PROBLEM 11.10

KNOWN: Heat exchanger with two shell passes and eight tube passes having an area 925m2; 45,500
kg/h water is heated from 80°C to 150°C; hot exhaust gases enter at 350°C and exit at 175°C.

FIND: Overall heat transfer coefficient.
SCHEMATIC:
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ASSUMPTIONS: (1) Negligible losses to surroundings, (2) Constant properties, (3) Exhaust gas
properties are approximated as those of atmospheric air.

PROPERTIES: Table A-6, Water (T, =(80+150)°C/2=388K): c. = ¢, ¢ = 4236 J/kgK.

ANALYSIS: Since this is a shell-and-tube heat exchanger, we will use the € - NTU method, for

which

_ 45,500 kg/h
3600 s/h

q=Ce(Te o —Te ;) =535 x 10* WK (150-80)°C =3.75 x 10° W

x 4236 J/kg-K =535 % 10* w/K

Ce =mec

Then we can find C, from an energy balance on the hot stream,
Ch = a(Thj ~ Tho) =3.75 x 105 W/(350-175)°C = 2.14 x 10* W/K

Thus
C; = Cpin/Cumax = 0.40

&= @/Cryin (Tp; — Te.i) = 3.75 x 10% W/2.14 x 10% W/K (350-80)°C = 0.648

From Egs. 11.31b and ¢, withn =2,
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From Eqgs. 11.30c and 11.30b,
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(NTU), = (1 + c2)1/2 1{5} =0.637
E+1

and from Eq. 11.31d,
NTU =n(NTU), = 1.27

Therefore,
U =NTU % Cpi/A = 1.27 x 2.14 x 10* W/K/(925 m?) = 29.5 W/m*K <

COMMENTS: Compare the above result with representative values for air-water exchangers, as
given in Table 11.2.



