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Text Box
ANNOTATED HEAT TRANSFER PROCESS:
1. AIR CONVECTS INTO TUFI COATING
2. AIR RADIATES INTO TUFI COATING
3. TUFI COATING CONDUCTS INTO AETB
4. AETB MATERIAL BEHAVES AS A THERMAL MASS
5. AETB MATERIAL CONDUCTS INTO STAINLESS STEEL UNDERNEATH
5. TEMP OF STAINLESS STEEL SURFACE OF ROCKET TO BE MEASURED OVER TIME. WILL BEHAVE AS A THERMAL MASS
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DIMENSIONS OBTAINED FROM SOURCE 4
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Problem Setup - Assign Variables

A = 0.026 m2          σ = 0.0000000567 
W

m2 * K4
          hint = 10 

W

m2 * K
          εint = 0.8

Tint = 300 K          Tsurf = 500 K          LTUFI = 0.002 m          kTUFI = 1.5 
W

m * K
          LAETB = 0.025 m

kAETB = 0.24 
W

m * K
          RTUFI = 

LTUFI

kTUFI * A
 = 0.0513 

K

W
          RAETB = 

LAETB

kAETB * A
 = 4.006 

K

W

Rcond = RTUFI + RAETB = 4.058 
K

W
          hext = 5000 

W

m2 * K
          Tinf = 2000 K          εext = 0.9

c = 500 
J

kg * K
          m = 0.624 kg

Part 1 - Steady-State Temperature

Tsurf - Ts

Rcond
 = hint * A * Ts - Tint  + εint * σ * A * Ts

4 - Tint
4

Ts = 371.724 K

To determine the steady-state temperature of the steel chassis, the energy balance was set to zero 
under the assumption that the heat entering from the insulation equals the heat leaving through the 
interior surface. The conduction into the steel was modeled through the TUFI and AETB layers using 
their combined thermal resistance, while the steel lost heat to the rocket interior through convection 
and radiation. Solving the nonlinear energy balance equation yielded a steady-state chassis 
temperature of approximately 371.7 K. This result reflects the point at which incoming and outgoing 
energy are balanced, and the steel no longer experiences a change in temperature.



Part 2 - Initial Rate of Temperature Change

Ts0 = 300 K          Qin = 
Tsurf - Ts0

Rcond
 = 49.289 W

dTs,dt = 
Qin

m * c
 = 0.158 

K

s

The initial rate of temperature change of the steel chassis was found by evaluating the transient 
energy balance at time t=0, assuming the steel starts at 300 K and the interface with the insulation is 
at 500 K. At this early moment, no heat is lost to the interior because the steel and cabin air are at the 
same temperature. The rate of change was calculated using the expression (T_surf - T_s)/(R_cond * 
m * c), which yielded a result of 0.158 K/s. This value indicates how quickly the steel begins to heat up 
when reentry heating first starts, before any significant heat loss occurs.

Part 3 - Biot Number

ksteel = 15 
W

m * K
          Lc = 0.003 m          Bi = 

hint * Lc

ksteel
 = 0.002

The Biot number was calculated to assess whether the lumped capacitance model could be applied 
to the steel chassis. Using the convective heat transfer coefficient on the interior side of the steel 
(h=10 W/m^2*K), the steel thickness as the characteristic length, and a thermal conductivity of 15 
W/m·K for stainless steel, the Biot number was found to be 0.002. Since this value is much less than 
0.1, it indicates that temperature gradients within the steel are negligible. Therefore, the lumped 
capacitance model is valid in this scenario, and the assumption of a uniform internal temperature is 
justified.
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