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Heat Exchanger Design
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The schematic of a shell-and-tube heat exchanger (one-shell pass and one-tube pass).
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Nozzles attached
10 end frames allow
for entrance and exit

of fluids.

A plate'and'fra me Plates supported by

an upper guide bar are

liquid-to-liquid heat hed in  frame which

is bolted together.

eXChan ger- Portholes and gaskets

allow fluids to flow
in alternate channels.
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Special gaskets on end
plates prevent fluids from
contacting the frames. A gasket mounted on

A and B plates
are arranged

alternately.
each plate seals the channel ¥ preventing lateral movement.

between it and the next plate. 1 2

The lower rectangular guide bar
assures absolute plate alignment
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/\ The two heat transfer surface areas
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Representative values of the overall heat transfer coefficients in
heat exchangers

Type of heat exchanger U, Wim2 - °C*
Water-to-water 850-1700
Water-to-oil 100-350
Water-to-gasoline or kerosene 300-1000
Feedwater heaters 1000-8500
Steam-to-light fuel oil 200-400
Steam-to-heavy fuel oil 50-200
Steam condenser 1000-6000
Freon condenser (water cooled) 300-1000
Ammonia condenser (water cooled) 800-1400
Alcohol condensers (water cooled) 250-700
Gas-to-gas 10-40
Water-to-air in finned tubes (water in tubes) 30-601
400-8501
Steam-to-air in finned tubes (steam in tubes) 30-300!

400-4000*
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(a) One-shell pass and 2. 4. 6, etc. (any multiple of 2), tube passes
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Effectiveness relations for heat exchangers: NTU = UA/Cyin and ¢ = Ciin/ CGrnax =
(m c,an1i|1“"( m cp}max

Heat exchanger type

Effectiveness relation

1 Double pipe:

Parallel-flow e = 1 —exp [-NTU + ¢)]
1+c¢
1 —exp[-NTU(1 — ¢
Counter-flow £ Pl ( )]

2 Shell-and-tube:

One-shell pass
2, 4,...tube
passes

3 Cross-flow

4 All heat exchangers

(single-pass)

Both fluids unmixed
Cinax Mixed,

Crin Unmixed

Crin Mixed,
Cax unmixed

0.22

B {NTU
e=1—exp =

g =1 —exp(—NTU)

e=2{1+c+ V1+c?

T 1— cexp [-NTU(1 — ¢)]

-1

1+ exp [-NTUV1 + ¢7]

1 —exp [-NTUV1 + ¢2]

[exp (—c NTU®78) — 1]}

g %(1 — exp {—c[1 — exp (=NTU)I}

6=1—exp {——3{1 — exp (—¢ NTU}]}

(e.q., boiler, condenser)

withc =0 "
Efttectiveness of heat exchangers
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Effectiveness of heat exchangers
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{d) Two-shell passes and 4, 8, 12, ... tube passes
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Any Question?
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