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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

FREE-FLIGHT HEAT-TRANSFER MEASUREMENTS ON TWO 20°-CONE-CYLINDERS
AT MACH NUMBERS FROM 1.3 TO 4.9

By Leonard Rebb and Scott H. Simpkinson

SUMMARY

Hegt-transfer data were obtalned in free flight at supersonic Mach
numbers up to 4.90 and local Reynolds numbers per foot up to 27.7 million.
Two 20°-included-angle cone-cylinder models, instrumented along the in-
ternal surface of the cone, were launched from a carrier sirplane at an
altitude of approximately 36,000 feet. Each model was accelerated to
maximum velocity by an internslly housed rocket. The models followed
zero-1ift trajectories until ground impact.

Boundary-layer transltion was indicated on one model at various
stations along the cone. For this model, transition occurred at each
station at a constant surface Reynolds number of 8.0 million and a ratio
of skin temperature to local stream temperature of 1.0. Both models had
turbulent boundary layers in the region where, according to Van Driest’'s
predictions, laminar boundary layers should have existed. However, a
surface discontinuity may have induced turbulent flow.

The maximum deviation between the local turbulent Stanton numbers
predicted by Van Driest and the observed data was 20 percent when the
Reynolds number was based on the distance to the cone apex. The drag co-
efficient was 0.22 at a free-streem Mach number of 4.69.

INTRODUC TION

The design of supersonic missiles requires an understanding of lami-
nar and turbulent boundsry-lasyer characteristics under various conditions
of heat transfer. Many theoretical analyses of the leminar boundary layer
and, to a lesser extent, of the turbulent boundary layer, have been made.
Attempts have also been made to gain an understanding of the phenomenon
of "boundary-layer transition." However, the factors affecting the tran-
sition from a leminar to a turbulent boundary layer and the characteris-
tics of the turbulent boundary layer itself have not been adequately
evaluated. Experimental datas on the subject are particularly needed at
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high Reynolds numbers and at very low turbufence c ndffions Since tnese_
conditions are difficult to obtain in wind tunnels) the NACA has imple-

mented its over-all program with a series of free- ?ligﬁt tests at Walirps h
Island, Virginis.

The data reported herein were obtained. from two test models. designed
end constructed at the NACA Lewis laboratory. Theltesf models (fig. l)
were 200-included-angle cone-cylinder bodiles “of re olution, which were_ .
launched subsonically at an altitude of approximat ly 36,000 feet. An.
internally housed rocket accelerated the test models to meximum velOCities "
Following the rocket-powered period, the models decelerated because of
drag forces. The cone-cylinders were fin—stabilized and followed zero-
1ift trajectories until ground impact. = 7

Each model was i1nstrumented primarily to obtain the time history of
the skin temperature along the cone, and the_data were obtained with a
10-channel telemetering unit. .

APPARATUS AND PROCEDURE

The two models reported herein are designated odéI 3 and model 4.
Bach model was approximately 80 inches long and con isted basically of a
200-included-angle cone with a 9.25-inch-diameter cylindrical afterbody.
The genersl dimeneions and specifications for the models are given in _
figure 1. Solid-propellant”rockets were used to actelerate the models to
peak velocity. The rockets were maintained at 100°F béfore ignition. Co.
Both models were stabilized by a cruciform fin arrangement The fins were
fabricated of 1l-gage (0.125-in.) carbon steel and had & root-chord thick- |
ness ratio of 0.011. The leading and trailing edges of the fins were _ -
beveled. Lead ballast {13.5 1b) was used in the noge 1o provide stability
at the peak Mach numbers. The shells of the modelsiwere seam-welded
Inconel and were hand-polished to a smooth mirror finish

The models were fabricasted in three sections, as shown by figure 2
The forward section served as a radio-telemeter antenna and was separsated
from the intermedlate section by a ceramic ring. THis Ting caused a sur-
face discontinuity that varied circumferentially frdm a'Eump to & depres-
gsion. The mexlimum height of this surface irrégularity was approximately
0.003 inch. The use of surface putty on model 4 d1d not entirely elimi-
nate the roughmness. Surface putty was not used on ﬁodel 3.

The following instrumentstion was used for each of_the two models:
(1) One linear accelerometer (for axial,accelergtiohs)

(2) One flush static-pressure orifice on aft part of cylinder_(fig.-l)'
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(3) One total-pressure probe (fig. 1)

(4) Seven resistance-wire temperature elements located along inside
surface of intermediate section (fig. 3)

The temperature-sensitive resistance elements (fig. 4) consisted of
fine platinum wires approximgtely 4% inches long. Two inches at each end

were plated with silver to form low-resistance lead wires, leaving the

1/2 inch at the center as the effective sensing element. The wires were
cemented to the skin with a layer of high-temperature lInsulating varnish
that was only a few thousandths of an inch thick. The entire installation
was roughly 0.004 inch thick, Special Junction blocks located 3 inches
from the sensing elements were used to Join the silvered lead wires to

the coaxial cables from the telemeter units.

The models were carrled aloft by an F-82 airplane and were released
at an altitude of approximately 36,000 feet. Data were radio-telemetered
to the ground receiving stations from the 10-channel telemeter unit in
the intermediate section. Additional data were obtained for model 4 by
an SCR-584 radar unit. The radar was equipped with optical as well as
automatic tracking facilities. No radar data were obtained for model 3.

The time constant of the temperasture elements was less than 0.003
second. This resulted in a maximum error of 1° R in the measured skin
temperature tg and 0.3° R per second in the rate of change of the skin

temperature dts/dT. (Symbols are defined in appendix A.) These errors

are systematic errors that directly affect the calculated heat-transfer
coefficients h.,. Additional systematic errors in h., were caused by

radiation heat losses and by a temperature drop through the skin to the
internal surface where the elements were located. The calculated values
of h,, that are discussed in this report are uncorrected for these

systematic errors and therefore are low by a maximum of 5 percent.

Rendom errors also influenced the heat-transfer coefficient hcv‘

The probable error due to these random errors varied from 14 to +6 per-
cent during the acceleration phase of the flights. These errors are in
addition to the sbhove-mentloned systematic errors.

RESULTS AND DISCUSSION

Both test models were launched at free-stream Mach numbers of 0.55
and followed zero-1ift trajectories until impact. The rocket motors
fired after delay times of 19.8 and 5.4 seconds, respectively, for models
3 and 4. The shorter delay time of model 4 prevented it from pitching
downward. A flatter trajectory resulted (fig. 5), which increased the




" NACA RM ES5F27

flight time from 31.0 seconds for model 3 t6.55.0 secdﬁﬂs for model 4..
(For convenience in presenting the data, the time histhies are shown
from 19 to 31 seconds for model 3 and from £ to 36 seconds for model 4. )

The maximum free-stream Mach numbers attalned'weré 4.42 (model 3)
and 4.90 (model 4). Visual contact with model 4 was Iost immedistely
after rocket burn-out, and the subsequent radar date were obtained from

the automatic tracking facilities of the SCR-584 rddar unit.

The telemeter signal of model 3 was intermittent " This intermit-ii. )

tency, however, did not reflect on the accuracy of the _recorded data, __ .
because the intermittency was in the carrier signal and not in the sub-
carrier data channels. The telemeter signal for model 4 was continuous
throughout the entire flight. Of a total of 20 channeIE telemetered for
the two models, three of the temperature channels dld not function prop—
erly. No data are presented for these channels. )

Primary Data o=

Free-stream conditions. - The time histories of the measured static
pressures on the cylindrical afterbodies of models b afid 4 are presented
in figure 6. The measured pressures were less thanlfree stream static
pressures because of the flow expansion at the cone- L cyIInder shoulder.
Corrections (ref. 1) were applied to the measured etatic Qressures_to
obtain the free-stream static pressures pg. The ctrrétted vglues of PO

are shown in figure 6 as solld lines. The free- stréam Btatic pressures of

model 4 were also obtained from rader data (see appéndix B). Figure 6(b)
shows the close agreement of the radar data and the! corrected values of~
Po- t -

The time histories of the measured total presstres_for the two models
are shown in figure 7. The values do not represent free-stream values of
total pressure because of the inherent normal-shock’ losg of the probe and
the slight loss in total pressure across the conical shock wave origina-
ting at the cone apeX. -

The free-stream Mach number, velocity, and Reynoldf number per foof
are presented in figures 8, 9, and 10, respectively; The free- stream
Mach numbers of model 3 (fig 8(&)) increased from dpproximately 0.8 at ’
rocket ignition to & maximum of 4.42. Model ¢ (fig. 8(b)) reached a maxi-
mum free-stream Mach number of 4.90. Becausé of the long rocket ignition—
delay time (mentioned. previously) and the resulting los§ in altitude)
model 3 was still at a supersonic Mach number (2. 42) at_impact. Model 4
decelerated to a subsonic Mach number of 0.80 at rmpact The maximum
free-stream velocities attained were 4720 and 5080 feet per second for
models 3 and 4, respectively (fig. 9). The MaXimum free-stream Reynolds
numbers per foot (Rep/ft) were 20.8 million and 11. € miillon (£ig. 10).
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Figure 10 also presents the local cone surface Reynolds numbers per foot
(Res/ft), which are appreciably higher than the corresponding free-stream

values. The maximum cone Reynolds numbers per foot were 27.7 million and
16.6 million for models 3 and 4, respectively.

Axial acceleration. - The axial-scceleration measurements (excluding
gravity) are presented in figure 11 in terms of gravitational units (g's).
The acceleration data for model 3 were not continuocus throughout the
flight but do present an adequate time history after 22.75 seconds. The
peak acceleration which should occur immediately after rocket ignition
was not recorded for model 3. The highest recorded value was 27.3 g's at
24.1 seconds (fig. 11(a)). The peak acceleration of model 4 was observed
immediately following rocket ignition (fig. 11(b)) to be 50.84 g's. A
second peak of 28.4 g's occurred at 9.6 seconds. The accelerstion time
history of model 4 corresponds closely with the anticipated rocket thrust
time history.:

Following the power-on phase, the acceleration (excluding gravity)
was influenced only by the drag forces acting on the models. The total
drag coefficlent was therefore based on the accelerometer measurements
during the decelerating phase for both models. The total drag coefficient
Cp, based on a maximum cross-sectional aree of 0.466 square foot, is pre-
sented in figure 12 for models 3 and 4. The drag coefficient increased
from 0.16 at a free-stream Mach number of 0.80 to 0.55 at My of 0.99

end then decreased to 0.22 at My of 4£.69.

Skin temperstures. - The time histories of the measured skin tempera-
tures tg; are shown in figures 13 and 14, Also shown In each figure are
the free-stream total temperature Tgy, the theoretical insulated skin tem-
perature tgq based on an assumed recovery factor (see appendix B), the
static temperature just outside the conical boundary layer tg, and the
free-stream static temperature tg-

The peak skin temperatures of the rear five measurements on model
3 agreed quite well with the theoretical adiabatic wall temperature at
the corresponding times. However, this fact cannot be used to verify
the theoretical recovery factor. To do so would require a precise knowl-
edge of the emissivity of the skin. Other factors, such as the rapid
change of Ty with time, also make the determination of the recovery

factor difficult. The data of the most forward element show the peak
skin temperature to be considerably lower than the corresponding -tad'

Calculations indicate that this difference could be due to heat flow to
the structural bulkheed close to the most forward temperature element

(fig. 3(a)).

BTN
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sulated skin temperature. However, the peak skin temperatures presented
for the two most forward elements (located 180° abart) do not correspond
to tyq (fig. 14). This difference is not believed Fo be due to

a "bulkhead effect," since calculations indicate hegligible "pulkhead .
effect" for these elements The reasons for the low values of the peak
skin temperatures for the forward elements are not clearly understood.

The skin temperatures presented in figures 15 aiid 14 exceed the free-
stream total temperatures during the latter portibn of the flight because
of the heat capacity of the metal skin. A maximum skin temperature of

1650° R was observed on model 3 at a slant distante 1 from the cone apex '

of 24.21 inches. The peak skin temperature of moflel. 2 was 1565° R at
1 = 17.23 inches:. The following table prefénts the maximum observed tem-
perature and maximum rate of rise for each temperature measuring station:

Model 3 ' M?del 4
Slant Maximum Maximum Slant - |Maximum Maximum
distance | tempera- rate of distance | tempera- rate of
to apex, |ture, tg, | tempera- to apex, |ture, Ty, | tempera-
i, oR ture rise, 1, o ture rise,
in. °R/sec in. - _ °R/sec
14.46 1510 330 15.29 1435 265
18.40 1580 320 15.23 1435 290
20.34 1375 2380 17.23 1565 270
22.34 1500 280 21.10 i460 . 240
24.21° 1650 320 22.91 1450 265
25.96 1510 - 290

The peak temperatures of models 3 and 4 do not show a smooth axial
variation. The high-peak temperature of 1650° R for model 3 at 1 = 24.21
appears out of place, as does the peak temperature of 1565° R at
1 =17.23 for model 4. These irregularities are not Fully understood.

The authors feel, however, that they are not instrumentation errors.

The higher values of peak skin temperatures dnd Fates of temperature
rise for model 3 as compared with model 4 wére the restlt of the flight
trajectories. Model 3 was at lower altitudes (higher alir density) than
model 4.at compargble flight speeds. - [ e -me =T

The maximum rate of skin-tempersasture rise observed was 3300 R per
second at 1 = 14.46 inches for model 3. This value corresponds ‘to a
heat-transfer rate of 0.35 Btu/(sq in.)(sec). T I
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Heat-Transfer Results

Experimental Stanton number. - The time histories of the measured
skin temperatures were used to compute heat-transfer coefficients as
described in appendix B. Figure 15 shows these coefficients for model 3
in the nondimensional form of Stanton number St plotted for free-stream
Mach numbers of 2.71 to 4.42. Corresponding cone Reynolds numbers per foot
of 10.3 million to 27.2 million are also indicated slong the gbscissa.
In addition, the figure includes the ratio of the measured skin tempera-
ture t; to the calculsted static temperature just outside the boundary

layer tg. Values of this ratio vary from 1.2 to 2.2. Results indicate

that, throughout the Mach number range shown, the boundary layer of model
3 was turbulent all along the instrumented portion of the cone.

Figure 15 also includes the theoretical curves of Stanton number as
predicted by Van Driest in reference 2 and as corrected to cone values
(ref. 3). Two characteristic lengths were used to compute the Reynolds
number and therefore show the effect on Stanton number of the movement of
the effective origin of transition. One computation was made with 3
(the distance of the temperature element from the cone apex) and the other
with 34 (the distance between the element and the junction of the antenna

and the ceramic spacer ring).

The data of model 4 are presented in figure 16 for free-stream Mach
numbers from 1.31 to 4.90. Corresponding cone Reynolds numbers per foot
and tempersture ratios ts/fa varied from 3.0 million to 16.7 million

and 1.0 to 2.0, respectively. The theoretical Stanton numbers in figure
16 were based on Reynolde numbers from the cone apex. Predicted laminar
values of Stanton number are also shown in figure 16 (ref. 4).

The maximum difference between the experimental Stanton numbers and
the values of Van Driest for both models is 20 percent when the local
Reynolds number is based on the length to the cone apex 1.

The data presented in figures 15 and 16 gre only for the accelerating
portion of the flights.l

lAs mentioned in appendix B, the experimental Stenton number 1s re-
lated to the specific heat of the skin. This in turn is a function of the
skin temperature. Data obtained from reference 5 show a sharp disconti-
nuity in the curve of instantaneous specific heat against temperature for
Inconel at temperatures between 1390° and 1490° R. Consequently, the
Stanton number cannot be evaluated accurately through this temperature
raunge. Also, the error in Stanton number spproaches infinity as the
slopes of the skin-tewperature curves approach zero. Additional inaccu-
racies occur when the difference between tgg and tg; becomes small.
These factors affect the calculations during the decelerating phase of

the flights.
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Boundary-layer transition. - The datg for model 4 (figs. 14 and 18)
clearly indicate the boundary-layer transition from Taminar to turbulent
flow. Boundary-layer transition 1s characterized by large changes in the
Stanton number, as shown in figure 16. . For. example, in figure 16(c), the
Stanton number increases from 0.00032 at 'Mb '39 %o 0.00119 .at ' N

Mp = 2.51. The associated rapid rise in skin temperatures at approxi-

mately 8 seconds is shown 1n figure 14( ). 'The skln temperatures from
6 to 10 seconds of figure 14 are presented in figure 17 on expanded ,
scales. The approximate time of transition at each temperature station
is also indicated. ‘

[ T TN R

Transition for model 4 first occurred at approximately 7 seconds at
1 = 22.91. The transition point then moved forward until at 8.0 seconds
the entire boundary layer over the instrumented sectIon of the cone was
turbulent. The movement of the transition point iis alsosillustrated in
the top part of figure 18, which presents the free-stream Mach number. gt
the time of transition for each station. Transition occurred st approxi-
mate Mach numbers of 1.85 for the rear stations ahd 2750 for the forward -
stations. The cone surface Reyholds rdumber at transItion was aspproxi-
mately constant at 8.0 million for each station (lower part of fig. 18)
The transition Reynolds number may have beén influenced by the surface T ‘.
discontinuity at the antenna Junction. : - e

J.-lx ¥ :Hﬂ:SsélL‘.

Boundary-layer stability. - According to Leeb (ref 6) and Van Driest *)
(ref.” 7], complete stabilization of a laminar boundary layer is possible
under certain condltions. Some of the data of this report are compared
with the stabllity criteria of Van Drilest (ref. 7) in figure 19. The -
theoretical stabillty curve is plotted for infinite Reynolds number and =
a Prandtl number of 0.75 with the viscosity based| on-the Sutherland =~
equation. This shows that for a given local Machi number Mg, values of .

/ta equal to or less than those glven by Van Driest would be sufficienti“
to provide complete stabilization of the laminar boundary layer. Some
experimental data of references 8 and 9 tend to cénfirm the predictions
of references 6 and 7. However, typlcal data of this report, presented
in figure 19, show turbulent boundary layers well|within the area of
complete boundary-layer stabillization predicted by Van Driest.

S id

k
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The data of model 4 at 1 = 15.29 also show!a transition point at
ts/ts = 1.0 and a cone surface Mach number My ©f 2.29. If transition

inl:

occurred along the instrumented portion of the cone of model 3, 4t ocx -
curred very early in the flight where skin-temperature data were not _
recorded because of the intermittent telemeter signaI prev1ously

mentioned. i = == L

LE

The fact that turbulent boundery layefs and & transition point were
indicated in a region of predicted infinite stability may be due to the -
surface roughness at the antenna Jjunction, although an attempt was made I -
to remove the roughness of model 4. ' ; o
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SUMMARY OF RESULTS

Two 20°-cone-cylinder bodies of revolution were instrumented to ob-
tain heat-transfer data in free-flight. The data were obtained st free-
stream Mach numbers up to 4.90 and at Reynolds numbers per foot up to
27.7 million, with the following resuits:

l. Transition was indicated at several stations on one model at &
constant cone surface Reynolds number of 8.0 million and a ratio of skin
temperature to local stream temperature of 1.0.

2. Turbulent flow occurred on both test models in the region of com-
plete boundary-layer stabilization predicted by Van Driest. However, a
surface discontinuity may have induced transition.

3. The local turbulent heab-transfer coefficient differed from the
theoretical values of Van Driest by a maximum of 20 percent, when the
cone Reynolds number was based on the distance from the cone apex.

4. A meximum skin temperature of 1650° R and a maximum rate of tem-
perature rise of 330° R per second were recorded.

5. The drag coefficient of the test models varied from 0.55 at a
free-stream Mach number of 0.99 to 0.22 at a free-stream Mach number of
4.69.

Lewis Flight Propulsion Laboratory
Natlonal Advisory Committee for Aeronsutics
Cleveland, Ohio, April 27, 1955
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SYMBOLS ' Poo= - "——;4—j‘i
The following symbols are used in this iéport:; - B =
maximum cross-sectional area, 0.466 sq £t
axial acceleration, g's (exclusive of.graviti)

total drag coefficient i ;T T o 2

specific heat of air at constant pressure, Btu/(slug)(CR)
specific heat of skin, Btu/(1b)(°R) - e

heat capacity of skin, (cg)(x)(W,), Btu/(sq £t)(°R)

accelerstion due to gravity, 32.17 ft/éecz

static enthalpy, Btu/lb
total enthalpy, Btu/lb = -

local convective heat-transfer coefficient, G(dta/dr)/(tad - tg),
Btu/(sec)(sq £t)(°R) . A

thermal conductivity, Btu/(sec)(ft)(°R} .- _ R

iy

glant distance from cone apex, in.

!
iy
il

Mach number ooz

Af

b
"

Nusselt mumber, h.,1/k : !

|
r i- A F R

total pressure, 1b/sq ft L S SR

Prandtl number, Cpu/k - - = IR

static pressure, lb/sq Tt _—

b
!
FEi) -u.i

heat transferred per second, Btu/sec

gas constant, 53.3 £t-1b/(1b)(°R) -

l 1 10
|
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. 1 A

Re Reynolds number, VZp/in

8, wetted surface area

St Stanton number, hcv/bpp8V5

T total temperature, °R

t statlic temperature, °R

v velocity, ft/sec

W welght of test model at rocket burn-out

Wy specific weight of Inconel skin, 530.5 lb/cu ft at 70° F

X skin thickness, ft

B recovery factor (Prl/3 for turbulent flow; Prl/z for laminar flow)

' ratio of specific heat of air at constant pressure to specific
heat of alr st constant volume

! coefficient of viscosity of air, lb-sec/éq ft

o) density of air, slugs/cu £t

T time, sec

¥ angle between flight path and vertical reference line in space

Subscripts:

ad adiebatic wall

i initial

m measured

8 skin

o) conditions Jjust outside conical boundary layer

o behind normal shoc£

0 free stream

1 slant distance from temperature element to Junction of antenna and

ceramic insulstor ring

@' : X --lm Iiﬁ!_
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METHOD OF CALCULATION ' .~ S

The free-stream static pressure Do eﬁcountered'ﬁy the test models
was obtained from the flush orifice located on the!cylindrical afterbody.

These measurements were corrected for the flow expansiﬁn around the cone-

cylinder shoulder in accordance with reference 1. IThe smbient pressure
was also obtailned from the radar data as follows. 'The SCR-584 radar
tracking unit observed the carrier plane as it deséended. At specified
intervals of pressure altitude, the radar recorded!the position of ‘the
airplane. From such a survey, a curve of static pressure agalnst alti-
tude could be obtained. The radar also provided a 'time history of the
altitude encountered by the test models. By combining the curves of Po

against altitude and altitude agalnst time, the curve of pgy against
time was obtalned. The free-stream static temperature“Was obtained from

8 calibrated temperature probe at each pressure altitude as the carrier
elrplane descended. o=

The free-stream velocity Vg was calculated by slmming the incre-

mental changes of velocity over short time intervals “The following
equation was used: = -

T ’ _ .
2 )
Vo = V4 + 32.17 E (a + cos 1]() A'r: B {B1)
o - .
where y pE
a average axial accelergtion, g's (exclusive of gravity), during time

Interval A-w

¥ average angle between flight path and vertical reference line in
space during time interval A-x :

The velocity was also obtalned from

Vo = Mo VTR

where M, was calculated from the Rayleigh equation: ~

1 !H!:

3_._:-(32)
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. ( 2y Y- l}T-l
0 T +1 T+ 1
O,¢

Y+ 1 r-1
(=%
and PO,U is the measured total pressure behind the normal shock cor-

rected for total-pressure loss across obligue shock wave at apex of cone.
The free-stream velocity Vo was also obtained directly from the radar
data.

The total drag coefficient was calculated for the decelerating por-
tion of the flight from

2W a
Cp = (B4)
TogHGA
where W 1s the weight of the test model at rocket burn-out.

The free-stream total temperature T, was obtained by evaluating
the total enthalpy EHyot,o from

va
0
Bot,0 = Hst,0 + 55,086 (85)
Reference 10 gives the corresponding To for the calculated Htot,o'

The free-stream Reynolds number per foot Reo/ft was calculated
from

Rep/ft = Joro (Bs)

r
where py was obtailned from the general gas law (%O = Eﬁgé>’ and pg
was obtained from

(1) to and the Sutherland equation (model 3)

(2) to and reference 10 (model 4)

The Reynolds number per foot at the conme surface Reg/ft was obtained
from

- B w .
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vhere Vg, ty, and pgy were obtained from the M.I.T. cone tables (ref
11). The viscosity, ug, was evaluated at tg and o'b’oained from _ p
reference 10, ' - s 4
The convective heat-transfer coefficient h,, was obtained by writing ,_(
a heat balance at the wall that neglected small radiation and conduction _§
losses: = X
dtg P o =
¢ ax 7§, " Pevltaa - ) 2 ()
and, therefore, : T - _:
dtg PoE =
h__ = ,G _az = R - :
v ta,d. - 5 = . -
The heat capaclty of the wall is L
L

6 = (cg)(x)(H,) (B9)
where c¢g 1s from reference 5. ' 7 _
The adisbatic well temperature t,q Wwas calc;:ula:ted by T :
tgq = by + B(Tg imtﬁ) CE (B%?).L -
where - b= : - ,:L
B = Pri/3 for turbulent £low (B11) -

B = prl/2 for laminar fiod “(B12)

and the Prandtl number Pr was evaluated at tj. =
The heat-transfer coefficient was csglculated . in the nondlmensional -
form as Stanton number 8St: i = S L A
h I e :

= —, Lo . (Bl3)
cpPsVs - ' - . -
ted tg. - - ' i B
where cp Was evaluated at tg ) g _ B
L - z
* o -
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Woight at emd of rocket bhoost, 1b 101 105 0.085 0.D. % 0.085 I.D.
Laamching altitude, ft . 38,000 37,000 .
Rocket ignition-delay time, 8ec 19.8 5.4
Design Mach mumber at 52,000 £t 5.0 1 5.0
Center of gravity at launching (station), in 47.87 18,13
Center of gravity at end of rocket boost (station), fn. |  43.50 43.95
Crose-sectional arce (max.), ng £t 0.468 0.466
| 8kin thickness at temperature neumri:ng gtetione, in. | 0.0270 0.0296
Bkin thicknese of shsll, in. 0.032 0.0352
Flo area (2 fins), sg in. : 152 152
Model fineness retio ' 8.85 8,71
Stsbilixing-fin root-chord - thickness mtio 0.011 0.011

Rocket heater blanket

- - —[epeEs
il-fll . !.';-:'
BEAe) SIS
Dimensicm | Model 3 | Model 4 § Dimension | Model 3 | Model 4 '
A 26.25 28.10 R 8.00 8.Q0
B B83.T5 54,50 X 25.25 25.25
c T70.50 T2.10 - J 9.25 9.25 g
D 80.00 B80.EO E 11.77 1.77 o
_ r 11.50 11..50 L 1.50 1.40 >
. . r 7.50 7.50 " 1.25 1.25
: j a 10,00 10.25 n 3§ .38 §
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Figure 7. - Time history of measured total pressure.
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Flgure 13. - Time history of air and skin temperptures for model 3.
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Figure 13. - Continued. Time bistory of air and skin temperatures for model 3.
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3 | RN MR O GO N A A O O S O O S 0 O G 2
'Esl o = — Van Driest, based on Re
g 5 T from cone spex (1 = 14.48 in.)
- g it (refs. 2 and 3)
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+ g H-
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Cone Reymnolds number per foot
(a) Slant distance from cone apex, 14.46 inches.
Figure 15. - Ratio of skin to local stream temperature and

Stanton number ageinst free-stream Mach number and cone
Reynolds number per foot for model 3..
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Flgure 15, - Continued. Ratio of skin to locael stream tem-
perature and Stenton uumber agalnst free-stresm Mach num-
ber and cone Reynolds number per foot for model 3. ) _
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(c) Slant distance from cone apex, 20.34 inches.
Figure 15. - Continued. Ratio of skin to local stream tem-

perature and Stanton number egainst free-stream Mach num-
ber and cone Reynolds number per foot for model 3.
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ber and cone Reynolds number per fool for model 3. +'_ -
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Ratio of skin to local
stream temperature,
ts/ t8

Stanton number, St

3 131 JLI{ TP Ee PO TET L O S K JAfPITIe T I LELI T
H — — — Van Driest, based on' Re
i from cone apex (1 = 24.21 in.)
- (refs. 2 and 3) :
i Ven Driest, based on Re
- from antenna junction
2 (17 = 12.27 in.)(refs. 2 and 3)
1
0014
S ReELLEES
.0010 N m) .”"ﬁ-.
e PP
L s :n-.ﬁ
.0008 ; RS fasesanqias
2.6 3.0 3.4 3.8 4.2 4.6
Free-stream Mach number, M,
L | ! | ! L1
10.3 12.0  14.0 16.1 18.9 21.8 24.3 27.2x10°

Cone Reynolds number per foot
(e) Slant distance from cone apex, 24.21 inches.
Figure 15. - Continued. Ratio of skin to local stream tem-

perature and Stenton number asgainst free-stream Mach num-
ber and cone Reynolds number per foot for model 3.
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B e e R
HH apex (1 = 25.96 in_)(refs{ 2 and 3)
F Van Driest, based on Re from entenna
E2: Junction (17 = 14.02 in. )(refs 2 £
H and 3 ;
2 E
. X
.0014 :
.0010 FEFHEE e
.0006 Yo
.0002 S : o
2.6 3.0 3.4 . 3.8 T 4.2 4.6
Free-stream Mach iitmber, M,
l l | l ! [ | ]
10.3 1l2.0 14.0 16.1 18.9 ;21,8 24.3 27.2x10°

Cone Reynolds number per foot

(f) Slent distence from cone apek, 25.96 inches.

Flgure 15. - Concluded. Ratio of skin to local stream temperas-
ture and Stanton number ageinst free- stream Mech number and
cone Reynolds number per foot for model 3.
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Figure 18. - Transition Reynolds number and corresponding
free-stream Mach number for each temperature measuring
gstation (model 4).
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Figure 19. - Skin-temperature ratlo against local Mach number for bypical

stations on models_ 3 and 4.
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