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The stagnation temper ture and temperature rise of he X1.:C-903 radome at
nine stations along t e body have been computed on he REAC. Results
were obtained from the solution of the heat balance equations for heat
inputs generated duri g external carriage of the 'e icon through the
proposed delivery schedule. The analysis shows t'nat the XNC-903 radcme
is capable of withst - ding the imposed thermal envtonment.
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• SUI-ZIARY

The results of an analytical investigatiDn of the effects of aerodynamic

heating on the XMC-903 radome (fig. 1) are presented. The analysi3

shows that the maKimilm radome temperature attained during the proposd

external carriage of the weapon is 213 °F which is well within the tem-

perature limitations of all structural materials used in the. radome

design. It is concluded that the C-903 radome is thermally compatible

with the intended flight plan and resulting thermal environment.
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INTRODUCTION

The stagnation temperature and temperature rise at, nine stations ovr

the forward portion of the XMC-903 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 altitude

and speed is defined by MC-903 Environmental Criterion, Ref. Sym:

1222-(56) as follows: 500 nautical mile cruise at 0.95 Mach starting at

40,000 feet and ending at 50,000 feet followed by a 127 nautical mile

"acceleration 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 profile is pre-

sented later in the form of altitude and Mach number as a function of

time for calculation of instantaneous heat inputs. The specific

analysis includes determination of the radome skin temperatures at four

stations on the Vibrin -/135 nose, at the three partitions containinr

"0" rings and "insulation rings" and at two intermediate stations on the

thin metal wall structure. Section views of the three partitions are

shown in figures 2, 3 and 4. The analysis also includes a study of the

temperature distribution over the body at various times durinz the

flight.

The purpose of this report is to determine the maximum temperature

attained on the =-903 radome during external carriage through the

weapon's proposed delivery schedule.
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STeiBOLS

BTU 
c 	 Specific heat , Lb-°R

P is 	Poo
C 	 Pressure coefficient, 	

0.7 PAMoo oo

BTU h 	 Heat transfer coefficient,
Ft

2
-Sec-°R

Thermal conductivity, BTU-Ft2
Ft -Sec-°R

M 	 Free stream Mach number
00

M
5 	

Mach number at outer edge of boundary 1— r

`1ST 	 Stanton number, 
„„vc , (based on local air propertie)

P 	 Pressure at outer edge of boundary layer, 
Lb2
Ft

LbPoo Free stream pressure, 7
Ft

Recovery factor, 0.85 for laminar B.L. and 0.90 for turbulent B.L.

T
aw 	

Recovery temperature, °R, law = T 5 (1 + 2 R)

T 	 Temperature at outer edge of boundary layer, °R

T
o 	

Stagnation temperature, °R

TS 	Temperature of skin material, °R

V
b 	

Velocity at outer edge of boundary layer, Ft/Sec

x 	 Radial distance, feet
2

P 	 Time, seconds

Lb

.7(k Ft
Therr..al diffusivity, --- 	 (based on skin maLerial properties)Pc' -- Sec

Density,
Ft'
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The analysis is subject to the following assumptions:

1. Radiation from the outer skin is negligible

2. There is no longitudinal conduction of heat in the radome

outer skin.

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

The assumptions listed here are conservative. The combined effect of

these assumptions will result in theoretical skin temperatures higher

than those actually attained during external carriage of the radcme.

The general heat balance ec'uations at a point on the radome may be

expressed as

aT _ a2T
88 - ax2

with the initial condition (explained below):

. =
(x,0) 	 aw

and the boundary conditions:

-k  cx
41 1 = h(g) T aw (8)- T s (Pj]

x = outer surface

x - inner surface

The initial 500 nautical mile cruise at Mach 0.95 between 40,000 and

50,000 feet recluires 55 minutes dur -ing which time the boundary layer

recovery temperature is constant. Since essentially no heating takes

place during this cruise, the cruise time is used only to establish the

radome wall temperature equal to the boundary layer rcovery

• 71477:11r9TROTTWP,TP"Mr...f5M.1“Trrnwipm

.Arnstr. •

(2)

(3)
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DISCUSSION

The XMC-903 radome is subjected to external carriage in the Mach range

from 1.0 to 2.0 for a period of nine minutes followed by a ten minute

period at Mach 2.0 during the proposed delivery schedule for the weapon.

As the result of aerodynamic shape, materials, and construction used in

the design of the radome, different temperature-time response curves are

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

used in the radome construction have temperature capabilities of apTroxi-

mately 600°F, it is desirable to know the maximum temperature of the

materials attained as a result of the imposed thermal environment. The

imposed thermal environment was derived from the proposed flight program

which is shown graphically in the form of Mach miber and altitude as a

function of time in figure 5. Since no heating takes place during the

first 55 minutes of the flight due to the low each number and high

altitude, this portion of the flight was used only to establish initial

skin temperatures equal to the boundary layer recovery temperture.

Heat inputs were derived for the remaining 19 minutes of the proposed

delivery schedule. The stagnation temperature and bounth,ry layer

recovery temperatures resulting from the flight profile for t'r:e laminar

and turbulent boundary layers are shown in fi gure 6. In order to

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

ficient, distribution over the body was determined from local flow condi-

tions at each body station in o7.1estion. Pressure coefficient distribu-

tion (fig. 7) and Stanton number distribution (fi77. s) over the body

- ;ere obtained from references 1, 2, 3, and from unpublished Sandia wind

tunnel test results for similarly shaped bodics and appropriate flig; ht

conditions. The local static pressure distribution over the holy was

determined directly from the pressure coefficient distribution while the

total pressure over the body was assurnd equal to the total ore sure

behind a normal shock wave on to st::ition 6.S75. Isontropic expansion

over the body behind the shock was assumed in this re ;ion. i:ft of body
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station 12.0 it was assumed that the total pressure had returned to the

free stream value. A ratio of static to total pressure on the body is

sufficient for determination of local Mach number and subsequent evalua-

tion 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 consideration. Values of the heat transfer coeffi-

cient are presented in figures 9 and 10. In evaluating the heat inpits,

a laminar boundary layer was assumed to exist up to body station 3.0; a

fully developed turbulent layer was assumed aft of body station 6.0.

This transition range falls within the limits as presented in reference

1, 2, and 3.

Results indicate that the maximum temperature gradient across the Vibrin

#135 nose cone is approximately 16°F. No appreciable gradient was found

to exist in the metal walls and metal partitions. Wall temperature

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

figures 11 through 19. Temperature distributions along the body for

various times during the delivery schedule are presented in fig.

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

the three major partitions is evident from the sudden drop in temerature

,_ind slower rise time in these regions. The wall thickness at the parti-

tions was taken as 1.G inch to the insulating rinr av body

6.875, 0.30 inch to the insulating ring at body station 17.5 and 0.90

inch to the "0"-ring at body station 25.5. Since the body st.is, - nr were

considered isolated elements in the skin, the temerat11 -1-e gr.:k.ient from

the thin skin sections into the heat sink is not known and the value

shown in fiT,. 20 is estimated. The exact extent of this interaction

re ion is unimportant since in t his analysis the maximum temper%ture

attained in each region is of primary concern. The radome skin

temperature at body station 0 was not calculated since the maximum

temperature for a blunt body does not occur at the stsb:n•tion
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is believed that the maximum temperature near the stagnation point occurs

near body station 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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CONCLUSIOS

The temperat,ure capabilities of the XMC-903 radorne are well in

excess of the 213°F attained during the proposed delivery schedule

of the weapon.

2. Aerodynamic heating inputs may be used in conjunction with inputs

generated from internal electronic sources in determining ..nal

temperatures of critical components in the XI:C-903 radome.
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