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Temperature Histories of Internally Heated 
Thin Bodies Cooled by Convection andjor 

Thermal Radiation 
The heat generated in bodies situated near nuclear reac­

tors due to gamma radiation is often dissipated simul­
taneously by convection and thermal radiation heat trans­
fer. This applies to many components of nuclear devices 
operating in the atmosphere or space, such as nuclear ram­
jets, rockets, and power systems. Presented here are ana­
lytic solutions for temperature transients in "thin body" 
components due to the combined action of known heat 
generation and cooling (or heating) by convection and/or 
thermal radiation. A "thin body" has no temperature or 
heat source strength variations throughout its volume. 
In practice, a body of high thermal conductivity and small 
thickness along any heat flow direction may often be con­
sidered a "thin body," e.g., thin-walled plates, tubes and 
shells cooled at the interior and/or exterior surfaces. 

The rate of temperature rise with time, dT /dt, in a thin 
body of volume V, density p, and specific heat cis a function 
of (1) the heat generation rate per unit volume Q, (2) the 
internal and external convective cooling over areas A; and 
A. with heat conductances h; and he to sink temperatures 
T; and T. (e.g., a tube with an internal cooling fluid subject 
also to external aerodynamic cooling), and (3) the thermal 
radiation cooling over area A, (with view factor F, emissiv­
ity<, and Stefan-Boltzmann constant u) to sink temperature 
T, (e.g., to space), as shown in Eq. (1) below (in heat flow 
units, such as Btu/hr): 
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may exist. This is found without integration by putting 
dT/dt = 0 in Eq. (2), i.e., 

X- YTmax- ZTmax.4 = 0 (3) 

Truax is the real positive root of Eq. (3), but its existence 
depends on the time-varying functions in the inputs. For, 
instance, if Q increases with time at a faster rate than the 
other inputs, the temperature rises continually, and no 
maximum is reached. 

Solutions to Eqs. (2) and (3) are given below for several 
cases in which Eq. (2) is separable. Throughout, T 0 is the 
thin body temperature at time zero. 

1. Combined Convection and Thermal Radiation Cooling: 
Constant X, Y, Z 
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b =-vi- v -l + 2v12 + (W/4) 

External Thermal 
convection radiation 

cooling cooling (1) 

Vpc(dT/dt) QV - h; A;(T - T;) - h. A.(T - T.) -FA, u<(T4 - T?) 

Combining the inputs into three positive terms X, Y, and 
Z, Eq. (1) becomes: 

where 

dT 
- = X - YT - Z7'4 

dt 
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Even though, in general, X, Y, and Z are functions of time 
and temperature, a maximum body temperature T max 
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U = Y/Z 

W =X/Z 
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2. Thermal Radiation Cooling Only (F = 0): Constant X, Z where 

2pXt = t(pT) - *(pT0) 

Tmax (equilibrium) = 1/p 
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t(pT) = tanh- 1 (pT) + tan"1 (pT) 

Figure 1 shows curves of the tanh - 1 , and tan"1 functions 
from which the t ime-temperature relation is obtained 
directly. 

3. Convection Cooling Only (Z = 0):* Time-Varying X, Y 

H XI dt 

(if existing) = X/Y 

where 

I — exp J Y dt 

IQ = value of I at t = 0 

If.. Convection Cooling Only (Z 
(Q/pc) with Constant Y, S 

0): Time-Varying Heating 

T = T0e~ 

Tir 

S 
+ - (1 - e-r*) + 

Jo 
Q(t)eYt dt 

FIG. 1. Functions for thin body cooling by thermal 
radiation only. 

(if existing) = (Q(0 + S)/Y 

where 

Q(t) = time-varying (Q/pc) 

S = (h-AiTi + heAeTe)/Vpc 

a. Q(t) = Q/pc = constant 
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FIG. 2. Thin body heating with various simple-step inputs 
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T = T0e~Yt + Nx(l - e~Yt) 

Tmax (equilibrium) = Nx = KQ/Pc) + S]/Y 

b. Q(t) = QJ1 -

T = Toe-** + N«(l - e-*') - [QJ<r°' - e~^)/(Y - «)} 

Tmax (equilibrium) = Nx = (Q„ + S)/Y 

c. Q(t) = 0 + yt(no T max/ 

T = + {[1 _ e-^W(S + p) - y]/F2} + (yt/Y) 

5. No Cooling—Time-Varying Q and Temperature-Varying 
pc 

f pc dT = f 
JTO JO 

Q dt 

Epoxy seals 

Electrical insulation 

The analytical solutions for constant (simple-step) inputs 
were compared in a numerical example. The following 
values were selected (in Btu, °R, f t , and arbitrary time 
uni ts) : 

Q/pc = 200 

(h-AiTi + heAeTe)/VPc = 100 

FArcr e TS/Vpc = 1.25 

Tq = Ti = T e = Tx = 500 

Figure 2 shows the resulting heating curves for: combined 
thermal radiation and convection (1), thermal radiation 
only (2), convection only (4a), and no cooling (5). Any 
finite amount of cooling produces an equilibrium tempera-
ture, which is not exceeded. This example indicates general 
trends only; particular environmental factors will affect 
the relative importance of convective and radiant cooling. 
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An Improved Technique for the Determination 
of Short-Lived Fission-Product Gases* 

A number of improvements have been made in the radio-
chemical technique for determination of short-lived fission 
gases since publication in the August, 1961, issue of Nuclear 
Science and Engineering (1). In the original procedure, re-
lease rates of krypton-89, xenon-137, xenon-140, and xenon-
141 were determined during irradiation of fuel specimens by 
collecting the long-lived decay products of these gases in a 
t rap containing pads of stainless steel mesh. The daughter 
products (strontium-89, cesium-137, barium-lanthanum-
140, and cerium-141) were etched from the pads of mesh and 
analyzed radioehemically. In the improved procedure, the 
daughter products are collected on a charged rod and 
analyzed directly by gamma-ray spectrometry. 

The design of the new t rap is shown in Fig. 1. I t is con-
structed of stainless steel, and all closures are made by 
welding except for the removable assembly at the top of the 
t rap . The gas stream enters the t rap at the bottom, passes 

* Work performed under AEC Contract W-7045-eng-92. 
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FIG. 1. Charged rod daughter t r ap 

over the charged rod, and exits at the top. The rod is J-in. 
stainless steel, and a negative potential of 1000 volts is 
applied to it during operation. Positively charged daughter 
products are collected on the rod as the short-lived fission 
gases decay in passing through the t rap . To remove the 
charged rod for analysis, the cap at the top is unbolted, the 
electrical connection is broken at the banana plug, and the 
insulated plug through which the electrical lead passes is 
unscrewed and lifted out. 

Radiochemical a n a l y s t of the solid daughter products 
are greatly simplified/#ith the improved trapping system. 
This is due to the possibilities of more rapid removal of the 
t rap from the system and of performing gamma-ray spec-
trometry directly on portions of the collecting rod. Only 
10 to 15 min are required to remove the collecting rod from 
the t rap and to cut it into 1-in. long sections which can be 
assayed in a gamma-scintillation well-crystal spectrometer. 
This permits the analyses to be performed on shorter-lived 
daughter products (such as 14.9-min rubidium-89), thus 
increasing the number of short-lived gases that can be 
determined. The costs of analysis are also considerably 
reduced, since radiochemical separations are not required 
when gamma-ray pulse height analysis combined with 
resolution of decay curves can provide the necessary data. 

Currently, release rates are being determined for the 




