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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WIND-TUNNEL INVESTIGATION OF THEE EFFECT OF JET-MOTOR
OPERATION ON STABILITY

By Wallace F. Davis an¢ Sherwcod H. Brown
SUMMARY

The effects of jet-motor operation on the stability and
control characteristics of twoc fighter-type airplanes as
determined by wind-tunnel tests of 1/5-scale models are pre-
sented. It 1is shown that the action of the jets is to cause
a small loss 1in stick-fixed stability which is predictable
from known theories.

INTRODUCTION

A jet-propulsion engine draws air into a compressor and
delivers it to & chamber where the addition and combustion
of fuel results 1n a high-temperature gaseous mixture under
high pressure. This mlixture 1s then partially expanded
through a gas ‘turbine and is finally ejected as a high-
velocity high-temperature jet. In general, the diffusion of
such a jet 1s the result of the absorption of its energy by
the surrounding fluid through turbulent mixing. The diameter
of the get increases slowly at a maximum diffusion angle of
about 7° {references 1 and 2) and the increase in cross-—
sectional area is accompanied by & decrease in velocity. If
the momentum of the spreading jet is to remain constant, the
decrease in velocity must be accompanied by an increase 1in
mass flow. This means, of course, that part of the fluid in
the surrounding streeam is drawn into the jet and the stream—
lines of the stream are deflected toward the axis of the high-
velocity Jjet. Theoretical treatments of this flow problem are
given in reference 3.

Prior to the development of these theoretical studies,
teste of models of two fighter~type airplanes, one with a
single jet motor discharging its hot gases from the tail and
the other a twin-engine asirplene with jets exhausting near the
wing roots, were made in the ames 7- by 1l0-foot wind tunnels
to determine the effects of jet operation on stabllity znd
control, This report precsents the results of these tests with




a cold jet and comperes them with thec change in stabllity
calculated from theory.

JET-PROPULSION SIMULATION

If actual jet—-propulsion engine-operating conditions were
to be used in wind-tunnel testing, a jet of the same outlet
velocity and temperature as generated by the full-scale engine
would be necesssry. The difficulties met in prcducing these
conditions in a wind-tunnel model have made actual simulation
impractical at the present time, so the following approximate
method has been developed.

If it is assumed that jet operation does not affect the
external drag of the engine housing and that the static
pressure at the jet outlet is equal to atmospheric pressure,
the thrust of a jet-propulsion unif will be equal to the
rate of change in the momentum of the fluid emerging from
the, jet or

T = Mg (VJ - V) + ligVy

where

/i thrust force, pounds

My mass flow of air, slugé per second

VJ velocity of fluid at Jjet outlet, feet per second

v weloclty of £light, feet per second

Mp mass flow of fuel, slugs per second

Then, defining the jet thrust coefficient Tej;' as the thrust

divided by the product of the dynamic pressure of the free
stream q (lb/sq £t) and the wing area S (sq ft),

L My o+ Mp My (Vg = V) + Mp VJ)
cJ EE M, + Wy / % ; ﬁzs . :
2

and since




where
PT density of fluid at jet outlet, slugs per cubic foot
AT area of jet outlet, square feet
, RNk S S Sl et iR Or T A
TCJ =] < meieges 4 2( -
Ba * NF PV =g 1\/’ T “F V=8
PJ VJ AJ {/ MA 3= NF
% szS VJ \l + I\/J."‘ﬂ (I’ILA F IV1F> f
I RS AR (PR P
o5 e » v (I +p)

With the jet~propulsion engines used at the present time Mp
will not be more than 2 percent of ¥y even under extreme
conditions. Therefore, if Mp 1s neglected,

p Vo ' ‘
-2 (3 () B [%-1]

and the thrust will be simulated if the product of the ratios
of the above ecguation is the desired conetant. If e cold jet
1s used in wind-tunnel testing, the density ratio will not be
the same as found under actual conditions; however, a given
TCJJ can be ottained by adjusting the velue of AJ/S. This

adJustment was made in the case of the models by reducing the
Jet—-outlet area with a streamlined plug.

The principal sources of error in using this method of
Jet simulatlion are the incorrect jet temperature and viscosity
and the change in the manner of jet diffusion by the stream-—
lined plug. Both of these errors will affect the inflow about
the Jet, and thus possibly the stablility and control character—
istics of a wind-tunnel model. However, it is believed that
theee errors will be small and of secondary importance,




APPARATUS AND METHCD

The arrangement of the 1/5-scale models of the fighter
eirplenes in the 7- by 10-foot wind tunael is shown in figures
1 and 2 and the model dimensions are given in figures 3 and L,
The jet wae simulated by compressed eir supplied to the model
by the piping arrangement shown in figures 1 and 2, This alr
passed through a mercury seal that removed any restraint from
the balance: system and entered the floating frame along the
center line of rotation in yaw perpendicular to the drag and
cross—force-wind axes and along the axis of the links of the
front-1ift scales. The model pitched about a fixed vertical
pipe, and the rotation of the jet outlet asbout the pivot was
taken by flexible tubing. In order to reduce interference
and tare forces, the length of the pipe that projected into
the wind-tunnel eir stream was surrounded by a fairing that
was free of the wind—-tunnel balance system. The jet—-outlet
velocity was calculated from measurenents obtained from a
thermocouple and calibrated orifices in the pipe leadlng to
the jet outlet.

The forces due to jet operation were measured through
the avallable jet-velocity range (O to 1000 ft/sec) in a
tunnel-of f calibration. Since only the effects of the change
in flow about the model were desired, the pitching moment aind
the force components resulting from the thrust of the Jjet
have been subtracted from the test results. All the data have
been corrected for wind-tunnel-wall effects and tares.

The method of conducting the tests consisted of setting
the outlet velocity of the jet at the highest attainable value
and varying the outlet-velocity ratio Vr/V by:-changing the
dynamic pressure in the wind tunnel, This procedure caused a
change in Reynolds number (from 700,000 to 1, 00,000, based
upon the mean aerodynamic chord of the models) that affected
the aerodynamic characteristics of the models to some extent,
especially when the flaps were deflected. In order to elimi-
nate this variasble, jet—off data were obtained at the same
dynamic pressures as were the jet-on data. Comparison of the
results showed an increment in pitching moment and control
hinge moment due to jet operation. In order to illustrate the
effeet of outlet-velocity ratio, it has been assumed that
Reynolds number has a negligible effect on these increments,
and they have been added to the pasic moment and hinge-moment
curves obtained at the higher Reynolds aumper.

The naturc of the flow in the region of a high-velicity
jet was investigeated by visual and cualitative obscrvations,
The apparatus for the former method consisted of a 5-—inch by
F-inch plexiglass flow channel, a two-dimensional jet, and a




emoke generetor. The jet was supplied by compressed air from
a source of varieble pressure and issued from a 1/16-inch slot
in a plenum chamber that extended across the flow channel.
Smoke was produced by blowing an oil mixture through a heated
coll and was introduced into the low~velocity air stream (6
to 12 ft/sec) above the jet outlet., High-speed photographs
were taken of the smoke streamers through an outlet-velocity

ratio range of O to &.

The magnitude and the direction of the change in flow
about the jet outlet of the single~engine airplane model were
measured with a dlrectional pitot-tube. The accuracy of this
instrument in measuring angles of pitch and yaw is within
about +0,25°, and the dynamic pressure mcasurements are within
about £1 percent.

The change in pressure distribution on the horizontal
tail surface of the single-engine fighter model was measured
by stetic pressure orifices at 25 percent and 50 percent of
the elevator semispan on &an airioil located 6 inches (model
scale) above the center line of the jet outlet.

RESULTS AND DISCUSSION

Flow Pattern

Since the high-velocity jets of both alrplanes could
influence the flow in the vicinity of the tail and thereby
change the stability, tests were made in a small flow channel
to study the flow around the jet with smoke streamers. Figure
5 shows photographe of these smoke strecamers, These studiles
indicate that the streamlines curve toward the jet as the

- ..outlet-velocity ratio is increased and that the greatest change

in stream direction is near the jet outlet. Measurements, with
a directional pitot tube, of the magnitude of the flow-angle

“changes about the jet of the single-engine airplene model are

not of sufficient accuracy to determine absolute values, since
the variation is of the same magnitude as the accuracy of the
instrument. However, the data of figure 6 do show that the
change 1n stream direction 1n the region of the horizontal

surface is small (less than 1°). No measurable change in the

velocity of the stream at the tall was noticed.

Change in Tail Load

The flow inclination caused by the jet produced an
increase in the download on the horizontal tall of the
single~engine airplane model because of an increase in




downwesh angle and a change in the effective camber of the
@1rfoil section. Measurements of the pressure-coeffigient
(P = 4P/q) distribution show that the jet causes a decrecase
| in the pressure on the lower surface that increases with jet
| thrust coefficient (Teg') and decresses with distance from the
center line of the jet. (See fig. 7.) The change in pressure
coefficient is small, being equal to about 0.15 at 25 percent
| of the semispan of the horizontal tail for an outlet-velocity
| patio of 12.

A decresse in pressure on the lower surface of the hori-
sontal tail causes a more positive nitching-moment coefficient.
lieasurements of the pitching moment with the same horizontal
tail as was used for the pressure-distrihution tests showed a
positive shift of the pitching-moment—-coafficient curve of
about 0.0% at an outlet-velocity ratio of 12, Since the
pitching moment of the model without a tail was not affected
by jet operation, this change in C.., agreed with that
.

o’

: 1,
predicted by the pressure measurcmnents

Chenge in Longitudinal Stability

For the single-engine model, militery-rated-power opera-
tion of the jet-propulsion cngine of the airplane is
charscterized by the varistion of thrust coefficient Tey!

and outlet-velocity ratio VJ/V with soeed that is shown

‘ in figure 8. The variations of vitching~moment and elevator
: hinge-moment coefficients resulting from operation of the
jet are shown in figure 9, 10, and 11, From these data,

the effect of jet operation upon an €000-pound single-engine
airplene flying at sea level has been computed and 1is
summarized in the following table:

T Heesured chenge in Lstimatecd change 1in
Condition ; stick-fixed neutral- neutral-point loca-
g i point location | tion (from ref. 3).
{ i 1
i 4 ‘ . n
" Flaps retracted 2 percent M.A.C. i 2 percent M.A,C.
o ’ VoA
Flaps 55 i-pepeept.Msial oo - 3 TEE-ITRESTRETTW

For the twin-engine airplane, the variation of outlet-velocity
ratio, thrust coefficient, and 1ift coefficient with airspeed
| ere given in figure 12, Figures 13, 14, and 15 show the

! effects of jet operation on the stability ond control and




elevator hinge moments. The measured and estimated changes
in stick~fixed stability for the twin-engine airplane are
given in the following table:

Measured change in mstimated change 1in
Condition stick-fixed neutral neutral noint location
point location (from reference 3).
Fleps retracted 3 percent H.4.C. 4,2 percent M4,A.C.
Flaps deflected U4 percent M.A.C. e

From these data it is concluded that the effects of jet oper-
ation on the stick-fixed stability are small and may be
preaicted with reasonable accuracy from known theories,

The effects of jet operation on the elevator hinge
moments of the single-engine airplane result in an increase
in stick-free stability because of the  increase in Chg,.
Calculated stick-free neutral-point shifts of 30 percent
for this condition are not of significance, however, since the
force variation with speed is very slightly increased. For
the twin-engine airplane the effect of jet operation on the
hinge-moment characteristics is negligible, insofar as changes
in stick-free stability are concerned,

Directional Stability

Tests of the directional stabllity with jets operating
show negliglible changes in stability and trim.

CONCLUDING REMARKS

It is concluded that the effects of jet operation on the
etability characieristics of airplanes similar to those for
which model tes.s were made will be small provided the jet
does not impinge on the tail., The stability changes can be
predicted with reasonable accuracy from known theories, It
is possible that for certain locations of the tail plane
relative to the jet, stability changes appreciably greater
than those found for the models of this report may be



experienced. Study of the theoretical treatises will show
regions of large flow angles which should be avoided 1n
fixing the position of the tail.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif., Nov., &, 1945.
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Figure 2.— Sketch of air ducts and mercury seal for l/5—-scale model of
the two-engine airplane.
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Vg/V = 2.6 V = 6.9 fps

Il

VJ/V

b4 V = 8.1 fps Vy/V=17.8 V=11.7 fps

Figure 5.- Photographs of smoke streamers showing the effect of a two-
dimensional Jjet upon the surrounding field of flow through an outlet-
veloclty ratio range from O to &,
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