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A-Given data

1-Side (1) and side (2) surfaces (based on Kays 

& London book)

2-All temperatures either given or it can be 

calculated

3-Mass flow rate for both sides

4-Fluids and its properties

5-Allawable pressure drop in both sides 

Δ𝑃𝑚𝑎𝑥,1, Δ𝑃𝑚𝑎𝑥,2

6-Allowable tolerance between Δ𝑃𝑚𝑎𝑥 and 

Δ𝑃𝑎𝑐𝑡 i.e. 𝛿𝑃 = 𝑎𝑏𝑠(Δ𝑃𝑚𝑎𝑥 − Δ𝑃𝑎𝑐𝑡)

B-Objective

Heat exchanger sizing. Find the dimensions of the Heat exchanger: L1, L2, 

and L3 satisfying the heat rate and within the given values of the 

permissible pressure drops

7-Thermal sizing of compact heat exchangers
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C-Solution procedure

Basic idea is to find the heat

exchanger size (i.e. heat exchanger

dimensions L1, L2, and L3) using

trial and error procedure. To start

the iterative process, initial values

for mass velocities G1 and G2 will

be assumed. Then modify these

values in order to satisfy the heat

rate and the maximum allowable

pressure drops in both sides

7-Thermal sizing of compact heat exchangers
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1-Calculate the mean temperature for each side and the appropriate properties such 

as density, specific heat, viscosity, thermal conductivity and Prandtl number

2-Using the mass flow rate and known temperatures, calculate the heat rate q

൯𝑞 = ሶ𝑚𝑐𝐶𝑝𝑐 𝑇𝑐𝑜 − 𝑇𝑐𝑖 = ሶ𝑚ℎ𝐶𝑝ℎ(𝑇ℎ𝑖 − 𝑇ℎ𝑜

3-Calculate the heat capacity rates 𝐶𝑐 = ሶ𝑚𝑐𝐶𝑝𝑐 𝐶ℎ = ሶ𝑚ℎ𝐶𝑝ℎ

also calculate 𝐶𝑚𝑖𝑛 = min 𝐶𝑐 , 𝐶ℎ 𝐶𝑚𝑎𝑥 = max 𝐶𝑐 , 𝐶ℎ
𝐶𝑟 = Τ𝐶𝑚𝑖𝑛 𝐶𝑚𝑎𝑥

4-Calculate the maximum flow rate qmax using )𝑞𝑚𝑎𝑥 = 𝐶𝑚𝑖𝑛(𝑇ℎ𝑖 − 𝑇𝑐𝑖

Also calculate the heat exchanger effectiveness 𝜖 =
𝑞

𝑞𝑚𝑎𝑥

Solution steps

7-Thermal sizing of compact heat exchangers

(9.1)

(9.2)

(9.3)

(9.4)

(9.5)
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5-Using the calculate values of the heat exchanger effectiveness  and mass 

capacity ratio Cr, use the appropriate equation or figure to get NTU

)𝑁𝑇𝑈 = 𝑓(𝜖, 𝐶𝑟 =
𝑈1𝐴1
𝐶𝑚𝑖

=
𝑈2𝐴2
𝐶𝑚𝑖

It is to be noted that there is no direct mathematical expression to find NTU in terms of 

the effectiveness and the heat capacity ratio for crossed unmixed heat exchanger. 

therefore, a trial and error method will be used to find NTU. This is done since the 

effectiveness for this heat exchanger as a function of NTU and Cr is available in heat 

exchanger textbooks.

6a-The overall heat transfer coefficient for the Gas to Gas heat exchanger (while 

neglecting wall thermal resistance and fouling) can be written as

1

𝑈1𝐴1
=

1

ℎ1𝜂01𝐴1
+

1

ℎ2𝜂02𝐴2

where 𝜂01 and 𝜂02 are the overall surface efficiencies for side (1) and side (2). 

Therefore, the fin efficiencies (𝜂𝑓1, 𝜂𝑓2) for both sides must be calculated.

The following definitions will be used. 

𝑁𝑇𝑈 =
𝑈1𝐴1
𝐶𝑚𝑖𝑛

𝑁𝑇𝑈1 =
𝐶1

ℎ1𝜂01𝐴1
𝑁𝑇𝑈2 =

𝐶2
ℎ2𝜂01𝐴2

7-Thermal sizing of compact heat exchangers

(9.6 & 9.7)

(9.8)

(9.9-9.11)
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𝐶𝑚𝑖𝑛

𝑈1𝐴1
=

𝐶𝑚𝑖𝑛

ℎ1𝜂01𝐴1
+

𝐶𝑚𝑖𝑛

ℎ2𝜂02𝐴2

𝐶𝑚𝑖𝑛

𝑈1𝐴1
=

1

𝑁𝑇𝑈
=

1

𝑁𝑇𝑈1( Τ𝐶1 )𝐶𝑚𝑖𝑛
+

1

𝑁𝑇𝑈2 ( Τ𝐶2 )𝐶𝑚𝑖𝑛

1

𝑁𝑇𝑈
= 𝑅 = 𝑅1 + 𝑅2

In terms of thermal resistances

For gas to gas compact heat exchanger, the resistance for each side is

of the same order of magnitude, therefore

𝑅1 ≈ 𝑅2
1

𝑁𝑇𝑈
= 2𝑅1

1

𝑁𝑇𝑈
=

2

𝑁𝑇𝑈1( Τ𝐶1 )𝐶𝑚𝑖𝑛
=

2

𝑁𝑇𝑈2( Τ𝐶2 )𝑐𝑚𝑖𝑛

𝑁𝑇𝑈1 = 2 ∗ 𝑁𝑇𝑈 ∗ ( Τ𝐶𝑚𝑖𝑛 )𝐶1 𝑁𝑇𝑈2 = 2 ∗ 𝑁𝑇𝑈 ∗ ( Τ𝐶𝑚𝑖𝑛 )𝐶2

7-Thermal sizing of compact heat exchangers

or

(9.12,9.13)

(9.14)

(9.15)

(9.16, 9.17)

(9.18)

(9.19-9.20)
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6b-For Liquid to Gas compact heat exchanger

1

𝑁𝑇𝑈
=

1

𝑁𝑇𝑈𝑙( Τ𝐶𝑙 )𝐶𝑚𝑖𝑛
+

1

𝑁𝑇𝑈𝑔( Τ𝐶𝑔 )𝑐𝑚𝑖𝑛

Let the thermal resistance for the gas side to be Rg and that for the liquid 

side to be Rl, and the total thermal resistance for the heat exchanger is 

𝑅 = 𝑅𝑔 + 𝑅𝑙
But it is well known that the thermal resistance for the gas side is higher than the

liquid thermal resistance. It will be assumed that the gas thermal resistance is

one order of magnitude higher than the liquid thermal resistance i.e.

𝑅𝑔 = 10𝑅𝑙

Therefore, the overall heat transfer coefficient from in this case will be

1

𝑁𝑇𝑈
= 10𝑅𝑙 + 𝑅𝑙 = 11𝑅𝑙

or in terms of NTUl can be written as using similar equation to equation

for liquid to gas heat exchanger

7-Thermal sizing of compact heat exchangers

(9.21)

(9.22)

(9.23)

(9.24)
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1

𝑁𝑇𝑈
=

11

𝑁𝑇𝑈𝑙( Τ𝐶𝑙 )𝐶𝑚𝑖𝑛

therefore, the liquid side NTUl can be related to the heat exchanger NTU by

𝑁𝑇𝑈𝑙 = 11 𝑁𝑇𝑈 ∗ ( Τ𝐶𝑚𝑖𝑛 𝐶𝑙)

For the gas side, since gas side resistance is ten times the liquid side resistance i.e.

𝑅𝑔 =
1

𝑁𝑇𝑈𝑔( Τ𝐶𝑔 )𝐶𝑚𝑖𝑛
= 10 𝑅𝑙 = 10

1

11𝑁𝑇𝑈

The NTU for the gas side then

𝑁𝑇𝑈𝑔 =
11

10
𝑁𝑇𝑈 Τ(𝐶𝑚𝑖𝑛 ൯𝐶𝑔 = 1.1 𝑁𝑇𝑈 Τ(𝐶𝑚𝑖𝑛 ൯𝐶𝑔

7-Thermal sizing of compact heat exchangers

(9.25, 9.26)

(9.27)

(9.28)

(9.29)
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7-The major pressure drop for side (1) is given by

Δ𝑝1 = 4 𝑓𝑐 1

𝐿𝑝1
𝐷ℎ1

1

2
𝜌1𝑉1

2 = 4 𝑓𝑐 1

𝐿𝑝1
𝐷ℎ1

𝐺1
2

2𝜌1

The hydraulic diameter can be written as

𝐷ℎ1 =
4𝐴𝑓𝑓1

𝑃
∗
𝐿𝑝1
𝐿𝑝1

=
4𝐴𝑓𝑓1𝐿𝑝1

𝐴1

where Lp1 is the length of the heat exchanger in the direction of side (1) flow.

The following relation can be found from the above equation

𝐿𝑝1
𝐷ℎ1

=
𝐴1

4𝐴𝑓𝑓1

Therefore, the pressure drop for side (1) flow (i.e. Eq. 9.30 ) will be

Δ𝑝1 = 4 𝑓𝑐 1

𝐴1
4𝐴𝑓𝑓1

𝐺1
2

2𝜌1

7-Thermal sizing of compact heat exchangers

(9.30)

(9.31)

(9.32)

(9.33)

(fc) is the friction coefficient
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From the above relation, the mass velocity for side (1) can be found as

𝐺1 =
1

𝑓𝑐 1

Δ𝑝1(2 𝜌1) 𝐴𝑓𝑓1

𝐴1

Τ1 2

In order to get an estimate for G1 using the above equation, one needs to substitute an

appropriate expression for the Aff and A1 in terms of the given information. The heat

transfer area A1 can found using the following expression for NTU1

𝑁𝑇𝑈1 =
ℎ1𝜂0𝐴1
𝐶1

𝐴1 =
𝑁𝑇𝑈1𝐶1
ℎ1𝜂01

=
𝑁𝑇𝑈1 ሶ𝑚1𝐶𝑝1

ℎ1𝜂01

The heat transfer coefficient h is related to Colburn modulus jH by

𝑗𝐻 =
ℎ

𝐺 𝐶𝑝
𝑃𝑟 Τ2 3

7-Thermal sizing of compact heat exchangers

(9.34)

(9.35)

(9.36)

(9.37)
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Therefore, the heat transfer coefficient for side (1) is

ℎ1 = 𝑗𝐻1𝐺1𝐶𝑝1𝑃𝑟1
Τ−2 3

Substitute this expression for h1 in equation (9.36) to get

𝐴1 =
𝑁𝑇𝑈1 ሶ𝑚1𝐶𝑝1

𝜂01𝑗𝐻1𝐺1𝐶𝑝1𝑃𝑟1
− Τ2 3

Get the inverse of this equation and multiply the equation by Aff1 to get

𝐴𝑓𝑓1

𝐴1
=
𝜂01𝑗𝐻1𝐺1𝐶𝑝1𝑃𝑟1

Τ2 3 𝐴𝑓𝑓1

𝑁𝑇𝑈1 ሶ𝑚1𝐶𝑝1
=

𝜂01𝑗𝐻1

𝑁𝑇𝑈1 𝑃𝑟1
Τ2 3

Take this expression for Τ𝐴𝑓𝑓1 𝐴1 and substitute in equation (9.34) to get

7-Thermal sizing of compact heat exchangers

(9.38)

(9.39)

(9.40)

(9.41)𝐺1 =
𝑗𝐻1
𝑓𝑐 1

2 ρ1 Δ𝑝1 𝜂01

𝑁𝑇𝑈1𝑃𝑟1
Τ2 3

Τ1 2
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𝐺2 =
𝑗𝐻2
𝑓𝑐 2

2 ρ2 Δ𝑝2 𝜂02

𝑁𝑇𝑈2𝑃𝑟2
Τ2 3

Τ1 2

7-Thermal sizing of compact heat exchangers

Τ𝑗𝐻 (𝑓𝑐) Can be calculated or approximated. A reasonable value is around 0.3

Overall surface efficiency can be taking around 0.8 as a first estimate𝜂𝑜

( 9.42)

And for side (2)

Reference: Kays & London: Compact heat Exchangers
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8-Once the mass velocities (G1 & G2) are calculated then Reynolds numbers can be 

calculated, and from surface data one can calculate the heat transfer coefficients h1 and h2. 

10-The fin efficiencies (𝜂𝑓1, 𝜂𝑓2) and the surface overall efficiencies (𝜂𝑜1, 𝜂𝑜2)

can also be calculate, then calculate the overall heat transfer coefficient U.

11-Since NTU is known, and U has been calculated, then heat transfer area of the heat 

exchanger can be calculated. 

𝐴1 =
𝑁𝑇U 𝐶𝑚𝑖𝑛

𝑈1

12-The volume of the heat exchanger can be calculated using the 

found above heat transfer area and the ratio 𝛼

7-Thermal sizing of compact heat exchangers

9- From the given surface data, α1 and α2 can be calculated, and therefore the

area ratio is known

Τ𝐴1 𝐴2 = Τ𝛼1 𝛼2

1

𝑈1𝐴1
=

1

ℎ1𝜂𝑜1𝐴1
+

1

ℎ2𝜂𝑜2𝐴2
(9.44)

(9.43)

(9.45)

∀=
𝐴

𝛼
(9.46)

Side (2) area can be found since the area ratio has been calculated in step 8
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13-The minimum flow area (for both side) can be calculated using

𝐴𝑓𝑓 =
𝐺

ሶ𝑚

Since 𝜎 is known from the surface data, then the frontal areas for both sides (𝐴𝑓𝑓1
, 𝐴𝑓𝑓2) will be calculated using 

𝜎 =
𝐴𝑓𝑓

𝐴𝑓𝑟

14- The length of the heat exchanger in direction of flow of side (1) (i.e. Lp1) and

in the direction of side (2) (i.e. Lp2) will be calculated using

𝐿𝑝1 =
∀

𝐴𝑓𝑟1
𝐿𝑝2 =

∀

𝐴𝑓𝑟2

(9.47)

(9.48)

(9.49)

7-Thermal sizing of compact heat exchangers
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The third length which is the common edge for the heat exchanger is calculated using

𝐿3 =
∀

𝐿𝑝1 𝐿𝑝2

15- The actual pressure drop is calculated using

Δ𝑃𝑎𝑐𝑡 = 4 (𝑓𝑐)
𝐿

𝐷ℎ

𝐺2

2 𝜌

The difference between the actual pressure drop and the required 

maximum pressure is calculated for both sides, (i.e. 𝛿𝑃).

16-The value of this difference (i.e. 𝛿𝑃) is greater than a specified value, then another 

trial has to be done. The new value for the mass velocity G will be calculated using 

the next equation

(9.50)

(9.51)

(9.52))𝛿𝑝 = 𝑎𝑏𝑠 (Δ𝑝𝑚𝑎𝑥 − Δ𝑝𝑎𝑐𝑡

7-Thermal sizing of compact heat exchangers
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𝐺 =
2 𝜌 Δ𝑃𝑚𝑎𝑥

)4 (𝑓𝑐

𝐷ℎ
𝐿𝑝

Τ1 2

(9.53)

7-Thermal sizing of compact heat exchangers

where Δ𝑝𝑚𝑎𝑥 is the given maximum pressure drop for that side. Other values for the

parameters in the above expression such as fc and Lp are evaluated from previous iteration.

The above expression is used twice once for each side.

17-Iterations continuous for new values of G’s till convergence is achieved. i.e. pressure

drop for each side is with the allowable tolerance value.
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