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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). 9
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FIGURE 11-2

A gas-to-liquid compact heat
exchanger for a residential air-
conditioning systet.
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Nozzles attached
to end frames allow
for entrance and exit

of fluids.

A plate'and'frame Plates supported by
an upper guide har are

liquid-to-liquid heat e aime wiich

is bolied together.

eXChanger- Portholes and gaskets

allow fluids to flow
in alternate channels

Tightening bolt.

Special gaskets on end
plates prevent fluids from arc arranged The lower rectangular guide bar
contacting the frames. A gaskel mounted on altemately assures absolute plate alignment

each plate seals the channel preventing lateral movement.
between it and the next plate.

A and B plates
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Representative values of the overall heat transfer coefficients in

heat exchangers

Type of heat exchanger U, W/m2 - °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) 30-607
400-850"
Steam-to-air in finned tubes (steam in tubes) 30-300!
400-4000*

Fouling factor

—— Cold fluid

Outer layer of fouling
~Tube wall

— Inner layer of fouling

[RVI Ly JLYWTII)

Hot _

fluid Cold fluid

Hot F:

fluid | ~ i

- A= LS O Precipitation fouling of ash particles

i \ on superheater tubes.

1 1 1 _ 1 R mD,/D) R

UA. UA, U,A, A = A Dkl A,  hA
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Representative fouling
factors (thermal resistance due
to fouling for a unit surface area)

Cold fluid (Source: Tubular Exchange Manufacturers
~—— Cold fluic

Association.}
"" Outer layer of fouling Fluid R,, m2 . °C/W

i =1 —Tube wall Distilled water, sea

water, river water,
boiler feedwater:

Fouling factor

~— Inner layer of fouling

fluid Cold fluid Below 50°C 0.0001
} Abave 50°C 0.0002
Hot Fuel oil . 0.0009
fluid | —7 Steam (oil-free) 0.0001
)] =7 T () . Refrigerants (liquid) 0.0002
! \ | Refrigerants (vapor) 0.0004
Alcohol vapors 0.0001
Air 0.0004
_— 1 | L g Ry L InD,/Dy) R i ]
UA. U4 A, WA~ A Dok A. " T,
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Effectiveness relations for heat exchangers: NTU = UA/Ciin and ¢ = Cuin/CGrax =

(m C,o) mi n"{{ m cp}max

Heat exchanger type

Effectiveness relation

1 Double pipe:

Parallel-flow

Counter-flow

2 Shell-and-tube:
One-shell pass
2, 4,...tube
passes

3 Cross-flow
(single-pass)
Both fluids unmixed

Cinax Mixed,
Cinin Unmixed

Cinin Mixed,
Crax Unmixed

4 All heat exchangers
with c = 0

_ 1 —exp[-NTU(l + ¢)]
l+ec
1 —exp[—NTU(1l — ¢)]
g

e

"7 1— cexp [-NTU(1 — ¢)]

1+ exp [-NTUV1 + ¢?]

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

1 —exp [-NTUV1 + ¢

022

{NTU
e=1—exp =

—

e=—1—exp{—cll —exp (=NTUI}H

o]

e =

1 — exp(—NTU)

e =

1 —exp {——g{l —exp (—c NTU)]
(e.g., boiler, condenser)

[exp (—c NTU®78) — 1]}

Number of transfer units NTU = A LVC

min

() Parallel-flow

Number of transfer units NTU = A, L/C

() Counter-flow
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Efttectiveness of heat exchangers
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Effectiveness £, %

Effectiveness of heat exchangers
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Number of transfer units NTU = A LVC Number of transfer units NTU = A U/C
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Exercise 1: A double-pipe parallel-flow heat exchanger is to heat

water (¢, = 4180 J/kg - °C) from 25°C to 60°C at a rate of
0.2 kg/s. The heating is to be accomplished by geothermal wa-
ter (¢, = 4310 J/kg - °C) available at 140°C at a mass flow rate
of 0.3 kg/s. The inner tube is thin-walled and has a diameter of
0.8 cm. If the overall heat transfer coefficient of the heat
exchanger is 550 W/m? - °C, determine the length of the tube
required to achieve the desired heating.

Exercise2: A (est is conducted to determine the overall heat trans-
fer coefficient in a shell-and-tube oil-to-water heat exchanger
that has 24 tubes of internal diameter 1.2 cm and length 2 m
in a single shell. Cold water (¢, = 4180 J/kg - °C) enters the
tubes at 20°C at a rate of 3 kg/s and leaves at 55°C. Oil
(¢, = 2150 J/kg - °C) flows through the shell and is cooled
from 120°C to 45°C. Determine the overall heat transfer coef-
ficient U; of this heat exchanger based on the inner surface area
of the tubes. Answer: 8.31 kW/m2 - °C
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Exercise 3: A thin-walled double-pipe parallel-flow heat ex-
changer is used to heat a chemical whose specific heat is
1800 J/kg - °C with hot water (¢, = 4180 J/kg - °C). The chem-
ical enters at 20°C at a rate of 3 kg/s, while the water enters at
110°C at a rate of 2 kg/s. The heat lransl’er surface area
of the heat exchanger is 7 m? and the overall hea ansfer coe >l‘—

¢ ter

Finiant io 19NN W /a2 . F Natarina ~ el
HCICIIU IS 120U vy /il C. vetermine tne outie

—'
=
<
ﬂv
,..
')
w
"J

the chemical and the water.

Chemical
l —

—@® — i) —
20°C |,J == |
3 kgfs Hot water
1 110°C
2 kg/s
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Any Question?
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