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Compact heat exchanger cores. (a) Fin—tube (flat tubes, continuous plate fins).

(b) Fin—tube (circular tubes, continuous plate fins). (¢) Fin—tube (circular tubes, circular fins).
(/) Plate—fin (single pass). (¢) Plate—fin (multipass).
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TasLe 11.2  Representative Values of the Overall Heat Transfer Coefficient
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Fluid Combination U (W/m?- K)
Water to water 850-1700
Water to oil 110-350
Steam condenser (water in tubes) 1000-6000
Ammonia condenser (water in tubes) 800-1400
Alcohol condenser (water in tubes) 250-700
Finned-tube heat exchanger (water in tubes, air in cross flow) 25-50
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1. The heat exchanger is insulated from its surroundings, in which case the only heat T
exchange is between the hot and cold fluids.

. Axial conduction along the tubes is negligible.
. Potential and kinetic energy changes are negligible.

. The fluid specific heats are constant. Tt
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. The overall heat transfer coefficient is constant. 1 2
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11.3

Heat Exchanger Effectiveness Relations [5]

@mfboraﬂ—um or TABLE

Flow Arrangemen T Relation
U= % _1-—exp[-NTU(+C)]
Parallel flo 5 = e= 1+cC
3
= 1 — exp[-NTU(1 — C,)]
Counterflo - - = C, <1
I == 1 — C,exp[-NTU(1 — C,)] € <D
® _ NTU _
fT1+NTU G=1
Cr = Cnnn"szx
NTU =4
Cmm

Shell-and-tube

One shell pass (2, 4, . . . tube passes)

n shell passes (2n, 4n, . .

Cross-flow (single pass

Both fiuids unmixed <~ % HWFE =1 - exp

. tube passes)

1 + exp [-(NTU),(1 + €})'?]

el=2‘1+c,+(1+c$)'1x

IS

l*b‘lc,

1_81 1_81

Jianed

*é‘lC,

exp [-(NTU)y(1 + €)'

)n_C’Jl

C.... (mixed), C,,, (unmixed) 'ﬂ \l - (%)

( ) (NTU)"* {exp[-C,(NTU)"™] - 1} |

(1 —exp{—C,[1 —exp(-NTU)]})

Cpp (muxed), C.,
Cmax—26D) £ *All exchangers (C, = 0)

(unmixed) —

=1- exp(—C'I{l —exp[—C,(NTU)]})

ol .
‘ %1 — exp(—NTU)
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Heat exchanger with condensing/evapom
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TABLE 11.4

Heat Exchanger NTU Relations

Flow Arrangement

Parallel flow

Counterflow

Shell-and-tube

One shell pass

(2,4, ... tube passes)

n shell passes
(2n,4n, ..

Cm.u.

et <

. tube passes)

Cross-flow (single pass)

(mixed), C,;, (unmixed)

‘M%)ﬂj}&uﬂ C i (mixed), C,,,, (unmixed)

All exchangers (C, = 0)

Relation

In[1 =&(1 +C,)]

NTU =-— T+C

__ -y (E—=1
(NTU), = —(1 + C3) ln(E+ 1)
_Ue—-(1+C)
(1+chH"”
Use Equations 11.30b and 11.30c with

F—1 F:(SC,-l
B

lin
e . ) NTU = n(NTU),
NTU = — ln[l + (CL) In(1 - ec,)}

NTU = - (Ci) In[C, In(1 — &) + 1]

&=

NTU == In(l — &)

(11.28b)

(11.29b)

(11.30b)

(11.30c)

(11.31b, ¢, d)

(11.33b)

(11.34b)

(11.35b)
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Ficure 11,10 Effectiveness of a parallel-
flow heat exchanger (Equation 11.28).
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FiGure 11.12

NTU

tube heat exx-hang(-r with one shell and any

multiple of two tube passes (two, four, etc.,
tube passes) (Equation 11.30).

FiGUre 11.14
pass, cross-flow heat exchanger with both
fluids unmixed (Equation 11.32).

Effectiveness of a shell-and-
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Ficure 11.11  Effectiveness of a
counterflow heat exchanger (Equation 11.29).
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FiGure 11.13  Effectiveness of a shell-and-
tube heat exchanger with two shell passes and
any multiple of four tube passes (four, eight,

etc., tube passes) (Equation 11.31 withn = 2).
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Ficure 11.15  Effectiveness of a .\jll):h-'-
pass, cross-flow heat exchanger with one fluid
mixed and the other unmixed (Equations

11.33, 11.34).
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