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ABSTRACT 

model of th^Lockheed ÏÎ56 wle non'Powe^ 
indicate the ^uX^trac?« f he^ï^TÎeM 

^deh<.S"raMh?^Pîhrnt 0i «ni cX the ,,of aoorP and fro® the rear cargo ramp: a 15° to po0 rinwr 
cloRPHCClíhS ??r0SK the Slde doors whe« the petal doors are " 
tho ’*■ ?, ‘ ^ow beneath the side doors is inclined toward 
the centerline approximately 300; and a 20° to 4o° nnJ!chd 

openr65«etWAennfln"í ?fÍnd peur^rs^hen íhe Arfare 
pvb«u ? ’ fí? ana^ytlc approximation of the effect of entrine 

parachute0nmayenoWfbeeSs?gnlíihcanUy tL^T* 

Ingllnnlltre^!0" parachutes «nnl'i Influenced by the 
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D 

e 
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H 

K 

L 

É 

P 

Pt 

q 

R 

R 

U 

cross-sectional area 

aspect ratio 

friction drag coefixcient 

lift coefficient 

pressure coefficient 

drag 

Oswald's efficiency factor (= O.85) 

net thrust (fuel flew neglected) 

height of aircraft 

jet spreading parameter (= 0.0124) 

length of aircraft 

mass flow 

static pressure 

total pressure 

dynamic pressure 

gas constant (= I716 ft2/sec2 °R) 

radius of jet boundary at x 

radial distance from jet axis 

wing span of aircraft 

wing area 

temperature 

thrust coefficient 

increment of jet velocity over stream velocity 
at point x on jet axis (V^ - V) 

increment of jet velocity over stream velocity 
at point (x,r) 
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V 

X 

X 

Y 

Z 

y 

V 

e 
P 
T 

<p 

stream velocity 

jet velocity 

longitudinal coordinate 

axial distance from point at which jet would 
have zero cross section 

lateral coordinate 

vertical coordinate 

ratio of specific heats (¿ 1.4) 

ST 
c 

tangential coordinate 

density 

time 

volume of reservoir 

Subscripts : 

e exit conditions 

m model 

o conditions when 7=0 

p prototype 

t total conditions 

1 primary reservoir condition 

2 secondary reservoir condition 

* throat conditions 

0 freestream conditions 
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I. SURFACE PRESSURE AND FLOW FIELD 

A. Introduction 

Dort airniino st*r;i:1*fter is a four-engine jet trans- 
troona1!^ ï?^oPable °f carr^ine and releasing airborne 

mately 500 mph wi?h an^^dr^^peed'betweer^s'and^S^mph. 

pi adrciaft and to determine which characteristics of 1-Hp 

a^d^ca g^pâ%chuUs3feÍLaíhfeCt-Hthe/epl0yment of P---“íhe 
careo Xj wÍÍh ^ = *■, ?<Sld? aoors and fro,n the rear 

P* Wlth thl‘ °t>oective in mind, measurements of thP 
«nH Piefure distribution on the surfaces of Se fuselage 
tnfffl f° doora were made and correlated with photographs 0^ 
^ui ts representing streamlines in the same regions The 

bo?h“d :ndreo^ne6^ 3 ^56 f““ "ft^petaHoors 
between°150 and Wlnd tunnel speed ™ried 

B. Model Design 

-i j d:56 scale model using the drawings nf Rpr i 

MfSÄ engines’ 

fit lnte™SarCMyrSinÍÕSfeS?ou?nLWíhe s"S d°^ 

^ Te bene^th F 
system used for data presentation is shown In Fi^ 3?°° nate 

on the sarfiíei^wCT^Üoufo^ir3^41? pressure «atribution 
installed In the surfaces of the7fís¿la¿e'a^th^netai^''6''6 

were°arranKed^ln Th îao5?d-do- stern^c^ns 
of the™?n iith iufficí P?“"11 on the left side and bottom 

that the floi was symmetrical. iu^lnsSnid^n“''6 
the inner surfaces of the open petal doors. 

taped to thiIsiîrfâcesSïn1«3nÎt?n’ tUfts °f whlte flo3s were 
pressure taps, f 1 Pattern corresponding to the 

c. Test Procedure 

boards ''Mc,líeweífpiho?org™phrÍdt?riñseurÍeCÍZnlnenyman?í:eeter 

t 
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tufted model was photographed simultaneously from the side and 
from below the test section to allow three-dimensional 
analysis of the streamlines. Tests were conducted at wind 
tunnel speeds of 150, 175, W, 210, 220/230, and 245 fps. 
Pressure data was reduced to pressure coefficient form where 

D. Results 
6' 

1. Closed-door Configuration 

The surface pressure studies (Figs 4, 5, and 6, 
Table I) and the corresponding tuft studies (Fig 7) show a 
15 to 20 downwash across the side doors with the flow under 
these doors inclined toward the centerline approximately 30° 
(The side doors are located at the vertical line showing the 
joint of the removable section, Fig 7.). 

2. Open-door Configuration 

The surface pressure studies (Figs 8 and 9) and the 
tuft studies (Figs 10 and 11) show a 20 to 40° upwash between 
and behind the petal doors. The surface pressure studies 
(Table I, Fig 8) show the pressure differential which causes 
the suction near the ramp. The effects of the suction can 
be seen in the tuft studies (Fig 10). The pressure coefficient 
above the ramp in a stagnation region is -0.39 while the 
coefficients on the adjacent external surfaces range from 
-0.06 to +0.12. 

Neither the tuft alignment nor the pressure coef¬ 
ficients vary significantly over the velocity range studied. 
The random variation of the pressure coefficients is less 
than +2.5$. 

E. Conclusions 

The characteristics of the flow field potentially 
capable of interfering with paratroop and cargo egress are 
the downwash, occurring across the side doors when the petal 
doors are closed, and the upwash, occurring between and below 
the open petal doors. In addition, the streamline pattern 
and pressure differential on the open-door configuration 
indicate that simultaneous drops from both side doors and 
ramp are not advisable. The results of these studies are in 
agreement with prototype experiments (Ref 2). 



II. WAKE FLOW FIELD WITHOUT ENGINE POWER 

A- Introduction 

The second phase of the C-141A wind tunnel studies 
was the determination of the dynamic pressure distribution 
in the wake which affects cargo extraction from the ramp. 
Measurements were made of static and total pressures in a 
plane normal to the flow at four stations behind the aircraft 
in the region where extraction parachutes operate. In 
addition, a wire grid with tufts attached was photographed In 
the vertical plane at the rear tip of the horizontal stabilize 
to determine the local variations in flow direction. 

B. Model Configuration 

The model was the same as described in the preceding 
sectionj however, the petal doors were open 650 in all tests. 

C. Test Apparatus 

A wake survey rake (Fig 12) effectively covering 
a twelve-inch span with both static and total pressure probes 
was connected to multimanometer boards. 

D. Test Procedure 

The wake survey rake was placed horizontally across 
the tunne! at five vertical positions at each of four stations 
behind the model (Fig 13). The height of the region studied 
at each station represents 14 ft above and below the air¬ 
craft centerline, while the width of the region is 56 ft. 
This corresponds to the region through which the canopy of a 
¿v-íi extraction parachute would pass- All tests were made 
at a freestream velocity of 200 fps since the results of 
Section I showed no variation with velocity. 

E. Results 

.. „ A comparison of the dvnamic pressure profiles at 

14 t0 and the Photograph of the 
tufted grid (Fig 19) indicate that the most notable pressure 
delect occurs directly behind the petal doors. A region Of 
low pressure, q/q. = 0.6, and a 40° upwash exist directly 
ehind th^ tail cone. Tabulated values of the pressure sur¬ 

vey results are given In Tables II to V. 



»UML 

F * Conclusions 

The pressure distribution shows that the flow field 
iorms a low-velocity symmetrically-arranged region centrally 
behind the ramp. This will result in adduced tractate * 

rhnteCÍÍ°niH0rCe' existin« upwash may causePthe para- 
ehute to ride somewhat above the centerline. This explains 
observations made with the prototype aircraft. 

li ¡ fi f i Lr «44!.. Mu;I 



III. WAKE FLOW FIELD WITH ENGINE POWER 

A. Introduction 

The third phase of the C-l4lA studies concerned an 
analytical investigation of the effects of powered engines 
on the wake flow field and of the feasibility of simulating 
power on the 1:56 scale model. For steady, low-altitude 
flight at 200 fps, an approximation of the dynamic pressure 
distribution can be made based on the theoretical and experi¬ 
mental studies shown in Ref 3. The results of this analysis 
are readily compatible with the data of the non-powered wake 
survey presented in Section II above. 

The analytical method of Ref 3 is used to determine: 
(1) the spreading of the jet: (2) the velocity variation along 
the jet axis; and (3) the radial velocity distribution. The 
parameters used in Ref 3 are dimensionless and can be applied 
for geometric and thrust scaling for the 1:56 scale model of 
the C-141A. The results of the analysis (Ref 3) may be 
presented in the form of dynamic pressure ratios q(x,r)/q . 
Experimental data in Section II shows virtual freestream 00 
conditions in the region of the airplane that is affected by 
engine power. Therefore, the analytical data of the power 
effects (Ref 3) may be superimposed upon the experimental 
data of the non-powered wake (Section II above). The analy¬ 
tical approximation assumes no thermal effects, as these are 
considered negligible under the specific flight conditions. 

B* Analytic Approximation 

The spreading of the jet beyond eight diameters 
downstream of the nozzle is governed by the relation (Fig 20) 

R3 = K • X . (1) 

By using equations obtained in Ref 3, the constant, K, in 
Eqn 1 was determined to be 0.0124 for the 1:56 scale model 
of the C-141A at Vod = 200 fps. 

(2) 

where 

0 

5 



The integrals I, and I0 are determined by experiment (Ref 3) 
to be 1 * 

I1 = 0.0991 

and I2 = 0.04895. 

The radial velocity distribution within the jet 
may be determined from an experimental plot of u/U as a 
function of r/R for a turbojet engine (Fig 2 of Ref 3). 

Since the results of Eqn 2 and the radial velocity 
distribution obtained graphically are given in the forms U/V 
and u/U, respectively, the results must be modified to the 
form of dynamic pressure ratios where 

(3) 

and = (U + i)2 . (4) 

Hence, results applicable to the 1:56 scale model 
of the C-l4lA are obtained using the relations 

R3 * 0.0124X , (la) 

The scaled values of S and T are: c 

s = 1.03 ft2 

Tc = O.O690 (based on thrust per engine). 

6 



The resulte of this procedure, superimposed on 
the experimental results of the non-powered studies (Pigs 
21 to 24) show that the region affected by the jet blast 
overlaps the region through which a single parachute would 
pass. The Jet blast from the engines, then, may have an 
effect on a single extraction parachute. 

C. Experimental Apparatus Design 

The project specifications also requested the study 
of an experimental approach which would provide wind tunnel 
model conditions satisfactory for the investigation of the 
jet engine blast effects. The results of these effects are 
described in the following. 

To satisfy similarity requirements, the cold air 
jet simulating a powered engine (Fig 25) must produce a 
thrust coefficient equal to that of the prototype while 
tested at a freestream velocity equal to the flight speed 
of the aircraft. If power is simulated by adding momentum 
from an external source, the thrust coefficient must be 
diminished by 

to correct for this addition. The correction is neglected 
in the following analysis since the correction is less than 
0.4#. 

The required thrust of the prototype C I^IA in 
steady, low altitude flight at 200 fps amounts -o 

F = D = (CDf + (^) (S) (6) 

which is F = 10,600 lb/engine. With 

and 
Sm - (^)2sp 

the model thrust amounts to: 



¡I I11! I 

P «e (Vj - V) 

Fm ' 3T%- - - (7) 

Sí^e,rthe Prototype engine has 
w*th VJd = ^P®# the model 
best similarity conditions 

men = 15.5 slugs/sec/engine 
engine must provide, for the 

and 

V, = 881 fps 

1 2 
*6 “ *e = slugs/sec/engine, m p 

however, ha^Sen? l^ítft^g^e^^lhe^la'uoí' 

TAI ab«renTrobtaf11°Waand efr?USt giíen"' 
ratiol o /n*T Spe?iílc exit velocity each of the 
ration Pe^Ptp and Ag/A^. must have a certain value Since n 

0 a£;err?' aSt Ae,ls «»enslonlíír^afeS! tSl 
1 !nH í PSÍ4. d/* e determined. However, the values of 

d A# determine the mass flow according to the relation pt2 

A 
(8) 

or *e = O.OOO718 p A# 
z2 

for standard conditions and isentropic flow. Hence It mav 
not be posable to satisfy the similarity "¿ndïuons of eaual 
exhaust velocities, and scaled mass flow and area. However 
Eqn 7 may be rearranged to give 0 everi 

F 
m 

ir~ 
G 
m 

+ V. 
(7a) 

and Eqn 8 may be rearranged to give 

O.OOO718 A p 
ih = 
e (8a) 

n«euiieS anEnSlt?Ssav! <ie‘eïmlned for a"y V. from subsonic i low taoies. Equations 7a and 8a may be solvedJsimultanermKiv 

Íarnyec^ditíonseandfth¿ fin ±e WhJCh Satlsfy both the simi- y conclltlons and thb flow requirements. For the present 

8 



case this method gives 

Vj = 1,095 fps, 

and * 0.00377 slugs/sec/engine. 

To achieve these conditions with the system of 
Pig 25, the reservoir pressures must be 

p. = 27.0 psia , 
r2 

p. = 127.0 psia at T = 0 . 
tl 

Considering starting pressure ratios and estimated pressure 
losses of about 58#, the amount of allowable testing time, 
governed by the loss of mass from the primary reservoir, is 

_ ¢) i . ^2 

r^r (pt. • STS?)= 92 sec • 
VTt ^ 

The most practical test configuration for the power 
simulation apparatus (Fig 26) would be to have the secondary 
reservoir shaped in airfoil cross section and mounted up¬ 
stream of the test section at a station of low velocity. A 
supply tube would extend to each nacelle. The primary reservo! 
supply line, and pressure regulator would be outside the wind 
tunnel. If the diameter of the engine supply tubes were cor¬ 
rected for boundary layer buildup, little flow disturbance 
would be created. An alternate design, namely, to channel 
the exhaust air through the wings and pylons, would incur 
prohibitive pressure losses and is not considered to be 
advisable. 

D. Conclusions 

The analytic approximation yields results which 
may warrant its use for single parachutes in the wake, since 
the increase in slipstream dynamic pressure is gradual near 
its outer boundaries (Figs 21-24). This opinion is supported 
by full-size tow tests which showed no effects of jet engine 
exhausts upon the performance characteristics of the extraction 
parachute. In these tests, a 32-ft fist ribbon parachute was 
towed with an 80 ft line attached at fuselage Station 126o. 
This would place the plane of the canopy at about Station 2470 
in the wake. According to the comments of the data sheet 



of. Ref 2), there was "no effect on chute stability." 

likelvrthfl?e?ho1USterS rl pfrachutes are towed it seems qíite 
^ íh P0W!r fffects may become significant. No 

effect of i" íhlS rep0rt to the total 
rl ^ 0flrfuselage disturbances and slipstream characteristics 
on the wake pressure distribution. It is felt that the inter 

Dro1ectlonen?°?hWhat comPllcated-* Particularly in view of the 
projection of the cargo doors, and other irregular geometry 

tunnel Ste?fStev! Wake flow bc lnvestigated in wind* 
tunnel tests where the power effects are included. 
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Sta. 230.4 at Nose 

Fig 3 Coordinate System for C-141A 
Data Presentation (Ref.1) 
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SECTION R 
Sta. 1292 

Cp - 0-06 
Cp - 0.04 

Cp S 0.04 

Pressure Distribution about Cross 
Sections* R, S, T, and U with Doors 
Closed 
*Ref. 1 
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Fig 7 Simultaneous Side and Bottom Views of
Tufted Stem with Doors Closed (V®=200fps)
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Fig 16 Pressure Contour Lines in 
Wake of C-141A at Station 2470 
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Fig 17 Pressure Contour Lines in 
Wake of C-141A at Station 2750 
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Fig 19 Tufted Grid at Tip of Horizontal 

Stabilizer Showing Local Upwash 
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Wake of C-141A at Station 2470 
with Power Effects 
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