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 Parallel Flow Design 

 Temperature Profile and Total Heat Transfer

 Counter-flow Design
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Learning Objectives:
 Calculate the total heat transfer for parallel flow HE

 Calculate the total heat transfer for counter flow HE



Introduction to Heat Exchangers
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A. Concentric Flow

Parallel Flow Counter Flow



Parallel Flow Heat Exchanger

4

𝑇𝑇ℎ,𝑖𝑖𝑖𝑖

𝑇𝑇ℎ,𝑜𝑜𝑜𝑜𝑜𝑜

𝑇𝑇𝑐𝑐,𝑖𝑖𝑖𝑖

𝑇𝑇𝑐𝑐,𝑜𝑜𝑜𝑜𝑜𝑜

What is an appropriate ∆𝑇𝑇𝑚𝑚?

𝑄𝑄 𝑄𝑄(𝑥𝑥)

x

T

Temperature Profile

Let’s write a local energy balance, similar to what we did for internal forced convection



Parallel Flow heat Exchanger
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𝑚̇𝑚ℎ𝑐𝑐𝑝𝑝,ℎ

1=in 2=out

𝑚̇𝑚𝑐𝑐𝑐𝑐𝑝𝑝,𝑐𝑐

𝑄𝑄 = UA
∆𝑇𝑇2 − ∆𝑇𝑇1

𝑙𝑙𝑙𝑙 �∆𝑇𝑇2
∆𝑇𝑇1

= 𝑈𝑈𝑈𝑈∆𝑇𝑇𝑚𝑚

∆𝑇𝑇𝑚𝑚 =
∆𝑇𝑇2 − ∆𝑇𝑇1

𝑙𝑙𝑙𝑙 �∆𝑇𝑇2
∆𝑇𝑇1

∆𝑇𝑇1 = 𝑇𝑇ℎ,1 − 𝑇𝑇𝑐𝑐,1 = 𝑇𝑇ℎ,𝑖𝑖𝑖𝑖 − 𝑇𝑇𝑐𝑐,𝑖𝑖𝑖𝑖

∆𝑇𝑇2 = 𝑇𝑇ℎ,2 − 𝑇𝑇𝑐𝑐,2 = 𝑇𝑇ℎ,𝑜𝑜𝑜𝑜𝑜𝑜 − 𝑇𝑇𝑐𝑐,𝑜𝑜𝑜𝑜𝑜𝑜

Temperature Profile and Total Heat Transfer



Counter Flow Heat Exchanger
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𝑇𝑇ℎ,𝑖𝑖𝑖𝑖

𝑇𝑇ℎ,𝑜𝑜𝑜𝑜𝑜𝑜

𝑇𝑇𝑐𝑐,𝑖𝑖𝑖𝑖
𝑇𝑇𝑐𝑐,𝑜𝑜𝑜𝑜𝑜𝑜

What is an appropriate ∆𝑇𝑇𝑚𝑚?

𝑄𝑄
𝑄𝑄(𝑥𝑥)

x

T

Temperature Profile

𝑇𝑇ℎ,𝑖𝑖𝑖𝑖 , 𝑚̇𝑚ℎ , 𝑖𝑖ℎ,𝑖𝑖𝑖𝑖 𝑇𝑇ℎ,𝑜𝑜𝑜𝑜𝑜𝑜 , 𝑚̇𝑚ℎ , 𝑖𝑖ℎ,𝑜𝑜𝑜𝑜𝑜𝑜

𝑇𝑇𝑐𝑐,𝑖𝑖𝑖𝑖 , 𝑚̇𝑚𝑐𝑐 , 𝑖𝑖𝑐𝑐,𝑖𝑖𝑖𝑖
𝑇𝑇𝑐𝑐,𝑜𝑜𝑜𝑜𝑜𝑜 , 𝑚̇𝑚𝑐𝑐 , 𝑖𝑖𝑐𝑐,𝑜𝑜𝑜𝑜𝑜𝑜



Counter Flow heat Exchanger
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Temperature Profile and Total Heat Transfer

1 2

𝑄𝑄 = UA
∆𝑇𝑇2 − ∆𝑇𝑇1

𝑙𝑙𝑙𝑙 �∆𝑇𝑇2
∆𝑇𝑇1

= 𝑈𝑈𝑈𝑈∆𝑇𝑇𝑚𝑚

∆𝑇𝑇𝑚𝑚 =
∆𝑇𝑇2 − ∆𝑇𝑇1

𝑙𝑙𝑙𝑙 �∆𝑇𝑇2
∆𝑇𝑇1

Hot, in
Cold, out

Hot, out
Cold, in

∆𝑇𝑇1 = 𝑇𝑇ℎ,1 − 𝑇𝑇𝑐𝑐,1 = 𝑇𝑇ℎ,𝑖𝑖𝑖𝑖 − 𝑇𝑇𝑐𝑐,𝒐𝒐𝒐𝒐𝒐𝒐

∆𝑇𝑇2 = 𝑇𝑇ℎ,2 − 𝑇𝑇𝑐𝑐,2 = 𝑇𝑇ℎ,𝑜𝑜𝑜𝑜𝑜𝑜 − 𝑇𝑇𝑐𝑐,𝒊𝒊𝒊𝒊



 Special Operating Conditions

 Exercises

This Lecture
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Learning Objectives:
 Recognize specific conditions



Special Operating Conditions
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Representations Based on Counter Flow 

x

T

• Condensing vapor on the hot-side
• 𝐶𝐶ℎ ≫ 𝐶𝐶𝑐𝑐

x

T

• Evaporating liquid on the cold side
• 𝐶𝐶ℎ ≪ 𝐶𝐶𝑐𝑐

x

T

• 𝐶𝐶ℎ~𝐶𝐶𝑐𝑐



Special Operating Conditions
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Representations Based on Counter Flow 

x

T

• Condensing vapor on the hot-side
• 𝐶𝐶ℎ ≫ 𝐶𝐶𝑐𝑐

x

T

• Evaporating liquid on the cold side
• 𝐶𝐶ℎ ≪ 𝐶𝐶𝑐𝑐

x

T

• 𝐶𝐶ℎ~𝐶𝐶𝑐𝑐



 Special Operating Conditions

 Exercises

This Lecture
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Learning Objectives:
 Recognize specific conditions



Example
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Forced Convection in an Annular Passage:

For the cold side estimate the physical properties at T =35C



Example
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For the hot fluid we know both inlet and outlet temperatures hence we can determine the 
overall heat that must be removed as it flows through the heat exchanger by applying the 
energy balance to the hot side:

All this heat must be transferred to the cold side, therefore we can immediately determine 
the exit temperature of the cold fluid:

Now that we know all the inlet/outlet temperatures we can estimate the length of the heat 
exchanger by considering the overall energy balance:



Example

14

We calculate the logarithmic mean temperature for a counter-flow heat exchanger:

Assuming negligible conduction resistance of the wall, the overall heat transfer is affected 
only by the convection on the cold and hot side:

1
𝑈𝑈𝑈𝑈 = 𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =

1
ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

+
1

ℎℎ𝑜𝑜𝑜𝑜𝐴𝐴ℎ𝑜𝑜𝑜𝑜
As the thickness of the tube wall is negligible, the areas are the same both for hot and cold 
convection, therefore:

1
𝑈𝑈 =

1
ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

+
1

ℎℎ𝑜𝑜𝑜𝑜

The convection conditions for the two sides are:
• Cold side: internal forced convection, circular tubes, fully developed flow
• Hot side: internal forced convection, annular passage, fully developed flow



Example
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1
𝑈𝑈

=
1

ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
+

1
ℎℎ𝑜𝑜𝑜𝑜

Cold side:

> 10000 > 2300, turbulent flow



Example
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1
𝑈𝑈

=
1

ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
+

1
ℎℎ𝑜𝑜𝑜𝑜

Hot side:

𝑚̇𝑚 = 𝜌𝜌𝑉̇𝑉 = 𝜌𝜌𝜌𝜌𝐴𝐴𝑐𝑐

𝑅𝑅𝑅𝑅𝐷𝐷< 2300, laminar flow

𝐷𝐷𝑖𝑖
𝐷𝐷𝑜𝑜

= 0.56



Example
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1
𝑈𝑈

=
1

ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
+

1
ℎℎ𝑜𝑜𝑜𝑜



 Heat Exchanger Analysis/Design/Performance Calculation

 Effectiveness-NTU method

Next Lecture
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Learning Objectives:
 Identify the design parameter for a heat exchanger

 Analyze the performance of a heat exchanger



Introduction to Heat Exchangers
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A. Concentric Flow

B. Cross-Flow

C. Shell-and-Tube



Effectiveness-NTU Method
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𝑄𝑄 = UA
∆𝑇𝑇2 − ∆𝑇𝑇1

𝑙𝑙𝑙𝑙 �∆𝑇𝑇2
∆𝑇𝑇1

= 𝑈𝑈𝑈𝑈∆𝑇𝑇𝑚𝑚∆𝑇𝑇𝑚𝑚 =
∆𝑇𝑇2 − ∆𝑇𝑇1

𝑙𝑙𝑙𝑙 �∆𝑇𝑇2
∆𝑇𝑇1

𝑇𝑇ℎ,1 , 𝑚̇𝑚ℎ , 𝑖𝑖ℎ,1 𝑇𝑇ℎ,2 , 𝑚̇𝑚ℎ , 𝑖𝑖ℎ,2

𝑇𝑇𝑐𝑐,1 , 𝑚̇𝑚𝑐𝑐 , 𝑖𝑖𝑐𝑐,1 𝑇𝑇𝑐𝑐,2 , 𝑚̇𝑚𝑐𝑐 , 𝑖𝑖𝑐𝑐,2

𝑄𝑄

1 2

How do we design the heat exchanger if we do NOT know all the four temperatures ?
What about shell-tube heat exchangers where there are various flow configurations?

𝑄𝑄 = −𝑄𝑄ℎ = −𝐶𝐶ℎ 𝑇𝑇ℎ,𝑜𝑜𝑜𝑜𝑜𝑜 − 𝑇𝑇ℎ,𝑖𝑖𝑖𝑖

𝑄𝑄 = 𝑄𝑄𝑐𝑐 = 𝐶𝐶𝑐𝑐 𝑇𝑇𝑐𝑐,𝑜𝑜𝑜𝑜𝑜𝑜 − 𝑇𝑇𝑐𝑐,𝑖𝑖𝑖𝑖
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