5. At the motor all-burnt
condition the models separated from their boosters under the existing drag and

inertia forces and went into free flight,

%,2 Data acguisition

Bach model was %tracked by kinetheodolite cameras sited along the range

boundary thus providing a record of space co-ordinates froam which trajectory



and velocity data were obtaired. Velocity was also cbtained by integrating the

response of model-~borne longitudinal accelerometers.

A 465 Mc/s multi-channel R.A.E. sub-miniature telemeter was used in
conjunction with varisble~inductance type transducers to obtain the required

inflight pressure and force measurements.

Atmospheric pressure, temperature and wind velocity at the appropriate

flight altitudes were obtained using the standard range procedures.

3«3 Data reduction

The methods used f{o reduce the recorded telemetered data to variations
of drag coefficient, Jet nozzle and base pressure with flight Mach number were

basically as described in Ref, 3.

4. TEST CONDITIONS

The variation with flight time of free-stream Mach number, altitude and

Reynolds number 3s shown in Figs.6 and 7 for models 1 and 2 respectively.

5 RESULTS AND DISCUSSION

51 Preflight

The performance of the jet motor and‘nozzle assembly was established
prior to flight by ground tests in which the static pressure measured at a
point inside the convergent exit section of the nozzle was correlated with the
simultaneously measured thrust. This stetic pressure point (see Fig.3) was

located as near the jet exit plane as model space would allow.

Fig.£ shows the static pressurc/thrust relationship obtained from the pre-
flight tests.

5.2 Inflight

5.2+41 - Nozzle static pressure

Inflight values of the nozzle static pressure measured at the same point
as in the preflight tests (5.1) are presented in Fig.S. It w11l be scen that
the maximum measured inflight static pressure was only about 50 lbf/in2 ccempared
with 63 Ibf/in2 measured during the preflight tests (Fig.8). This indicates that
either the full jet performance was not attained in flight or the flight
pressure measurements were themselves in error due perhaps to a fault in the
pressure transducer. Although the latter is thought unlikely there is never-
theless some unccrtainty in the nozzle pressurc measurements and hence in the

deduced inflight performance of the jet motor.



5. 2»2 Jet thrust

In Fig.10 values of inflight thrust are presented. These were deduced
from the pressure/thrust relationship of Fig.8 aﬁa the flight measurements of
nozzle static pressure of Fig.9 but because of the anomaly associated witn the
flight measurements of nozzle pressure {5.2.1) the possibility of some

uncertainty must not be discounted,

5¢2¢3 Drag

Fig.11 shows the variation with Mach number of the total and base drag

coefficients for both models.

The totel drag coefficients for the "jet-off" condition are seen to
differ by only about 4 per cent between models 1 and 2 - an amount easily
accountable as experimental uncertainty.  Excellent agreement has been obtained
between the "jet~off" total drag of model 2 and that from Ref.1.

The "jet-on" total drag coefficients were computed from the equation:-

c = T, - W(a/g + sin 6)/g S ;
D(Jet-on) J °

the inclusion of the inflight thrust term, TJ, thus introduces the possibility
of some uncertainty in the "jJet-on" total drag coefficients (5.2.71). This
uncertainty coupled with the fact that the jet thrust and hence probably the

Jet pressure ratioc was varying throughout the test precludes a direct comparison
with the "jet-on" total drag coefficients from Ref.1 which were obtained for a
constant jet pressure ratio, pj/po, of 3.75%  Unfortunately the uncertainty in
the £light performance of the Jget motor did not allow relisble values of jet
pressure ratio to be computed for the present test.

The presence of the jet efflux induced positive pressures on the base
ennulus resulting in negative values of "jet-on" base drag coefficients compar-

able in magnitude to those of Ref.d.
6 CONCLUSIONS

An investigation has been described in vwhich measurements of the external
drag of a boattailed body of revolution were made in free flight with and with-
out a simulated propulsive jet issuing from the base. Despite some uncertainty
about the jet performance the investigation has established the validity of the
free-flight model technique in the field of Jjet interference studies,
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Aa
Ab

%
total (jet on)

Cp
total (Jet off)

CD
base (jet on)

“p
base (get off)
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_SYMBOLS
longitudinal acceleration ft/sec2
area of base annulus = 0.019 ft2 \
area of base = 0.0645 ft2
T - W(a/g + sin 6)/qOS
Drag (l%f)/qo S
(py - p,)4a/q, 5
(p, - p,)8b/q S
acceleration due to gravity ft/sec2
base pressure lbf/ft2
free-~stiream static pressure Ibf/ft2
Jet exit static pressure - . l'bf'/f"t2
free-stream dynamic pressure Ibf/ft2
reference area = maximum body cross-sectional

area = 0,23 ft2

Jet thrust bt
instantaneous model weight 1b
flight-path angle degrees
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Telemetry aerial

Fig.l. External shape of models

Nozzle static pressure orifice (model 2 only)

Base pressure orifice

Fig.2. Base annulus and nozzle showing pressure orifices
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