PROBLEM 3.39

KNOWN: Wall thickness and diameter of stainless steel tube. Indeswer fluid temperatures
and convection coefficients.

FIND: (a) Heat gain per unit length of tube, (b) Effect of adding emd0thick layer of insulation to
outer surface of tube.

SCHEMATIC:
r3 =30 mm
ro =20 mm V\V\ Too, R‘cond,ss R’cond,ins Too
ry =18 mm Topo = 23°C —— AN AANAANNAAAAS
ho =6 Wim?-K q R,c:onv,i R,00”V1°

Pharmaceutical
Tw,i = 6°C Insulation
hi = 400 W/m2-K Kins = 0.05 W/m-K

ASSUMPTIONS: (1) Steady-state conditions, (2) One-dimensional radiadlection, (3) Constant
properties, (4) Negligible contact resistance betwees d&mdl insulation, (5) Negligible effect of
radiation.

PROPERTIES: Table A-1, St. St. 304 (~280K): &= 14.4 W/nfK.
ANALYSIS: (a) Without the insulation, the total thermal resistanceipi length is
In(ro/r
iy ;f&t') i,
Rioq = 1 . In(20/19 | 1
21(0.018n) 400 W/rAC K 271(14.4 W/nTK)  z( 0.020)n 6 /AT K

Rtot = Reonv,it Reond,stt R conv,&

R’tot:(0.0Zle- 1.16 10° + 1.:)3 M K/W 1.35@ K/W

The heat gain per unit length is then
Too 0~ Too j 23-6)°C
q=—"2 wi_ (2379°C _ 1 6 wim <
RtOt 1.35mIK/W

(b) With the insulation, the total resistance per unit lemgnow Ry = Reony.i+ Reond.sttReond,ins

+Reonv,00 WhereR¢qy i and Regng sifémain the same. The thermal resistance of the insulation is

In(r3/rp) _ In(30/20)

= =1.29 mK/W
2rikins ~ 27(0.05 W/ K

[ ) —_
Rcond,lns—

and the outer convection resistance is now
1 1

2mishy  277(0.03m) 6 W/nf 0K

Reonv,0= =0.88 mK/W

The total resistance is now
R'tot=(0.0221l- 1.1& 103+ 1.29 0.%8 m K/W 2.20h K/W
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PROBLEM 3.39 (Cont.)

and the heat gain per unit length is

_Too,o_Too,i _ 17°C

= = =7.7W/m
Riot 2.20 MK /W

COMMENTS: (1) The validity of assuming negligible radiation may be ssexfor the worst case
condition corresponding to the bare tube. Assuming a tulee surface temperature of ¥ Te, j =
279K, large surroundings atgr = T 0 = 296K, and an emissivity af= 0.7, the heat gain due to net

radiation exchange with the surroundingsjigy = sa(2nr2)(T§ur— Ti) =7.7 W/m. Hence, the net

rate of heat transfer by radiation to the tube surface is qalmpzao that by convection, and the
assumption of negligible radiation is inappropriate.

(2) If heat transfer from the air is by natural convectioa Mélue of i with the insulation would
actually be less than the value for the bare tube, therettwefueducing the heat gain. Use of the
insulation would also increase the outer surface temperdhareby reducing net radiation transfer
from the surroundings.

(3) The critical radius isf = kindh =8 mm < p. Hence, as indicated by the calculations, heat
transfer is reduced by the insulation.



PROBLEM 3.40

KNOWN: Diameter, wall thickness and thermal conductivity of sidet$. Temperature of steam
flowing through the tubes. Thermal conductivity of inswiatand emissivity of aluminum sheath.
Temperature of ambient air and surroundings. Convectidfigiert at outer surface and maximum

allowable surface temperature.

FIND: (a) Minimum required insulation thickness (r3 — r2) and cpmeging heat loss per unit
length, (b) Effect of insulation thickness on outer surfaceperature and heat loss.

SCHEMATIC:
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r3 Ts,0 < 50°C o 58

rp = 180 mm € =0.20 Tsur=27°C 85
r{ =150 mm

Steam ; T = 27°C

Ambient @®,0

T(D,i =575°C \\ hO =6 W/mz_K

Steel Insulation

kstt = 35 W/m-K kin = 0.10 W/m-K

ASSUMPTIONS: (1) Steady-state, (2) One-dimensional radial conduct®)n\egligible contact

resistances at the material interfaces, (4) Negligiblnstide convection resistance,(l= Ts i), (5)
Negligible conduction resistance for aluminum sheathC¢#)stant properties, (7) Large
surroundings.

ANALYSIS: (a) To determine the insulation thickness, an energy balamsteba performed at the
outer surface, wherg' = dgony o+ drag: With deony o= 27Trh 0( Ts.o T () , Orad = 27Tr3 €0

4 4 , ' / '
(Ts,o_Tsur)* q= (TS,i_TS,()/(R cond,st R cond,i)|s R condsf n( r /Q) 2tk @nd Reong,ins

= (r3/1y) 1 2k, it follows that

n(Tsi-Tso) e
én(r2/r1)+€n(r3/r2) =23 E"o(Ts,o Too ,()+£0(T45’0 T su}j

kst k ins

2 (848- 323 K }
ul I = 2m EW/mZ Kk (323- 300 K+ 0.20¢ 5.6% 10 W/fmO 4K( 3%3- 36‘9 ‘E
mn(0.18/019 n(r/0.18)
+

3BW/mOK 010 W /miK
A trial-and-error solution yieldg= 0.394 m = 394 mm, in which case the insulation thickness is

<

ting =r3—ro=214mm
The heat rate is then

, 2mm(848- 323 K
q = = 420W/m <
(n(0.18/0.1§ ¢ { 0.394/0.38
35W/mK  0.10W/niK

(b) The effects ofyon Ts gand g’ have been computed and are shown below.

Conditioned .....



PROBLEM 3.40 (Cont.)
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Beyond g = 0.40m, there are rapidly diminishing benefits associatddimcreasing the insulation

thickness.

COMMENTS: Note that the thermal resistance of the insulation is mucérlérgn that for the tube
wall. For the conditions of Part (a), the radiation coedfitis h = 1.37 W/m, and the heat loss by
radiation is less than 25% of that due to natural convegtipp = 78 W /m, dgony. o= 342 W/ m) .
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