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EFFECTIVENESS OF 'IWO FLAP CONTROLS ON A MERCURY 

TYPE CAPSULE AT A MACH NUMBER OF 15 IN THE 

AMES HYPERSONIC HELIUM TUNNEL* 

.. , 

By Thorval Tendela.nd and B. Douglas Pearson, Jr. 

SUMMARY 
- · 
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The trim effectiveness of two types of control flaps was measured 

at a Mach number of 15 and a Reynolds number of 1 .8 million (based on 
maxi.mum diameter). The two flaps were: (1) a flat surface perpendicular 
to the model axis at the junctur~ between the spherical segment front face 
and the conical afterbody, and (2) a "conical" flap which was a:n exten­
sion) i n the forward direction, of the conical afterbody . The ratios of 
flap area to model frontal area were 0 .049 and 0 .047 for the flat and con­
ical flaps, respectively. The measured shock-wave shapes for the basic 
capsule at angles of attack are compared to predicted shapes . A brief 
description of the wind tunnel and the nozzle flow characteristics at 
M = 15 also is presented . 

Re!iJ·ults indicate that for approximately equal ratios of flap area 
to frontal area the conical flap had the greater trim effectiveness . 
Force and moment coefficients for the basi c capsule and for the capsule 
with the flat flap were adequately predicted by theory. Force and moment 
coeffici ents measured in helium at a Mach number of 15 agreed well with 
those measured in air at Mach numbers of 3.3 and 5.5. The largest differ­
ence was in drag coefficient which in helium was approximately 7 percent 
lower than in air . Measured shock-wav,e shapes agreed wi th estimated 
shapes in the nose region at angles of attack from o0 to -15° . 
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INTRODUCTION 

The advantages of generating lift on a vehicle entering the earth's 
atmosphere from a space flight mission are well known (e.g . , refs . 1 • 
and 2). The ability t o generate lift has become generally accepted as 
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a requirement for manned spacecraft and a number of investigations have 
been conducted to eval uate various devices to t rim capsules in a lifting 
attitude . In reference 3, the use of center-of- gravity offset was inves­
tigated as a means of trilllming a Mercury type capsule; whil e in refer-
ence 4 a study was made of the effectiveness of aerodynamic controls 
consisting of flaps attached at the juncture of the spherical forebody 
and the conical afterbody of a Mercury type capsule . Reference 4 also 
gives data obtained in a wind tunnel at M = 3.3 and· in a ballistic 
range at M = 5 . 5. The purpose of the investigation reported herein was 
to provide data at a higher Mach number (namely M = 15 in helium),1 for 
two of the control arrangements investigated in reference 4 and to compare 
the helium results with the air data and predicted values. The tests were 
conducted in a new hypersonic helium tunnel at a free- stream Reynolds 
number of 1 .8 million (based on maximum model diameter) . A brief descrip­
tion of the helium tunnel and the nozzle flow characteristics at M = 15 
is presented . 

SYMBOLS 

Af area of flap 

d 

Cm 

L 
D 

Cp 

l 

M 

model diameter 

drag coefficient, drag 
qS 

lift lift coefficient, ~ 

pitching-moment coefficient, pitching moment 
qSd 

lift-drag ratio 

pressure coefficient 

length of flap 

free-stream :Mach number 

stagnation pressure 

1The adequacy of test data obtained i n helium atmospheres to assess 
the characteristics of vehicles at hypersonic speeds bas bee d 
in reference 5. 
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Pt
2 

pitot pressure 

q free-stream dynamic pressure 

q' 

R 

r 

s 

y 

a. 

1 

0 

e 

µ 

local dynamic pressure 

free- stream Reynolds number per inch 

hell um purity, percent by volume 
,cd.2 

reference area, --
4 

distance from test section center line, normal to the flow 

angle of attack, referenced to body center line 

ratio of specific beats of gas 

angle between free-strea.m flow vector and the tangent to the capsule 
surface 

angle of rotation of impact survey rake 

angle between local flow vector and the tangent to the flap surface 

WIND TUNNEL 

Description 

The hypersonic helium tunnel is a closed- circuit blowdown tunnel and 
is shown schematically in figures 1 and 2. The major components are as 
follows: (1) a high-pressure r eservoir for helium storage at 6, 000 pounds 
per square inch, (2) a heater filled with cast- iron pebbles to maintain a 
constant stagnation temperature of about 70° F during a test, (3) four 
interchangeable contoured nozzles which provide Mach numbers of 8, 15, 20, 
and 26, (4) a 20-inch diameter test s~ction equipped with interchangeable 
curved or flat glass optical windows for flow visualization, (5) a model 
support which consists of a position feedback system actuated by hydraulic 
power and controlled electrically by a progrannner through an angle-of­
attack range from +30° to -15°, (6) a straight, constant dia.meter dif­
fuser, (7) two spheres for low-pressure storage with a total volume of 
447,000 cubic feet, (8) a reciprocating helium compressor consisting of 
two parallel vacuum cylinders followed by a series of seven compression, 
cylinders, (9) a helium purifier in which helium gas is cooled by means 
of subcooled liquid nitrogen to condense the impurities, (10) a Beckman 
model -~ data acquisi t ion system. The tunnel can be operated approxi­
mate'fy '·on'ci every 2 hours . To obtain high compression r atios to start 
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the tunnel flow, the circuit upstream of t he nozzle is prepressurized to 
a value higher than the operating stagnation pressure . Tunnel flow is 
then started by means of a quick- opening valve located upst ream of the 
nozzle . Stagnation pressures are controlled to within l percent of t he 
desired value by means of a stagnation pressure controller . Helium purity 
during tunnel operation is approximately 99 .4 to 99.5 percent by vol ume. 

Preliminary i nvestigations of tunnel starting problems indicated 
that for flat- faced models, supersonic flow could be established in the 
test· section only if the model diameter were less than l -l/2 inches. To 
permit the testing of larger models , a "flow starting spike" is placed 
ahead of the model while the tunnel is started and stopped (see fig. 2). 
During the test period, the spike is retracted upward into the boundary 
layer along the wall. As well as allowing testing of flat- faced models 
as large as 3 inches in diameter , the spike arrangement reduces axial 
forces on the models to tolerable limits (reducti9n amounted to 50 percent 
of starting va1ue) . 

Nozzle Flow Characteristics 

To evaluate stream properties a survey of total pressure was made 
in the test section . The results of surveys using the Mach number 15 
nozzle are shown in figure 3 . Plotted in this figure is the ratio of 
pitot pressure to stagnation pressure as measured on horizontal and 
vertical diameters normal to the flow (i.e ., e = o0 and 90°, respec­
tively) . Data are shown for two stagnation pressures at four longitudinal 
stations in the test section, spaced 7 inches apart (see fig. 2 for sta­
tion locations) . Pitot- pressure surveys were made with a l5-tuhe totaJ.­
pressure rake which was positioned at the desired test- section station 
by means of suitable extensions between the rake and the model support. 
Pressures were measured with strain- gage-type pressure transducers. 
Pitot-pressure data were corrected for real gas eff ects by the method 
given in reference 6. These corrections were in the order of 2 to 3 per­
cent . The helium purity was approximately 99.4 percent for all but one 
test . The 0 .6-percent contamination. was due to air and its effect on 
measured pitot pressures was estimated from results given in reference 7 
to be in the order of 1 percent. Since this is a small .error, no 
corrections for impurities were made to the data . 

As may be noted from figure 3 the ratio of Pt /Pt was fairly 
• 2 1 

constant for a distance of approximat ely 5 inches on either side of the 
test section, indicating a test core approximately 10 inches in diameter. 
Therefore with a 20-inch- dia.meter test section the boundary layer is 
approximately 5 inches thick. The approximate boundary- layer edge is 
denoted in this figure as the intersection of straight lines faired 
through the data. Values of Pt

2
/pt

1 
on the horizontal and ~e.'5:-ti<?al 

</9 
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diameters were in good agreement and did not vary appreciably between 
stations O and 14. At station 21 • values of Pt /pt near the center line 

•. . 2 1 
were less than those at the outer extremity of the core and less than 
those measured at the other three stations. 

Mach number as determined from the ratio of Pt
2
/pt

1 
(-see ref. 8) . 

are plotted in figure 4. Only a 3-percent reduction in Mach number is 
indicated in this f igure as a result of a 50-percent reduction in Reynolds 
number. At the lower Reynolds number the thicker nozzle boundary layer 
caused a reduction in the effective test section area and thus reduced 
the Mach number. For the design Reynolds number of o.744x106 per inch, 
the measured Mach number agrees well with the design Mach number of 15, 
indicating that the boundary- layer predictions calculated by means of 
reference 9 and used in the nozzle design were fairly accurate. At sta­
tion 21 the increase in Mach number near the center line of the test 
section corresponds to the decrease in Pt

2
fpt

1 
noted in figure 3 at 

station 21. 

No measurements were made to determine flow angularity in the test 
section. The constant and synnn.etrical Mach number distribution at sta­
tions o, 7, and 14 suggests that the angularity of the flow is small. The 
change in stream angle along the center line was estimated from the change 
in Mach number between these stations and the resulting change in Prandtl­
Meyer angle. (This approach is similar to that used in r ef . 10.) The 
coIJIPuted change in stream angle was in the order of 0.05° to 0.15° 

MODEIS 

The basic configuration was a body of revolution with a conical 
afterbody of 26.5° half- angle and a spherical-segment front face (see 
fig. 5). The face diameter was equal to the radius of the spherical 
segment. The moment center was 0.284 face diameters aft of the front 
face. Two models were tested in order to cover the desired angle-of­
attack range (+15° to -60°). One model was rear- supported and one model 
was side- supported at 30° offset from the balance center line. 

Two types of control flaps were tested with each model as shown in 
figure 5. The "flat" flap was a flat surface perpendicular to the model 
axis of revolution at the juncture between the front face and the after­
body. The "conical" flap was an extension, in the forward direction, of 
the conical afterbody. The ratios of flap area to model frontal area 
were 0.049 and 0.047 for the flat and conical flaps, respectively. 

The model lift, drag, and pitching moment were measured at angles of 
attack from +15° to -60° by a f lexure-type strain- gage balance (see 
fig. 6). The balance also served as the support sting for the models. 
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RESULTS AND DI SCUSSION 

Force and Moment Data 

Values of cm, CL, CD, and L/D for the basic capsule are shown in 
figure 7 for a test Reynolds number of 1. 8 million (based on model dia.m­
eter) . In figure 8 , values of Cm, CL, Cn, and L/D are shown for the 
capsule equipped with flat and conical flaps. The base drag arising from 
the pressure difference between the free-stream static pressure and the 
static pressure measured at the cut-off base of the model was less than 
1 percent of the measured drag and no adjustments for base drag were made 
to the data. For comparison with the helium results, data obtained in 
ai r at M = 3.3 E!Jld 5.5 for this shape (ref. 4) are also shown in these 
figures. 

The helium data in figures 8(a) and 8(b) show that the conical flap 
trimmed the model (Cm= 0) at a somewhat more negati ve angle than did the 
flat flap . The trim angles were approximately - 23° and - 19° for t he con­
ical and flat flaps, respectively, and at these trim angles the lift-drag 
ratios were approximately 0 . 34 and 0 .30 . 

For comparison with the experiment al data, predicted force and moment 
coefficients are shown in figures 7 and 8. For the basic capsule (fig. 7) 
and for the capsule with a flat flap (f ig. 8(a)) the predicted pressure 
coefficients were based on modified Newtonian theory (ref . ll) which con­
siders pressures only on the surfaces facing into the stream. The 
following equations were used: 

(1) 

where 

(2) 

For helium at a Mach number of 15 and air at a Mach number of 3 .3, values 
of Cpi:nax calculated from equation (2) are 1.75 and 1 .76, which, for 
practical purposes, are equal. Therefore , force and moment coefficients 
predicted by modified Newtonian theory ar.e the same for these helium and 
air conditions. For the model with the conical flap , force and moment 
coefficients are shown in figure 8(b). At angles of attack for which the 
local Mach number at the f lap was less than 1 (~ > -15 .8°), impact 'pres­
sure was used to predict pr essure coefficients on the flap (Cp = r_ ); 

o ~ymax 
whereas, for a Mach number of more than 1 (~ < -15.8 ), embedded Newtonian 
theory was used. The following equation (ref. 12) was used: 
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cP = CPmax sin2 6 + 2(~)sin
2 µ (3) 

where 6 is the angle between the free-stream flow vector and the tangent 
to the capsule surface at the flap location, and µ is the angle between 
the secondary shock and the surface of the model. For these tests, the 
secondary shock was assumed to be normal(µ= 90°). To deter.mine the 
local value q1 , the following assumptions were made concerning local flow 
conditions upstream of the flap: a total pressure corresponding to that 
downstream of a normal shock wave and a static pressure equivalent to the 
value predicted by Newtonian theory at the capsule surface. 

The helium data for Cm, CL, and L/D agree reasonably well with the 
theoretical data and with the air data over most of the angle- of-attack 
range for the capsule with or without the flaps . The largest discrepancy 
appears to be in values of Cn · At ~ = o0 the model drag coefficients 
are approximately 7 percent lower than both the air data and the predic­
tions. To further i nvestigate the drag coefficients in helium, predic­
tions of the flow field over the nose section of the capsule, without 
flaps and at zero angle of attack, were made by the method described in 
reference 13 . The experimental shock-wave shape was used as an input 
condit ion in the calculation. Predictions of surface pressures by this 
method were then integrated over the surface of the nose section to deter­
mine the forebody drag coefficient. In the low density helium flow the 
forebody drag is essentially the total drag because afterbody pressures 
are negligible. The calculated value of Cn shown at zero angle of 
attack in figure 7 agrees well with the experimental helium data . 

Shock-Wave Shapes 

The knowledge of shock-wave shapes is helpful since it permits the 
prediction of local conditions in the flow field over the vehicle for 
many conditions. For exa.rqple, as previously discussed, experimental 
shock-wave shapes can be used. to calculate model surface pressures by the 
method given in reference 13; also t4e method described in reference 12 
to predict pressure coefficients is based upon the shock-wave shape. 
Sa.rqple shadowgraphs of the mod.els investigated are shown in figure 9. 
These photographs were taken through the curved windows of the test sec­
tion. Therefore, all vertical measurements from the shadowgraphs had to 
be corrected to compensate for approximately •a 10-percent error due to 
glass distortion. The correction factors were obtained from detailed 
calibrations of the windows and are believed to be accurate to 1 perce~t. 
The photographs (fig. 9) show the strong bow shock wave but because of· 
the low test section density, details in the flow over the model are not 
visible. 
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Comparisons between measured and predicted bow shock waves for the 
basic capsule at o0

, -15°, and -30° angles of attack are shown in fig-
ure 10. Shock-wave patterns were predicted by the method of reference 14. 
This method can be used only for the capsule forebody between the sonic 
points which are assumed to be at the corner of the body or where the 
angle between the flow vector and the tangent to the surface is 45° . 
The method adequately predicts the shock-wave shape in the nose region 
in the angle-of-attack range from o0 to -15°, but for angles more negative 
than -15°, the prediction departs from the measured shapes near the test 
body" corner. 

CONCLUSIONS 

The measured and predicted aerodynamic characteristics have been 
presented for a Mercury type capsule with two types of control flaps. The 
tests were made in the Ames Hypersonic Helium Tunnel at a Mach number of 
15 and a Reynolds number of 1.8 million (based on maximum diameter). Com­
parison of the data for the two types of flaps and comparison of the meas­
ured characteristics in helium with those obtained in air and with those 
predicted indicate that: 

1 . The conical flap had the greater trim effectiveness resulting 
in a trim angle of approximately -23° for a lift-drag ratio of about 0.34; 
the flat flap had a trim angle of -19° for a lift-drag ratio of 0.30. 

2 . Modified Newtonian theory predicted the effectiveness of the flat 
flap reasonably well; the effectiveness of the conical flap was predicted 
by assuming impact pressure on the flap and by an embedded Newtonian 
correction when the local flow exceeded a Mach number of 1 . 

3. Force and moment coefficients measured in helium at a Mach number 
of 15 agreed well with those measured in air at Mach numbers 3.3 and 5 .5. 
The largest difference was in drag coefficient with the helium data 
approximately 7 percent low as compared to the air data. 

. 4. Shock-wave shapes on the for ebody of the basic capsule were 
predicted for angles of attack from o0 to -15°. 

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field, Calif., Aug. 10, 1962 
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't ,i. ') ~ :, :• , .,,, 
•:• :- .. }-

) •'I •".J ~ 9 
,.. > ') 
t> .... <.;• ,:~ ;? , , 

REFERENCES 

l . Chapman, Dean R. t An Analysis of the Corridor and Guidance Require­
ments for Supercircular Entry Into Planetary Atmospheres . NASA TR 
R-55, 1960. 

2 . Levy, Lionel L. , Jr. t An Approximate Analytical Method for Studying 
Atmosphere Entry of Vehicles With Modulated Aerodynamic Forces. 
NASA TN D- 319, 1960. 

3 . Intrieri, Peter F. : Effects of Transverse Center- of- Gravity Displace­
mep.t, Afterbody Geometry, and Front- Face Curvature on the Aerody­
namic Characteristics of Mercury-Type Models at a Mach Number of 
5. 5. NASA TM X- 569, 196L • 

4. Sa.mmonds , Robert I., and Dickey, Robert R. : Effectiveness of Several 
Control Arr angements on a Mercury-Type Capsule. NASA TM X-579, 
1961. 

5. Henderson, Arthur Jr .: Experimental Investigation of the Air-Helium 
Simulation Problem on Various General and Specific Configurations 
at Hypersonic Speeds. NASA Langley Research Center. Paper pre­
sented at t he Second Symposium on Hypervelocity Techniques held in 
Denver, Colorado, 19-21 March 1962. 

6 . Erickson, Wayne D.: Real-Gas Correction Factors for Hypersonic Flow 
Para.meters in Helium. NASA TN D-462, 1960. 

7 . Henderson, Arthur Jr . , and Swalley, Frank E.: Effects of Air Contam­
ination in· a Helium Tunnel. NASA TN D- 406, 1960. 

8 . Meuller, James N.: F.quations , Tables, and Figures for Use in the 
Analysis of Helium Flow at Supersonic and Hypersonic Speeds . NACA 
TN 4063, 1957. 

9. Persh, Jerome, and Lee, Roland: A Method for Calculating Turbulent 
Boundary Layer Development in Supersonic and Hypersonic Nozzles 
Including the Effects of Heat Transfer. NavOrd Rep . 4200, 1956. 

10 . Frick, Charles W., and Olson, Robert N.: Flow Studies in the Asym­
metric Nozzle of the Am.es 6- by 6-Foot Supersonic Wind Tunnel. NACA 
RM A9E24, 1949, 

ll. Lees, Lester: Hypersonic Flow. Preprint No. 554, Institute of the 
Aeronautical Science, Inc . 1955. 



J.0 
~ ~ •) ;;) ' 1 ~ 

' ' s :< } 
., •;!) 0 ~•; ·:) ,:~ 
~ ~~ ~ ~ 3 ~ »2 ·):) ~ ~ 0h ~~ 

.-,r; , :• :,. 

·~ :;i, 
• ,.Z ❖";-•1, 

-·~ ❖) ·:':,I 

J.2. Seiff, Al.vin, and Whiting, EJ.J.is E .1 The Effect of the Bow Shock 
Wave on the Stability of BJ.unt- Nosed Slender Bodies . NASA TM 
X- 377, 1960. 

13 . Fuller, Franklyn B.: Numerical. Solutions for Supersonic Fl.ow of an 
Ideal Gas Around BJ.unt Two-Dimensional. Bodies . . NASA TN D-7.9J., 
J.961. 

J.4. Kaattari , George E. : Predicted Shock EnveJ.opes About Two Types of 
Vehicl.es at Large Angles of Attack . NASA T.N D-860, 1961. 



( 7) 
Vacuum sphere 

Helium purifier 
(9) 

(I) 

(7) 
Vacuum sphere 

hrottl ing valve 

High pressure reservoir 

Figure 1. - Diagram of hypersonic helium tunnel . 
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(a) Basic capsule. 

(b) Capsule with flat flap . 

(c) Capsule with conical flap. 

Figure 9-- Shadowgraph pictures of the models. 
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