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ABSTRACT .
The stagnation temperature and temperature rise of che XG-GC3 radome 2

o]
nine stations along the body have been computed on che REAC. Hesulis
were obtained from the solution of the heat balance ecuations for hea
inruts generated during externsl carriage of the weapon through tne
proposed delivery schedule. The analysis shows tha* the XMC-903 radcme
is carable of withstanding the imposed thermal envirorment.
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The results of aan analytical investigation of

eating on the XMHC-503 radome (fig. 1) are presented

shows that the maximum radome temperature at ained during th

external

c 1
perature limitations of all structural materials used in th2 radome

design. It is concluded that the DC-903 radome Is
t

the intended flight plan and resulting thermal

rriage of the weapon is 213°F which is well within the

V.

e propose

nin Lem-

o kR b T
thermally compatinl

environment.

re &y 3 ~y oy
he effects of zerodynunic
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INTRCDUCTION

The stagnation temperature and temperature rise at nine stations ovir
the forward portion of the XMC-9%03 radome (fig. 1) have been determined
for heat inputs derived during the proposed delivery schedule supplied
by Division 1422. The proposed delivery schedule for maximum altit

and speed is deflned by MC-903 Environmental Criterion, Ref. Sym:
1222-(56) as follows: 5C0 nautical mile cruise at 0.95 Mach starting at
LO,000 feet and ending at 50,000 feet followed by & 127 nautical mile
“acceleraticn and climb, ending at Mach 2.0 and 60,000 feet followed by a
ten minute dash at Mach 2.0 and 60,000 feet. The flight profi
sented later in the form of altitude and Mach number as a function of
time for calculation of instantanecus heat irputs. The specific
analysis includes determination of the radome skin temperatures at four
stations on the Vibrin # 135 nose , at the three partitions coentaining
"O" rings and "insulation rings" and at two intermediate stations on the
thin metal wall structure. Section views of the three partitions are
shovm in figures 2, 3 and 4. The analysis also includes a study of the
temperature distribution over the body at various times during the

flight.

The purpose of this regzort is to determine the maximum tempersiure
attzined on the XGC-9C3 radome during external carriage through the

weapon's proposed delive schedule,
P I
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SYMBOLS
< ax BTU
c Specific heat, T8
Py ™ Poo
c Pressure coefficient, ~—;2
P 0.7 P_M
00 00
.. BTU
h Heat iransfer coefficient, =
Ft " -Sec~°R
, o 3TU-Ft
k Thermal conductivity, =
Ft™-Sec-~°R
Moo Free stream Mach number
M6 Mach number at outer edge of boundary l-er
N h s . bt
AST Stantorn number, Ve’ (based on local air propertiec
/
X b
P6 Pressure at outer edge of boundary layer, 5
Pt
Lb
P Free stream pressure, —x
00 .
I
R Recovery factor, 0.85 for laminar B.L. a2nd C.90 for turtulent B.L.
-1 .2
T Recovery temperature, °R, T_ = T_ (1 + —= R¥
av ISR ’ > Taw 5 ( 2 é.)
Té Temperature at outer edge of boundary layer, °R
TO Stagnation temperature, °R
TS Temperature of skin material, °R
Vb Velocity at outer edge of boundary layer, Ft/Sec
b4 Radial distance, feet
e R
'K T ey 13 a1 &—- F—.t——. (bﬁco'i VS ot oy l et S ee )
Therral diffusivity, 5¢? Soc ased on skin malerial properties)
e Time, seconds
. Ib
,P Density, 3

it




ANARLYSIS

The analysis is subject to the following zssumptions:

(o]
N

1. Radiation from the outer skin is negligibl
2. There is no longitudinal conduction of heat in the rodome

outer skin.

)_.J
[\
or
o]
»

L ]

3. The inner surface of the radome skin is a perfect insu

than these actually attained during external carrizge of the radcme.

The general heat balance equations at a point on the rademe nay be

expressed as
2"

J

Q1®
O3
[oF}

—~
}_
~

=

"o

3

with the initial condition (explained below):

=3

~ - {23
Y(x,0) aw N

and the boundary conditions:

3T | .. = .

i e . T - T 20

" oox h{@) ankg) -S(@)J <
x = outer surface

T P

Sl 2o = R

Toox 0 N

50,000 feet reacuires 55 minutes during which time the boundary layer
recovery temperature is constunt. Since essentially no heabing takes
place during this cruise, the cruise time is used only to establish the

radome wall temperaturc equal to the boundary layer recovery temporature.

T

Lo



DISCUSSICH

The XMC-903 radome is subjected to externzl carriage in the Mach r

’)r"g

from 1.0 to 2.0 for a period of nine minutes followzd by a ten :iinute

period at Mach 2.0 during the proposed delivery schedule for the
! g u

As the result of zerodynamic shape, materials, and consiruction us

the design of the radome, different temperature-time response Curves

[a
jo 8
b
o]

obtained at various stations along the body length. Since the material

used in the radome construction have temperature capabilities of apyp

mately 600°F, it is desirable to know the maximum temperaturs of %
materials attained as a recult of the imposed thermal envircmrent.
imposed thermal environment was derived from the proposcd flight p
which is shown graphically in the form of Hach mber and altitude
function of time in figure 5. Since no heating takes place during
first 55 minutes of the flight due to the low Mach number and high
altitude, this portion of the flight was used orly to establish in

skin temperatures equal to the boundary layer recovery temperature

)

Heat inputs were derived for the remzining 19 minutes of the prere

delivery schedule. The stagnation tempereiure and boundery laver

ivial

sed

recovery temperatures resulting from the flight vrofile for the laminzr
) o -

and turbulent boundary layers are shown in figure 6. In crder t

establish the heat transfer to the body, the local hezt transfer coef-

ficient distribution over the body was Zetermined {rom local fiow
tions at each body station in suestion. Pressu
tion (fiz. 7) and Stanton number distribution (fiz. 8)

were obtained [rom referernces 1, 2, 3, and from unpublished Sordia

tunnel test results for similarly shaped bodies and appropriate |

conditions. The local static pressurs distribution over the body wis

determined directly from the pressure coefficient distribu
totsl pressure over the body wos assumed egueld
behind a normal shock wave up to strtion 6.875. sentrople oexpans

over the body behind the shock was assumed in this region. Aft of

Lo the total pressure

ion

Lody



station 12.C it was assumed that the total pressure nad returned Lo the
the body iz

&)

free stream value. 4 ratio of static tc total pressure o

[4s)

sufficient for determination of local Mach number and subsecuent evalua-
ion of local flow conditions over the body. The local flow conditions
where then applied to the Stanton number distribution for final deter-
mination of the heat transfer coefficient as a function of time at the
body stations under concideration. Values of the heat transfer cocelfi-
cient are presented in figures 9 and 10. In evaluating the heat inmts,
a laminar boundary layer was assumed to exist up to body siation 3.0; =z
fully develeoped turbulent layer was assumed aft of bedy station 6.0.
This transition range f2lls within the limits as presented in reference

1, 2, and 3.

Results indicate that the maximun temperature gradient across the Vibrin

¥135 nose cone is approximately 16°F, No arrcreciable sradient wss found
r ™. Py

Jog
[
1
i

( D

1

iation with flight time is presented for each body station studied in

to exist in the metel walls and metal partiticns. W Lemperature
figures 11 through 19. Temperature distributions along the body for
variocus times during the delivery schedule are presented in fig. @ .

The pronounced effect of body construction in the form of & heat sink at

the three major partitions is evident from tho sudden drop in temperature
snd slower rise time in these regicns. The wall thickness at tne parti-
tions was taken a2s 1.0 inch to the insulating ring 2l bedy sintion

875, 0.30 inch to the insulating ring at body staticn
inch to the "O'-rirng at body station 25.5.

-

considered icolsted elementes in the skin,

the thin skin secticns into the heat sink
shovm in fig. 20 is estimated., The exact extent of this interaction
resion 15 unimportant since in this analysis the maximan Lempsroturs
attained in each region is of primary concern. The radome skin

temperature at body staticn O was not calculated since the maximun

temperature tor a blunt body does not cccur at the siagnation point. Tt




is velieved that the maxirmum temperature near the stagnation point cccurs
near body stotion 0.5 in this particular problem. It may be observed
from fig. 20 that the maximum temperature attained at any body station

throughout the flight is 213°F,
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CONCIUSIWLNS

The temperature capabilities of the XHC-903 radome are well in
excess of the 213°F attained during the proposed delivery schedule

of the weapon.

Aerodynamic hezting inputs may be used in conjunction with inpu

generated from internal electronic

les
"y
4
£
o
1
0
(&}
W
"3
"
o
O
]
(¢
L]

temperatures of eritical components in
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.- 77 X Y
B Vv alv; 7’: - Plastic Insulation
. _: t/

Other Materials
are aluminum,

N

|loll Rirlg

Vibrin # 135

St:l. 6.875

—

Note: Section views Of Sta. 0.5, 1.0, and 3.0 have been
omitted since they consist only of the 0.094 in.

Vibrin # 135.

FIG., 2 - SECTION VIKW AT STA. 6.875
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Other materials
are aluminum.
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Section views of Sta. 12.0 and 21.5 are omitted
since they consist only of the 0.094 in. aluminum.

FIG. 3 - SECTICN “IEW AT STA. 17.5
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