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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCHMEMORANDUM 

for the 

Bureau of Aeronautics, Department of the Navy 

RESULTS OF THE FLIGHT TEST OF A 0.13-SCALE ROCKET-HOOSTND 
cLAS~~FIC&TIQN CMGED 

MODEL OF THE MCDONNELL F&H-l AIRPLANE HETWEZN 

By Earl C. Hastings, Jr., and Waldo L: Dickens &$&i/7-71 

SUMMARY 

A flight test was conducted with a 0.13-scale rocket-boosted model 
of the McDonnell F&H-l airplane configuration at transonic and super- 
sonic speeds. The external drag coefficient varied from a value of 
0.044 at a Mach number of 1.17 to 0.045 at a Mach number of 1.40 and 
then decreased to 0.041 at a Mach number of 1.90. At Mach nuxtibers 
between 0.20 and 1.17, large pitching oscillations were experienced by 
the model; thus, it was not possible to compute the drag in this Mach 
number range. The limited oscillatory data available indicate the 
existence of a coupled longitudinal-lateral motion in the Mach number 
range from 0.20 to 1.17. 

INTRODUCTION 

An investigation is being conducted by the Langley Pilotless Aircraft 
Research Division at the request of the Bureau of Aeronautics, Depsrtment 
of the Navy, to determine the low-lift drag and longitudinal stability 
characteristics of the McDonnell F4H-1 airplane. This paper presents the 
results of a test conducted with a 0.13-scale rocket-boosted drag model 
of this airplane at the Langley Pilotless Aircraft Research Station at 
Wallops Island, Va. 
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The purpose of the test reported herein was to determine the low- 
lift drag of this configuration at transonic and supersonic speeds. 

: 
However, at Mach numbers less than 1.17 large pitching oscillations were 
experienced by the model; thus, it was not possible to compute drag B 

* 

below this Mach number from the limited amount of information available. 
The drag data, therefore, are presented at low-lift conditions between 
Mach numbers of 1.17 and 1.90 only. A qualitative discussion of the 
pitching oscillations below M = 1.17 is included. 

SYMBOLS 

The body-axes system shown in figure 1 indicates the positive direc- 
tions of the forces, moments, and angles determined'in this test. 

A cross-sectional area, sq ft 

axhP "z/g 

b 

E 

CD 

CL 

CX 

accelerometer readings along the X- and Z-axes, respectively 

span, ft 

mean aerodynamic chord, ft 

drag coefficient based on theoretical wing area 

lift coefficient based on theoretical wing area 

ax w force coefficient along X body axis, - - 
Q ss 

CZ force coefficient along Z body axis, %K 
Q ss 

Q 

it 

2 

m 

M 

Mx' My' Mz 

acceleration due to gravity, ft/sec2 

incidence of stabilator with respect to wing, deg 

length of model fuselage, ft 

mass of model, slugs 

Mach number 

rolling, pitching, and yawing moments about X-, Y-, and 
Z-axes, respectively 

P static pressure, lb/sq ft 

_. _ 
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w/w, 
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X,Y,Z 

a 

B 

Y 

CL 

P 

9p 

If 

a8 

9 
Subscripts: 

b 

e 

rolling velocity, radian/set 

total pressure, lb/sq ft Q 

dynamic pressure, lb/sq f-t 

Reynolds number based on wing mean aerodynamic chord 

theoretical wing area, sq ft 

time, set 

velocity, ft/sec 

weight, lb 

ratio of total mass flow through ducts to mass flow at 
free-stream conditions passing through an area equal to 
total inlet capture area 

station measured from nose, ft 

coordinate axes 

angle of attack of X-axis, deg 

angle of sideslip, deg 

flight-path angle, deg, or ratio of specific heats 

relative density factor, -% 

mass density of air, slugs/cu ft 

roll angle, deg 

yaw angle, deg 

natural frequency of model in pitch, radian/set 

natural frequency of model in yaw, radian/set 

base 

duct exit 

.- _ ^ - ..-.-. 
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i duct inlet (capture) 

: 
w wing 

, a, free stream 

D 

MDDEL AND INSTRDMHNTATION 

Model 

The McDonnell F&H-l airplane is a proposed two-place, all-weather 
interceptor. For this test a 0.13-scale rocket-boosted model of the air- 
plane was supplied by the manufacturer and was instrumented at the Langley 
Laboratory in order to determine longitudinal trim and low lift drag data. 
A three-view drawing of the model is shown in figure 2, and figure 3 is 
a photograph of the model. Geometric and mass characteristics of the 
model are presented in table I and the normal cross-sectional-area dis- 
tribution (which is based on values supplied by the manufacturer) is 
shown in figure 4. s 

Construction of the wing, vertical tail, and fuselage was primarily 
of internal steel members with castings and mahogany fairings forming 
the external contours. The wing had an aspect ratio of 2.82 and an inci- 
dence angle of lo with respect to the longitudinal body axis. The 
aluminum-alloy stabilator was fixed at sn angle of -3O with respect to 
the wing. Both of themducts were open to permit internal flow and were 
choked with sections at the rear selected to achieve the desired duct 
mass-flow ratio. Three total-pressure probes and six static-pressure 
orifices, located near the minimum section of one of the ducts, were 
used to determine average values of total and static pressure at the 
duct exit and six static-pressure orifices spaced around one of the duct 
bases were used to determine the average static pressure on the base of 
the duct. An enlarged drawing of the stationary adapter latch is also 
shown in figure 2. This latch was added by the Langley Laboratory to 
aid in the separation of the model from the booster and is not repre- 
sentative of any fixture on the full-scale airplane. The model was 
tested with the center of gravity located at 20.0 percent of the mean 
aerodynamic chord. 

A 2.5-DS-59,000 (Nike) rocket motor was used to boost the model to 
the desired Mach number and, at burnout, the rocket motor separated from 
the model and allowed the model to coast through the test Mach number 
rsnge. All the data presented in this paper were obtained during this 
coasting phase of the flight between Mach numbers of about 1.90 and 0.20. 
A photograph of the model-booster combination prior to launching is shown 
in figure 5. 
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Instrumentation 

: 
The quantities necessary to determine the drag at low lift, longi- 

tudinal trim, and internal flow chsracteristics were transmitted to a , 

, 

ground receiving station by an internal telemeter system. The telem- 
etered channels of information recorded were free-stream and duct-exit 
total pressures, accelerations along the X and Z body axes> angle of 
attack, and static pressures at the duct exit and on the base. Atmos- 
pheric conditions and winds aloft were determined from a rawindsonde 
released at time of firing. An NACA modified radar tracking unit was 
used to determine the position of the model in space and a CW Doppler 
velocimeter determined the velocity of the model. During the flight 
test the rolling velocity of the model was measured with a spinsonde 
by means of the polarized radio wave emanating from the telemeter antenna. 

REDUCTION OF DATA 

The values of total lift coefficient and total drag coefficient 
were computed as 

CL = -Cz cos a 9 CX sin a 

C D,tot = ‘CZ sin a - CX cos a 

and since the wing had lo of positive incidence with respect to the 
x-axis 

at;r = a 9 1.00 

In addition to values of CD,tot from the measured telemeter data 
the CW Doppler radar values of velocity can be used to give an sdditional 
set of total-drag values. By differentiating this velocity with respect 
to time and adding the flight-path component of weight to obtain the 
drag deceleration, the total drag coefficient can be found by the fol- 
lowing relationship: 

'D,tot = 
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B. 
0 
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0a.0 

0: 

0 
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where y is the flight-path angle. A more complete discussion of this 
method of analysis can be found in reference 1. 

The total base drag coefficient was computed from the expression 

cD,b = 
-=$(a - paa) 

qs 

and the total internal drag coefficient was computed by the method of 
reference 2 expressed in terms of the equation 

, 
where y is the ratio of the specific heats. The external drag coef- 
ficient is defined as 

ACCURACY 

The following table presents what are believed to be reasonable 
values of total accuracy for the various parameters at several Mach 
nunibers. IThere possible, these values have been based on comparisons 
between several sources of data; and where a comparison was not possible, 
the values of accuracy have been estimated on the basis of instrument 
error. 

Total accuracy at - 
Parameter 

M= 1.90 M = 1.17 M = 0.20 

M.................... 0.010 0.010 0.10 
Cqtot . . . . . . . . . . . . . . . . . 0.0015 0.0015 ---- 
a, deg . . . . . . . . . . ..- . . . . 0.30 0.30 0.30 
CL,trim . . . . . . . . . . . . . . . . . 0.02 0.03 ---- 
cD,b . . . . . . . . . . . . . . . . . . 0.0003 0.0003 ---- 
cD,int . . . . . . . . . . . . . . . . . 0.0003 0.0003 ---- 
axig . . . . . . . . a . . . . . . . . . ------ 0.07 0.07 
aZ/g . . . . . . . . . . . . . . . . . . -m--w- 0.80 0.80 
p,, radisn/sec . . . . . . . . . . . . . 3-o 3.0 ---- 
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Test Condit ions 
0.. 
0 
e 

la.. 

Figures 6 to 10 present the test condit ions necessary for evaluating 
the drag data. Shown in figure 6 is the variation of the parameters q, 
v> CL? R, and p with Mach number between 0.20 and 1.92. The relative 
density factor p  is based on wing span and the Reynolds number R is 
based on the mean aerodynamic chord. The duct mass-f low ratio is pre- 
sented in figure 7 where the data indicate that w/w, increases with 
increasing Mach number. No values of w/w, are presented for Mach num- 
bers below M  = l-17. The variation of duct total-pressure recovery 
Pt,e/%,m is sham as a  function of M  in figure 8. These values should 
be considered qualitative since they were measured at the duct exit and 
therefore represent the loss in total pressure relative to the duct exit 
rather than to the engine face. 

Longitudinal trim  condit ions of the model  in terms of trim  wing 
angle of attack uw,trim and trim  lift coefficient CL trim  are pre- 
sented in figures 9  and 10, respectively. The changes in OtTjtrirn and 
CL,trim observed between about M  = 1.17 and M  = 1.30 were found by 
an examination of the time-history data to be changes in the steady-state 
condit ions and are not associated with the beginning of the oscillatory 
motions of the model  below M  = 1.17. Figures 9  and 10 show that, 
between M  = 1.17 and M  = 1.90, % ,trim  and CL,trim are small, the 
maximum values being 0,90° and 0.05, respectively. 

The variation of total drag coefficient CD,tot with Mach number 
between M  = 1.17 and M  = 1.90 is shown in figure Il. These values 
are uncorrected for internal and base drag. Shown in thi: figure are 
values obtained from the telemetered accelerometer data and also from 
the C!W  Doppler velocimeter data. Agreement between the two sources of 
data is considered to be excellent throughout the &ch number range pre- 
sented. No values of CD,tot are presented at Mach numbers below 
M= 1.17 since unexpected large oscillations at lower Mach numbers and 
the lim ited number of instruments installed in this model  made it impos- 
sible to analyze the drag properly. A discussion of the oscillatory 
motions encountered at M  < 1.17 is presented subsequently. 

Internal and base drag coefficients are presented in figure 12. 
The base drag Coefficient CD,b decreases from a value of 0.0085 at 

-.. 
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M = 1.17 to 0.0042 at M = 1.90. Internal drag coefficient -CD int 

a increases with Mach number from a value of nearly zero at M = l:l'j' 
'r to 0.0024 at M = 1.90. 

a- 
Figure 13 shows the values of CD ext which were determined by 

a- subtracting 'D b snd 'D,int 
cDJtot in fig&e 11. 

of fig&e II.2 from the faired curve of 
Estimates of the drag increment due to the adapter 

latch indicated a value of 0.0003 at M = 1.90 and, since this increment 
. is so small as to be well within the accuracy of the data, it has not 

been considered in correcting the total drag coefficient. At M = 1.17, 
CD,ext has a value of 0.044 and, at M = 1.40, increases slightly to a 
value of 0.045. There is a gradual decrease in CD,ext as the Mach num- 
ber increases above M = 1.40, and at M = 1.90, CDjext = 0.041. 

Also shown in figure 13 are values of CD,ext which were obtained 
from the data of reference 3 at Mach numbers of 1.57 snd 1.87. These 
values are the net external drag coefficients from the wind-tunnel tests 
of a l/20-scale model with the same stabilator setting and at the same 
lift coefficient as for the present test. The external inlet configura- 
tions of the two models were different but unpublished wind-tunnel data 
have shown that the effect of. the inlet modifications on the external 
drag coefficient of this configuration is negligible. Although the large 
d.ifferences in Re.ynolds number conditions at which the two tests were 
conducted (about 18 x 106 for the present test and about 1.1x 106 for 
the data of ref. 3) could infIkuence'the drag values, no attempt has been 
made in this paper to estimate this effect. 

Oscillatory Motions 

At Mach numbers between 0.20 and 1.17, the model experienced unex- 
petted large pitching oscillations. Since the purpose of this investi- 
gation was to determine drag, the model was not sufficiently instrumented 
to allow a complete analysis of these motions. Figure 14 is a plot of 
"Xl@ az/@ a, and M as functions of time between l2.0 seconds and 
30.0 seconds (Mach numbers from 1.18 to 0.19). Since the pitching and 
yawing velocities and accelerations could not be accurately determined, 
the values of axig, az/g, and a sre uncorrected for model~motions 
and should not be used for reduction of lift or drag coefficient. 

Sham in figure 15 is the model rolling velocity p, between 
M= 1.13 and M = 1.90 as determined from the spinsonde measurements. 
At Mach numbers less than 1.13 the rolling-velocity information avail- 
able is believed to be unreliable and is not presented. The reason for 
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the high model rolling ?relocities between M = 1.13 and about M = 1.40 
is not known, but rolling velocities of about 5 or 6 radians per second 
(as sham by the model between M = 1.40 and 1.90) sre not unusual in 
rocket-boosted model tests. In fact, estimates have indicated that the 
allowable tolerances in booster-fin alinement alone could impart a 
rolling velocity of 3.5 radians per second to the model at the separa- 
tion Mach number (M = 1.96). Asymmetries in the -construction of the 
model could also contribute to the rolling velocity experienced in this 
Mach number range. Also plotted in figure 15 are the natural pitch and 
yaw frequencies cu8 and u+ respectively, of the model as estimated 
from information supplied by the manufacturer. 

Although no extensive analysis of the oscillatory motions can be 
attempted, the data of figures 14 and 15 indicate that a coupled 
longitudinal-lateral motion existed at M = 1.17 and probably continued 
to exist throughout the remainder of the flight-test mch number range. 
The most significant indication of this result is that the Mach number 
at which the large pitch oscillations,began corresponds very closely 
with that at which the model rolling velocity exceeds the estimated 
natural yalting frequency of the model. It was shown in reference 4 that 
coupling between the lateral and longitudinal modes of motion could 

.- result in unstable motions in the form of divergences if the airplane 
rolling velocity exceeded either of the uncoupled airplane natural fre- 
quencies in yaw or pitch. Figure 15 shows that in this test the large 
oscillations begin very close to the same Mach number at which the rolling 
velocity exceeds the estimated natural yaw frequency of the model. Another 
indication of coupling is that the motions recorded in pitch (as shown by 
the time histories of a and a z/g in fig. lb).are more characteristic 
of those associated with a coupled motion than of the sinusoidal oscil- 
lations generally associated with an uncoupled motion. 

CONCLUSIONS 

From the results of the flight investigation of a O.&scale rocket- 
boosted model of the McDonnell F4H-1 airplane, the following conclusions 
are indicated: 

* 1. At a Mach number of 1.17, the external drag coefficient had a 
value of 0.044 and, at a Mach number of 1.40, increased to a value of 
0.045. This increase was followed by a gradual decrease in the external 
drag coefficient to a value of 0.041 at a Mach number of 1.90. 

. 
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2. The model experienced a coupled longitudinal-lateral motion 
between Mach numbers of 0.20 and 1.17. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., October 25, 1957. + 
E 

4 
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TABIE I.- DIMENSIONAL AND MASS CHARACTERISTICS OF THE 0.13-SCALE 

MODEL OF TRE McD0NNEX.L F4H-1 AIRPm 

wing : 
Area (theoretical), sq ft ................. 
Area (including leading-edge extension), sq ft ...... 
Span,ft ......................... 
Root chord (center line of model), ft ........... 
Tip chord (theoretical), ft ................ 
Mean aerodynamic chord, ft ................ 
Incidence angle, aeg ................... 
Sweepback of leading edge, deg .............. 
Sweepback of quarter-chord line, deg ........... 
Sweepback of trailing edge, deg. ............. 
Taperratio ........................ 
Aspectratio ....................... 
Dihedral (inboard of base line 20.8), deg ......... 
Dihedral (outboard of base line 20.8), aeg ........ 
Airfoil section at root ................... 
Airfoil section at tip .................. 

.......... 8.96 

.......... 

.......... 94.;; 

.......... 3:w 

.......... 0.51 

.......... 2.08 

.......... 

.......... 511:: 

.......... 45.00 
.......... 13.50 
.......... 0.167 
.......... 2.82 
.......... 0.0 

12.00 
‘ici 00~6:4:& &difiea) 
NACA 0003.0-64 (modified) 

Stabilator: 
Total ?rea, sq ft . . . . . . . . . . 
Span,ft . . . . . . . . . . . . . . 
Aspect ratio . . . . . . . . . . . . 
Taper ratio . . . . . . . . . . . . . 
Sweepback of leading edge, aeg . . . 
weepback of quarter-chord line, aeg 
Incidence angle with respect to wing, 
Dihedral, deg. . . . . . . . . . . . 
Root chord (center line of model) . . 
Tip chord, ft . . . . . . . . . . . . 
Mean aeroaynamic chord, ft . . . . . 
Airfoil section at root . . . . . . . 
Airfoil sectSon at tip . . . . . . . 

.......... 

.......... 

.......... 

.......... 

.......... 

.......... 
deg ........ 
.......... 
.......... 
.......... 
.......... 
.......... 
.......... 

........... 1.60 

........... 

........... ::g 

........... 0.20 

........... 42.45 

........... 

........... ?'g 

........... -15:oo 

........... 1.16 

........... 0.23 
0.80 

'lb& Oci3:7.-'sic &Aiifiea) 
NACA 0003.0 - 64 (modified) 

Vertical tail: 
Area (as indicatedin fig. l), sq ft ..................... 
Taperratio .................................. 
Aspectratio ................................. 
Height (above fuselage and trailing-edge intersection), ft .......... 
Rootchor&,ft ................................. 
npchora.ft ................................. 
leanaerodynamic chord, ft .......................... 
Sweepback ofleadingedge, deg ........................ 

1.15 
0.23 
0.60 
0.83 
2.24 
o.gi 
1.56 

65.00 

Ducts : 
Inlet capture area per side, sq in. ..................... 11.62 
Exitareaper side, sqin. .......................... 7.50 
&se areaperside,sqin. .......................... 1~80 

Fuselage ma nacelles: 
Length,ft .................................. 
wiath(maximum),ft 

7.28 
.............................. 1.16 

Depth(maximum),ft .............................. 0.82 
Maximum frontal area (fuselage alone), sq ft ................. 0.43 
Maximm fron tal. area (including nacelles), sq ft ............... 0.78 

Weight and balance: 
Weight,lb .................................. 
Wing loading, lb/sqft 

436.0 
............................ 48.7 

Centerofgravity,percentE ......................... 20.0 
f.Ioment of inertia in pitch, slug-ft2 ..................... 36.66 



ob NACA RM SL57K20 
a 

Pr0jfXti 
Of 

x 

Projectfon of 
relative wind 

I2 

Projectfon of 
relative wind 

Figure l.- Sketch showing the body axes system. Each view presents a 
p&me of the axis system as viewed along the third axis. Arrms 
indicate positive directions of forces, moments, and angles. 
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Figure 2.- Three-view drawing of the model. All d imensions are in inches. 
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DO 
: NACA RM SL57K20 16 

/ ‘-- --.~ ~-~- 
_~_ T-T_7.-‘-------\---. A 

-i 

7 

y  
-- .-b.. -;--;- --_- .___ -_.---I- _ ~- 

cYczzz-\  -. .s--T” ~ . _. 
J  cz=-+-- 

L y-2809 
Figure 5.- Photograph of the model-booster combination on the launcher. 



i --69 6 
m  0 eo 

600 

k  
400 

2oc 

( 

20 

16 

12 
-p* 1* 8 8 

4 4 

- 0 1 0 

- 20 

. 16 

V J 12 
ft 
SC 

- 8 

4 

_ 0 

IO248 

4c 

32 

21 

1z9 
sqf !i( 

t 

- ( 
.2 04 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 

M 

Figure 6.- Variation of velocity, dynamic pressure, air density, relative-density factor, and 
Reynolds number with Mach number. 



0.8 

0.6 

-  

-7 06 08 1.0 102 104 106 1.8 
M " * 

Figure 7e- Mass-flow ratio as a fynction of Mach number. 

II-I' 
OoQ 06 

I . I I+&&-- b.... h _ I I 1 I I 
08 100 102 104 106 108 2.0 

M 

Figure 8,. Total-pressure recovery as a function of Mach number6 
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ABSTRACT 

A flight investigation was conducted to determine the low-lift drag 
of the model at transonic end supersonic speeds; however, at Mach numbers 
below M= 1.17 the model experienced large pitch oscillations and an 
analysis of the drag at those Mach numbers was not possible. This paper 
presents the external drag coefficients between Mach numbers of 1.17 
end 1.90 and a qualitative discussion of the pitching oscillations. 
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