Heat transfer



momentum transfer; result of molecular transfer of momentum
conduction; 1) by molecular interaction, 2) by free electrons
; primarily a molecular phenomenon
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heat conduction in a hollow cylinder

q, = —kAd—T = —k(27er)d—T
dr dr

- 2T -T,)
Inr, /r

o
At

r— m . A1m
g, = KA o

heat conduction in a hollow sphere

_ (A -A)

In(A, 1 A)

At N
qr — kAgm E Agm — A1A2



convection; involves energy exchange between a surface and an adjacent fluid
; forced convection, natural convection
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radiation; no medium is required, depends on temperature
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Overall Heat-Transfer Coefficient

Heat is transfer by a series of conduction and convection mechanisms
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Individual temperature drops
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Overall temperature drops
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Overall coefficients of heat transfer
based on the outside area U,
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Overall coefficients of heat transfer
based on the inside area U.
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Overall coefficients of heat transfer
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Overall coefficients of heat transfer
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Fouling In heat exchanger
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A reflux condenser contains % in. 16-gauge copper tubes
In which cooling water circulates. Hydrocarbon vapors
condense on the exterior surfaces of the tubes. Find the
overall heat-transfer coefficient U,. The inside convective
coefficient can be taken as 4500 W/m?-K, and the
outside coefficient as 1500 W/m?-K.

Approximately fouling coefficients from Table are

Btu/(h)(ft2)(°F)

th = 5700 W/m2 . K Overhead vapors from crude-oil distillation 1000
hdi = 2840 W/m?2-K Water, Great Lakes, over 125°F 500
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Example

h, = 4500W /m?-K, h, =1500W /m?-K
h, =1000x5.678 =5700W /m?-K
h, =500x5.678 =2840W /m?-K

k=380W/m-K , r,=0.015/m , r,=0.0191m
_r,—r,  0.0191-0.0157

LR ooto1r oMM
In = In ———=
1 r 0.0157
Uo:r r Ar-r, 1 1 0.0191
o , o . 0 + = I’O .
hr hr k h, h = =0.00027
B Ml Bl T To 1 h T (4500)(0.0157)
fh _ 0.0191 _ 043
h,r.  (2840)(0.0157)
AT -1, _ (0.00165)(0.0191) — 0.0000047

kr  (380)(0.0175)

L _ 1 _ooo018, 1=_—1 —0.00067
h, 5700 h, 1500
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Example
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~0.00027 +0.00043 +0.0000047 + 0.00018 + 0.00067

Resistance of metal wall is negligible

Fouling Resistance is significant~39%

= =645W /m*-K
0.00155

A =UA
= (645)(0.0191) /((0.0157) = 785W /m?2 - K



