PROBLEM 3.24

KNOWN: Representative dimensions and thermal conductivitiesfor the layers of fire-fighter’s
protective clothing, aturnout coat.

FIND: (@) Thermal circuit representing the turnout coat; tabul ate thermal resistances of the layers
and processes; and (b) For a prescribed radiant heat flux on the fire-side surface and temperature of

T; = 60°C at the inner surface, calculate the fire-side surface temperature, T,
SCHEMATIC:

Shell Moisture barrier Thermal liner

T = 66°C

(th
Qrag = 0.25 W/cm?2

Li(mm) 0.8 1.0 055 1.0 35
ki (W/m-K) 0.047 0.012 0.038

ASSUMPTIONS: (1) Steady-state conditions, (2) One-dimensional conduction through the layers,
(3) Heat is transferred by conduction and radiation exchange across the stagnant air gaps, (3) Constant
properties.

PROPERTIES: Table A-4, Air (470K, 1 atm): kgp = keg = 0.0387 W/m-K.

ANALYSIS: (@) Thethermal circuit is shown with |abels for the temperatures and thermal
resistances.
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The conduction thermal resistances have theform Rgg =L /k while the radiation thermal
resistances across the air gaps have the form

" 1 1
R rad = = 3
hrad 4o Tag

The linearized radiation coefficient follows from Egs. 1.8 and 1.9 with &€ = 1 where Tog represents
the average temperature of the surfaces comprising the gap

hrad = a(T1+T2)(T12 +T22) ~ 40T
For the radiation thermal resistances tabulated below, we used Tavg=470K.

Continued ...



PROBLEM 3.24 (Cont.)

Shell Air gap Barrier Airgap  Liner Total
() (a-b) (mb) (c-d) (t) (tot)
Rgd(mz.K/w) 001702 00222 0.04583 00222 00921 -
R'r'ad(mz-K/W) - 0.04246 - 004246 - -
Rgp (m” K /W) - 00146 - 00146 - -
Rl - - - - . 0.1842

From the thermal circuit, the resistance across the gap for the conduction and radiation processesis
1 1 1
+

"

gap R,c,:d ,fad

and the total thermal resistance of the turn coat is
Riot =Red,s + Rgap,a-b + Red,mb + Rgap,c—d + Red, t

(b) If the heat flux through the coat is 0.25 W/cmz, the fire-side surface temperature T, can be
calculated from the rate equation written in terms of the overall thermal resistance.

c1"=(T0_Ti )/R,t,ot
2 (102 2 2
To = 66°C+0.25 W/cm ><(10 cm/m) x0.1842 m2 - K /W

T, =526°C <

COMMENTS: (1) From the tabulated results, note that the thermal resistance of the moisture barrier
(mb) isnearly 3 times larger than that for the shell or air gap layers. The thermal liner has the greatest
thermal resistance. (2) The air gap conduction and radiation resistances were cal culated based upon

the average temperature of 570 K. This value was determined by setting Tayg = (To + Tj)/2 and
solving the equation set using IHT with Kgjr = Kair (Tavg)-



