PROBLEM 8.41

KNOWN: Duct diameter and length. Thermal conductivity of insulation. Gas inlet temperature and
velocity and minimum allowable outlet temperature. Temperature and velocity of air in cross flow.

FIND: Minimum allowable insulation thickness.

SCHEMATIC: A
' Ambient \\ V=15mis :
Insulation air - Tp=250K
Do, Kins = 0.125 W/im-K e ’ Tmo2 1400 K
Combustion { O Co
gases 3 T
Um,i= 10 m/s ‘ A
Tmi=1600K - “g——— L=100m ,

ASSUMPTIONS: (1) Negligible potential and kinetic energy and flow work changes for gas flow
through duct, (2) Fully developed flow throughout duct, (3) Negligible duct wall conduction
resistance, (4) Negligible effect of insulation thickness on outer convection coefficient and thermal
resistance, (5) Properties of gas may be approximated as those of air. '
PROPERTIES: 7Table A-4, air (p = 1 atm). Tp; = 1600K: (p; =0.218 kg/m3). T = (Tm,i +Tm,0)/2
= 1500K: (p =0.232 ke/m’, cp = 1230 Ikg K, p1= 557 x 10" N-s/m?, k = 0.100 W/mK, Pr = 0.685).
T¢= 300K (assumed): v = 15.89 x 10°° m’/s, k = 0.0263 W/m K, Pr = 0.707.
ANALYSIS: From Egs. (8.46a) and (3.19),
T°° —T — O P
- mo - 1150K =0.852 =exp| - I_JAS =exp| ~——— '

Hence, with 1 = (pupA, ), =0218kg/m’ x10m/sx (im) /4 =1.712kg/s,

Ryop =—[ ey In (0852)] "' = _[1.712kg/sx1230] /kg - K x(~0.160)] ! =2.96x10° K/ W

The total thermal resistance is .

| | | 1 In(Dgy/Dj a4
Riot =Reonv,i +Rcond,ins +Rconv,0 = (hjzDiL) "+ 'LO_*Q +(honDoL) ¢))
2rkins L

With Repy ; = 4m/aDju = (4><1.712kg/s)l(7t x1mx557x1077 N 's/mz) =39,130, the Dittus-Boelter :
- ' : L__j Sholauts may V€ aluucdie
. , mm; €, Colbom e+,
Wasole oy T Glmei 'y covelay
k , 0.100W/m-K . s
h =(B)O.O23Re4D’ Sp/3 =(-——1—-3'— )0.023(39,130)4’ 5(0.685)/3 =957W/m? K |
. m .

" correlation yields

W Yo Salwhon
Pesse [aleviaie

The internal resistance is then )
W, qc,fb.j Aese olews-

Yive cowelagion

| B |
Reony,i = (h#DiL) " = (9.57Wlm2-Kx1t xlmxloom) =3.33x1074K/W

With Rep = VDy/v = 15 m/s x 1Im/15.89 x 10°° m’/s = 9.44 x 10°, the Churchill-Bemstein correlation
yields
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PROBLEM 8.41 (Cont.)

0.62Rel/2 prl/3 e /8 415
hy =| — K0.3+ D 14| —D_ -30.9W/m?-K
D 53774 | 282,000
|:1+(O.4/Pr) ]

-1
Reonv.o = (RomDiL) ' = (30.9W/m2 Kxr xlmxlOOm) —1.03x1074 K/ W

Hence, from Eq. (1)

In(D,, /D;
In(Do/Di) ‘)=(2.96><10“3—3.33x10“4—1.03x10‘4)1</w=2.52><10‘3K/W
2 kins L

mns

D, =D; exp(2n‘k- Lx2.52x107 K/W):lmxexp(1.58x10‘2 K/WxO.lZSW/m-leOOm):1.22m

Hence, the minimum insulation thickness is

tmin=(D0—Di)/2=O.llm <
COMMENTS: With D, = 1.22m, use of Dj = 1m to evaluate the outer convection coefficient and
thermal resistance is a reasonable approximation. However, improved accuracy may be obtained by
using the calculated value of D, to determine conditions at the outer surface and iterating on the

solution.
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