
Heat Exchangers



Effectiveness of a heat exchanger

• In heat exchanger design, the main design equation is 𝑄 = 𝑈𝐴 𝐿𝑀𝑇𝐷

• In order to estimate LMTD it is necessary to know the inlet and outlet temperatures of both the hot and cold liquids

• In case this is not known, the calculations for the heat exchanger then becomes a trial and error effort

• When only the inlet temperatures of the hot and cold fluid are known , it is preferable to use an alternate approach 
to heat exchanger design known as the effectiveness-NTU (or NTU) method

• The term effectiveness of the heat exchanger , based on only the initial temperatures is defined as

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠, 𝜂 =
𝐴𝑐𝑡𝑢𝑎𝑙 ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟

• Actual heat transfer,
𝑄 = 𝑚𝑐𝐶𝑐 𝑇𝑐1 − 𝑇𝑐2 = 𝑚ℎ𝐶ℎ 𝑇ℎ1 − 𝑇ℎ2

• The maximum value of the temperature difference is, 𝑇ℎ1 − 𝑇𝑐2 - the difference between the inlet temperatures 
of the hot and cold fluids

• Maximum heat transfer occurs when any fluid undergoes this temperature change 𝑇ℎ1 − 𝑇𝑐2

• However, since 𝑄 is constant, if Δ𝑇 is maximum, 𝑚𝐶 must be minimum

• Maximum possible heat transfer,

𝑄𝑚𝑎𝑥 = 𝑚𝐶 𝑚𝑖𝑛 𝑇ℎ1 − 𝑇𝑐2
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• As per the figure, if the maximum change in in the hot fluid, then the heat 
exchanger effectiveness is given by,

𝜂ℎ =
𝑄

𝑄𝑚𝑎𝑥
=

𝑚𝐶 ℎ 𝑇ℎ1 − 𝑇ℎ2
𝑚𝐶 𝑚𝑖𝑛 𝑇ℎ1 − 𝑇𝑐2

• Here as 𝑇ℎ1 − 𝑇ℎ2 is more than 𝑇𝑐2 − 𝑇𝑐1 , 𝑚𝐶 ℎ< 𝑚𝐶 𝑐
Therefore, 𝑚𝐶 ℎ = 𝑚𝐶 𝑚𝑖𝑛

• Or,
𝑄 = 𝜂ℎ𝑄𝑚𝑎𝑥 = 𝜂ℎ 𝑚𝐶 𝑚𝑖𝑛 𝑇ℎ1 − 𝑇𝑐2

𝑄 = 𝜂 𝑚𝐶 𝑚𝑖𝑛 𝑇ℎ1 − 𝑇𝑐2

• This is based only on the inlet temperatures

• If the maximum temperature change occurs in in the cold fluid, then 𝑚𝐶 𝑐< 𝑚𝐶 ℎ

and the heat exchanger effectiveness is given by,

𝜂𝑐 =
𝑄

𝑄𝑚𝑎𝑥
=

𝑚𝐶 𝑐 𝑇𝑐1 − 𝑇𝑐2
𝑚𝐶 𝑚𝑖𝑛 𝑇ℎ1 − 𝑇𝑐2

• The values of 𝜂 lies between 0 and 1



• For counter-current flow, the effectiveness is determined as,

𝜂𝑐𝑜𝑢𝑛𝑡𝑒𝑟 =
1 − 𝑒𝑥𝑝 −

𝑈𝐴
𝐶𝑚𝑖𝑛

1 −
𝐶𝑚𝑖𝑛
𝐶𝑚𝑎𝑥

1 −
𝐶𝑚𝑖𝑛
𝐶𝑚𝑎𝑥

𝑒𝑥𝑝 −
𝑈𝐴
𝐶𝑚𝑖𝑛

1 −
𝐶𝑚𝑖𝑛
𝐶𝑚𝑎𝑥

where 𝐶𝑚𝑖𝑛 = 𝑚𝐶 𝑚𝑖𝑛 = 𝑡ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑣𝑎𝑙𝑢𝑒 𝑒𝑖𝑡ℎ𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 ℎ𝑜𝑡 𝑜𝑟 𝑐𝑜𝑙𝑑 𝑓𝑙𝑢𝑖𝑑

𝐶𝑚𝑎𝑥 = 𝑚𝐶 𝑚𝑎𝑥 = 𝑡ℎ𝑒 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑣𝑎𝑙𝑢𝑒 𝑒𝑖𝑡ℎ𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 ℎ𝑜𝑡 𝑜𝑟 𝑐𝑜𝑙𝑑 𝑓𝑙𝑢𝑖𝑑

• For co-current or parallel flow

𝜂𝑐𝑜−𝑐𝑢𝑟𝑟𝑒𝑛𝑡 =
1 − 𝑒𝑥𝑝 −

𝑈𝐴
𝐶𝑚𝑖𝑛

1 +
𝐶𝑚𝑖𝑛
𝐶𝑚𝑎𝑥

1 +
𝐶𝑚𝑖𝑛
𝐶𝑚𝑎𝑥

The above two expressions are for a double pipe heat exchanger in co-current and counter-current mode

Other expressions are available for shell and tube and cross flow exchangers (Incropera and Dewitt, Page 689)
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• Now, the term    
𝑼𝑨

𝑪𝒎𝒊𝒏
is known as Number of Transfer Units (NTU)  and, 𝑵𝑻𝑼 = 𝒇 𝜼,

𝑪𝒎𝒊𝒏

𝑪𝒎𝒂𝒙

• For a double-pipe exchanger counter current flow,

𝑁𝑇𝑈 =
1

𝐶𝑚𝑖𝑛
𝐶𝑚𝑎𝑥

− 1
𝑙𝑛

𝜂 − 1

𝜂
𝐶𝑚𝑖𝑛
𝐶𝑚𝑎𝑥

− 1

𝑁𝑇𝑈 =
𝜂

1 − 𝜂

• For a double-pipe exchanger co current flow,

𝑁𝑇𝑈 = −
𝑙𝑛 1 − 𝜂 1 +

𝐶𝑚𝑖𝑛
𝐶𝑚𝑎𝑥

1 +
𝐶𝑚𝑖𝑛
𝐶𝑚𝑎𝑥

• These expressions are for a double pipe heat exchanger. Other such expressions are available for other exchanger 
configurations (Incropera and Dewitt, Page 690)
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For   
𝐶𝑚𝑖𝑛

𝐶𝑚𝑎𝑥
< 1

For   
𝐶𝑚𝑖𝑛

𝐶𝑚𝑎𝑥
= 1
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Effective-NTU Method Example

A counter-current flow double pipe heat exchanger is to heat water from 20oC to 80oC at a rate of 1.2 kg/s. The 
heating is to be accomplished by geothermal water available at 160oC at a flow rate of 2 kg/s. The inner tube is 
thin-walled and has a diameter of 1.5 cm. The overall heat transfer coefficient of the heat exchanger is 640 W/m2K. 
Using the effectiveness-NTU method, determine the length of the heat exchanger required for desired heating.
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𝐶ℎ = ሶ𝑚ℎ 𝐶𝑝ℎ = 2 × 4.31 = 8.62 kW/K

𝐶𝑐 = ሶሶ𝑚𝑐 𝐶𝑝𝑐 = 1.2 × 4.18 = 5.02 kW/K

𝐶𝑚𝑖𝑛 = 𝐶𝑐 = 5.02 kW/K    and 𝐶𝑚𝑎𝑥 = 𝐶ℎ = 8.62 kW/K

𝑄𝑚𝑎𝑥 = 𝐶𝑚𝑖𝑛 𝑇ℎ,𝑖𝑛 − 𝑇𝑐,𝑖𝑛 = 5.02 160 − 20 = 702.8 kW 

→ 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑟𝑎𝑡𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟

𝑄 = ሶ𝑚𝐶𝑝 𝑇𝑜𝑢𝑡 − 𝑇𝑖𝑛 𝑤𝑎𝑡𝑒𝑟
= 1.2 × 4.18 × 80 − 20 = 301.0 kW

𝜂 =
𝑄

𝑄𝑚𝑎𝑥
=

301

702.8
= 0.428

For a double-pipe exchanger counter current flow,

𝑁𝑇𝑈 =
1

𝐶𝑚𝑖𝑛

𝐶𝑚𝑎𝑥
− 1

𝑙𝑛
𝜂 − 1

𝜂
𝐶𝑚𝑖𝑛

𝐶𝑚𝑎𝑥
− 1



𝑁𝑇𝑈 =
1

𝐶𝑚𝑖𝑛
𝐶𝑚𝑎𝑥

− 1
𝑙𝑛

𝜂 − 1

𝜂
𝐶𝑚𝑖𝑛
𝐶𝑚𝑎𝑥

− 1

𝑁𝑇𝑈 =
1

5.02
8.62

− 1
𝑙𝑛

0.428 − 1

0.428 ×
5.02
8.62

− 1
= 0.651

Now, 

𝑁𝑇𝑈 =
𝑈𝐴

𝐶𝑚𝑖𝑛

Therefore,

𝐴 =
𝑁𝑇𝑈 × 𝐶𝑚𝑖𝑛

𝑈
=
0.651 × 5.02 × 1000

640
= 5.11 𝑚2

Since,

𝐴 = 𝜋𝐷𝐿

𝐿 =
𝐴

𝜋𝐷
=

5.11

𝜋×1.5×10−2
= 108 𝑚
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