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Heat Exchangers

• Heat exchanger is an equipment, in which transfer  of heat
energy takes place from hot fluid to cold fluid.

Examples are: Automobile Radiators

Preheaters

Intercoolers

Boilers

Condensers

Oil coolers

Cooling Towers

• Some manufactures:
Thermax, Forbes Marshall, TATA, Behr, 
Alfa Laval, Paharpur
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Applications of Heat Exchangers

Heat Exchangers 

prevent  car engine 

overheating and 

increase efficiency

Heat exchangers are 

used in chemical Industry 

for heat transfer

Heat 

exchangers are 

used in AC 
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Types of Heat Exchangers

Direct Transfer 
type 

(Recuperator): 

• Automobile Radiators, Oil Coolers, 

• Air preheaters, 

• Super heaters, Condensers, Evaporators etc.

Storage Type 
(Regenerator):

• Open hearth and glass melting furnaces, 

• Air heaters of Blast furnaces

Direct Contact 
Types:

• Cooling Towers, Jet condensers
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Direct Transfer Type Heat Exchanger

Tci

Tce

Thi The
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Storage Type Heat Exchanger

Hot Fluid In

Hot Fluid Out

Cold Fluid In

Cold Fluid Out

Matrix of High Storage
Heat Capacity Material
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Direct Contact Type Heat Exchanger

Liquid Gases

Cooling Tower
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Direct Transfer Type Heat Exchanger

Tci

Tce

Thi The

Tubular Heat Exchanger (Concentric Tubes)
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Counter  Flow HE

Tce

Tci

Thi The
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Cross Flow HE (One Fluid Mixed, One Unmixed):

Cold Fluid In (Mixed), Tci

Cold Fluid Out, Tce
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Cross Flow HE (Both Fluids Unmixed):

Cold Fluid In, Tci

Cold Fluid Out, Tce
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Direct Transfer Type HE (Shell-Tube Type )

Tci

Tce

ThiThe

Shell

Tubes

Baffles
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Heat Exchanger

Cold Fluid
out

Hot Fluid inHot Fluid Out

Cold Fluid
In
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Compact Heat Exchangers

Dh < 6mm
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Typical equipment 
consists of a bundle of 
parallel tube encased in a 
cylindrical shell
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Some Important Aspects of HEs

Heat energy given by hot fluid = Energy gained by cold fluid (m.Cp.ΔT)hot fluid =  
(m.Cp.ΔT)cold fluid

In direct transfer type HEs, transfer of energy takes place across the wall of 
metal and rate of heat flow can be  estimated using the term ‘ Over All Heat 
Transfer’ as: Q= U.A.ΔT

In HEs, ΔT varies across the length of HE, therefore, while  applying above 
formula, some mean temp difference has to be used. 

Surfaces of HEs get coated with deposits with passage of  time resulting in 
deterioration of performance. The effect of deposits/scales is represented by 
FOULING FACTOR, which  has to be added to other thermal resistances for 
evaluation  of over all heat transfer coefficient.

•
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Representative Values of Fouling Factors

Fluid Fouling Factor, m2-K/W

Seawater and treated boiler 
feedwater (<50C)

Seawater and treated boiler 
feedwater (>50)

River water (<50C)

Fuel oil

Refrigerating liquids

Steam

0.0001

0.0002

0.0002-0.001

0.0009

0.0002

0.0001
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Analysis of Parallel Flow HE

• Heat transfer takes  place 
only between  two fluids

• U is const  through out

• Cp of fluids are const

• No temp gradient  across the 
wall

• No change in KE & PE of the 
fluids

Assumptions:

• Consider HE, in which heat is transferred across an area A of 
width B and length L.

• Let flow rates on hot and cold sides be mh & mc respectively

Thi The

Tci Tce

A=B.L

dx
L

x

Thi

The

ΔTe
Tce

Tci

ΔTi

Th

Tc

ΔT
-dTh

+dTc

Th - dTh

Tc + dTc

mh

mc
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Analysis of Parallel Flow HE
Thi- hot fluid temp at inlet

The- hot fluid temp at exit

Tci- cold fluid temp at inlet

Tce- cold fluid temp at exit

From the Fig, temp diff at inlet is 
max Δti and min at exit ΔTe.

Consider an elemental
area dA at distance x of length dx.

Let the temp at the beginning of elemental area be Th and Tc

and let the change in temps while they flow over area dA be
dTh and dTc as shown in Fig.

Thi The

Tci Tce

A=B.L

dx
L

x

Thi

The

ΔTe
Tce

Tci

ΔTi

Th

Tc

ΔT
-dTh

+dTc

Th - dTh

Tc + dTc

mh

mc
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Analysis of Parallel Flow HE

Thi The

Tci Tce

A=B.L

dx
L

x

Thi

The

ΔTe
Tce

Tci

ΔTi

Th

Tc

ΔT
-dTh

+dTc

Th - dTh

Tc + dTc

mh

mc

For steady state conditions, 
Rate of Heat Transfer = Rate of change of 
Internal energy of  the fluid

Therefore, 
Q=U.dA.ΔT

=mh.Cph.(-dTh)
=mc.Cpc.(+dTc)…….(1);
where dA=B.dx

At the beginning of the elemental area dA, we can write;
ΔT=Th - Tc …………..(2)  

Differentiating (2), We have   d(ΔT) = dTh - dTc …………..(3)
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Analysis of Parallel Flow HE

Substituting values of dTh & dTc from eqn..(1) in (3), we have;

𝑑(Δ𝑇) =
𝑈. 𝑑𝐴. Δ𝑇

−𝑚ℎ. 𝐶𝑝ℎ
−
𝑈. 𝑑𝐴. Δ𝑇

𝑚𝑐 . 𝐶𝑝𝑐
𝑂𝑅

𝑑(Δ𝑇)

Δ𝑇
= −

1

𝑚ℎ𝐶𝑝ℎ
+

1

𝑚𝑐𝐶𝑝𝑐
. 𝑈. 𝐵. 𝑑𝑥

𝐼𝑛𝑡𝑒𝑔𝑟𝑎𝑡𝑖𝑛𝑔 න

Δ𝑇𝑖

Δ𝑇𝑒
𝑑(Δ𝑇)

Δ𝑇
= −

1

𝑚ℎ𝐶𝑝ℎ
+

1

𝑚𝑐𝐶𝑝𝑐
. 𝑈. 𝐵 න

0

𝐿

𝑑𝑥 𝑂𝑅 lnΔ𝑇 Δ𝑇𝑖
Δ𝑇𝑒 = −

1

𝑚ℎ𝐶𝑝ℎ
+

1

𝑚𝑐𝐶𝑝𝑐
. 𝑈. 𝐵. 𝐿

𝑂𝑅 lnΔ 𝑇𝑒 − lnΔ𝑇𝑖 = −
1

𝑚ℎ𝐶𝑝ℎ
+

1

𝑚𝑐𝐶𝑝𝑐
. 𝑈. 𝐴 𝑂𝑟 ln

Δ𝑇𝑒

Δ𝑇𝑖
= −

1

𝑚ℎ𝐶𝑝ℎ
+

1

𝑚𝑐𝐶𝑝𝑐
𝑈. 𝐴. . . . . . . . . (4)
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𝐴𝑙𝑠𝑜, 𝑄 = 𝑚ℎ𝐶𝑝ℎ(𝑇ℎ𝑖 − 𝑇ℎ𝑒) = 𝑚𝑐𝐶𝑝𝑐(𝑇𝑐𝑒 − 𝑇𝑐𝑖)

Analysis of Parallel Flow HE

⇒
1

𝑚ℎ𝐶𝑝ℎ
=
𝑇ℎ𝑖 − 𝑇ℎ𝑒

𝑄
&

1

𝑚𝑐𝐶𝑝𝑐
=
𝑇𝑐𝑒 − 𝑇𝑐𝑖

𝑄

𝑆𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔𝑖𝑛𝑒𝑞𝑛. . . . . . . (4), 𝑊𝑒 ℎ𝑎𝑣𝑒;

ln
Δ𝑇𝑒

Δ𝑇𝑖
= −

𝑇ℎ𝑖 − 𝑇ℎ𝑒
𝑄

+
𝑇𝑐𝑒 − 𝑇𝑐𝑖

𝑄
𝑈. 𝐴

𝐎𝐑 𝐐 =
−𝐔.𝐀

𝐥𝐧
𝚫𝐓𝐞
𝚫𝐓𝐢

𝐓𝐡𝐢 − 𝐓𝐜𝐢 − 𝐓𝐡𝐞 − 𝐓𝐜𝐞
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Analysis of Parallel Flow HE

𝑄 = 𝑈. 𝐴.
Δ𝑇𝑖 − Δ𝑇𝑒

ln
Δ𝑇𝑖
Δ𝑇𝑒

𝑄 = 𝑈. 𝐴. Δ𝑇𝑚
𝐹𝑟𝑜𝑚𝑡ℎ𝑖𝑠 exp ⥂𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑄𝑐𝑎𝑛𝑛𝑜𝑤𝑏𝑒𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑

Since  ΔTm contains log term, it is called 
Logarithmic Mean Temp Difference (LMTD)

𝐶𝑜𝑚𝑝𝑎𝑟𝑖𝑛𝑔𝑤𝑒ℎ𝑎𝑣𝑒; Δ𝑇𝑚 =
Δ𝑇𝑖 − Δ𝑇𝑒

ln
Δ𝑇𝑖
Δ𝑇𝑒
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Analysis of Counter Flow HE

• Heat transfer takes place only between 

• two fluids

• U is const  through out

• Cp of fluids are const

• No temp gradient across the wall

• No change in KE & PE of the fluids

Assumptions:

• Consider HE, in which heat is transferred across an area A of 

width B and length L.

• Let flow rates on hot and cold sides be mh & mc respectively

Thi The

Tce Tci

A=B.L

dx
L

x

Thi

The

ΔTe
Tci

Tce

ΔTi

Th

Tc

ΔT
-dTh

- dTc

Th - dTh

Tc - dTc

mh

mc
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Analysis of Counter Flow HE

Consider HE, in which heat is transferred across an area
A of width B and length L.

Let flow rates on hot and cold sides be mh & mc

respectively

Thi The

Tce Tci

A=B.L

dx
L

x

Thi

The

ΔTe
Tci

Tce

ΔTi

Th

Tc

ΔT
-dTh

- dTc

Th - dTh

Tc - dTc

mh

mc

For steady state conditions

Q=U.dA.ΔT
=mh.Cph.(-dTh)
=mc.Cpc.(-dTc)…….(1);
where dA=B.dx
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Analysis of Counter Flow HE

𝑑(Δ𝑇)

Δ𝑇
= −

1

𝑚ℎ𝐶𝑝ℎ
−

1

𝑚𝑐𝐶𝑝𝑐
. 𝑈. 𝐵. 𝑑𝑥

𝐼𝑛𝑡𝑒𝑔𝑟𝑎𝑡𝑖𝑛𝑔 න

Δ𝑇𝑖

Δ𝑇𝑒
𝑑(Δ𝑇)

Δ𝑇
= −

1

𝑚ℎ𝐶𝑝ℎ
−

1

𝑚𝑐𝐶𝑝𝑐
. 𝑈. 𝐵 න

0

𝐿

𝑑𝑥

𝑂𝑅 lnΔ𝑇 Δ𝑇𝑖
Δ𝑇𝑒 = −

1

𝑚ℎ𝐶𝑝ℎ
−

1

𝑚𝑐𝐶𝑝𝑐
. 𝑈. 𝐵. 𝐿

ln
Δ𝑇𝑒

Δ𝑇𝑖
= −

1

𝑚ℎ𝐶𝑝ℎ
−

1

𝑚𝑐𝐶𝑝𝑐
. 𝑈. 𝐴. . . . . . . (4)
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𝐴𝑙𝑠𝑜, 𝑄 = 𝑚ℎ𝐶𝑝ℎ(𝑇ℎ𝑖 − 𝑇ℎ𝑒) = 𝑚𝑐𝐶𝑝𝑐(𝑇𝑐𝑒 − 𝑇𝑐𝑖)

Analysis of Counter Flow HE

⇒
1

𝑚ℎ𝐶𝑝ℎ
=
𝑇ℎ𝑖 − 𝑇ℎ𝑒

𝑄
&

1

𝑚𝑐𝐶𝑝𝑐
=
𝑇𝑐𝑒 − 𝑇𝑐𝑖

𝑄

𝑆𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔𝑖𝑛𝑒𝑞𝑛. . . . . . . (4), 𝑊𝑒 ℎ𝑎𝑣𝑒;

ln
Δ𝑇𝑖
Δ𝑇𝑒

=
𝑇ℎ𝑖 − 𝑇ℎ𝑒

𝑄
−
𝑇𝑐𝑒 − 𝑇𝑐𝑖

𝑄
𝑈. 𝐴

𝑂𝑅 𝑄 =
𝑈. 𝐴

ln
Δ𝑇𝑖
Δ𝑇𝑒

𝑇ℎ𝑖 − 𝑇ℎ𝑒 − 𝑇𝑐𝑒 + 𝑇𝑐𝑖
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𝑄 =
𝑈. 𝐴

ln
Δ𝑇𝑖
Δ𝑇𝑒

𝑇ℎ𝑖 − 𝑇𝑐𝑒 − 𝑇ℎ𝑒 − 𝑇𝑐𝑖

Analysis of Counter Flow HE

𝑄 = 𝑈. 𝐴.
Δ𝑇𝑖 − Δ𝑇𝑒

ln
Δ𝑇𝑖
Δ𝑇𝑒

= 𝑈. 𝐴. Δ𝑇𝑚

Q now can be calculated from the expression:
Q=U.A.ΔT

𝐶𝑜𝑚𝑝𝑎𝑟𝑖𝑛𝑔𝑤𝑒ℎ𝑎𝑣𝑒; Δ𝑇𝑚 =
Δ𝑇𝑖 − Δ𝑇𝑒

ln
Δ𝑇𝑖
Δ𝑇𝑒

Parallel Flow Counter Flow

ΔTi = Thi - Tci ΔTi = Thi - Tce

ΔTe = The - Tce ΔTe = The - Tci
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Counter Flow HEs

A special case of Counter Flow HE occurs when the Capacity 
Rates on the two sides are equal:
mhCph=mcCpc → (Thi – Tce) =(The - Tci)   →   ΔTi = ΔTe

𝐻𝑒𝑛𝑐𝑒 Δ𝑇𝑚 =
Δ𝑇𝑖 − Δ𝑇𝑒

ln
Δ𝑇𝑖
Δ𝑇𝑒

𝑤𝑖𝑙𝑙 𝑏𝑒𝑐𝑜𝑚𝑒 𝐼𝑛 ⥂ det ⥂𝑒𝑟 ⥂ min ⥂ ⥂ 𝑎𝑡𝑒

This can be solved by applying L’ hospitals rule and it can be 
shown that  ΔTm = ΔTe = ΔTi
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Cross Flow HE

A=B.L

Thi

The

Tci Tce

L

B

Y

X

In both parallel and counter flow HEs, temps
on both sides vary only along the length of HEs
and are function of single variable, say x. This
is not so in case of cross flow HE.

It is obvious that Th & Tc are now function of x
and y and exit temp profiles are not uniform
Determination of LMTD involves double
integration and becomes complicated

•
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Cross Flow HE

Study and development of 
relations  for cross flow and for 

many other types multi-pass flow 
arrangements was carried out by 

Bowman,  Mueller and Nagle.

Some of these are:

• - Both fluids unmixed

• - Both fluids mixed

• - One fluid mixed, one unmixed

• - One Shell & Two tube passes ( and 
multiples of 2)

• - Two Shell passes and multiple tube 
passes                  

Under these conditions, heat 
transfer rate is calculated as:

• Q=U.A.F.(ΔTm)counter flow , where F is 
correction factor, which graphically 
determined with the help of two 
parameters R and S
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Direct Transfer Type Heat Exchanger

Cross Flow HE (One Fluid Mixed, One Unmixed): Cold Fluid In (Mixed), Tci

Cold Fluid Out, Tce

H
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Cross Flow HE (Both Fluids Unmixed):

Cold Fluid In, Tci

Cold Fluid Out, Tce
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Cross Flow HE

𝑅 =
𝑇1𝑖 − 𝑇1𝑒
𝑇2𝑒 − 𝑇2𝑖

; 𝑆 =
𝑇2𝑒 − 𝑇2𝑖
𝑇1𝑖 − 𝑇2𝑖

Subscript 1 must be assigned to MIXED fluid, in case one fluid
is mixed and other is UNMIXED. In other cases, any subscript
can be assigned to any fluid.
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Special Cases of HEs

Two special cases occur, when the product of the flow rate and specific heat (mCp) is 
INFINITE  either on hot or cold side.

This happens when one of the fluids changes phase (Boiling and Condensation) and Q is 
calculated as Q=mλ.

mhCph(Thi - The) = mcCpc(Tce - Tci)

For Condensation: Thi  - The = 0   as   Thi  =  The

Since LHS  =  RHS  and  Thi - The = 0, Therefore mhCph = ∞
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Temperature Profiles
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• While designing and testing, two types of problems are required to be
tackled:

• For the two given fluids, mass flow rates and inlet & exit temps are
specified, and size of HE is required to designed for specified performance.

• For given HE, only inlet temps and mass flow rates of the two fluids are
specified and exit temps are required to be found out. This type of problem
is basically evaluation of performance of a given heat exchanger.

• First kind of problems can be solved by LMTD method but second type of
problems can not be solved by LMTD method.

• To solve the second type of problems, NTU-Effectiveness is used. However,
first type of problems can also be solved by this method.

NTU-Effectiveness Method
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NTU-Effectiveness Method

• For this method, 3 parameters will be defined: 

1. Capacity Ratio (C): It is defined as the ratio of heat 
capacities of the two fluids and is given as: 

2. Number of (Heat) Transfer Units (NTU):

• For specified value of U/mCp, NTU is the measure of actual
heat transfer area A or  size of the HE.

𝐶 =
𝑚𝐶𝑝 𝑠𝑚𝑎𝑙𝑙

𝑚𝐶𝑝 𝑙⥂arg⥂𝑒

; 0 ≤ 𝐶 ≤ 1

𝑁𝑇𝑈 =
𝑈. 𝐴

𝑚𝐶𝑝 𝑆𝑚𝑎𝑙𝑙
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NTU-Effectiveness Method

3.  Effectiveness (ε): 

• Max heat transfer will occur when one of the fluids 
undergoes max temp change.

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠(𝜀) =
𝐴𝑐𝑡𝑢𝑎𝑙𝐻𝑒𝑎𝑡𝑇𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑅𝑎𝑡𝑒(𝑖𝑛𝐻𝐸)

𝑀𝑎𝑥𝑃𝑜𝑠𝑠𝑖𝑏𝑙𝑒𝐻𝑒𝑎𝑡𝑇𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑅𝑎𝑡𝑒(𝑖𝑛𝐻𝐸)

• When Q =mhCph(Thi - The) = mcCpc(Tce-Tci), obviously the fluid
having smaller heat capacity will only undergo max temp
in HE. 

𝐻𝑒𝑛𝑐𝑒 𝜀 =
𝑚𝐶𝑝Δ𝑇 ℎ𝑜𝑡 𝑜𝑟 𝑐𝑜𝑙𝑑

𝑚𝐶𝑝 𝑠𝑚𝑎𝑙𝑙
𝑇ℎ𝑖 − 𝑇𝑐𝑖
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3.  Effectiveness (ε): 

NTU-Effectiveness Method

𝜀 =
𝑚𝐶𝑝Δ𝑇 ℎ𝑜𝑡 𝑜𝑟 𝑐𝑜𝑙𝑑

𝑚𝐶𝑝 𝑠𝑚𝑎𝑙𝑙
𝑇ℎ𝑖 − 𝑇𝑐𝑖

• For (mCp)h < (mCp)c : 𝜀 =
𝑚𝐶𝑝 ℎ

𝑇ℎ𝑖 − 𝑇ℎ𝑒

𝑚𝐶𝑝 ℎ
𝑇ℎ𝑖 − 𝑇𝑐𝑖

=
𝑇ℎ𝑖 − 𝑇ℎ𝑒
𝑇ℎ𝑖 − 𝑇𝑐𝑖

• For (mCp)c < (mCp)h : 𝜀 =
𝑚𝐶𝑝 𝑐

𝑇𝑐𝑒 − 𝑇𝑐𝑖

𝑚𝐶𝑝 𝑐
𝑇ℎ𝑖 − 𝑇𝑐𝑖

=
𝑇𝑐𝑒 − 𝑇𝑐𝑖
𝑇ℎ𝑖 − 𝑇𝑐𝑖
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NTU-Effectiveness Method For Parallel Flow HE

• Let (mCp)h < (mCp)c

𝐻𝑒𝑛𝑐𝑒 𝐶 =
𝑚𝐶𝑝 ℎ

𝑚𝐶𝑝 𝑐

• Since (mCp)h(Thi-The)=(mCp)c(Tce-Tci)

∴
(𝑚𝐶𝑝)ℎ
(𝑚𝐶𝑝)𝑐

=
𝑇𝑐𝑒 − 𝑇𝑐𝑖
𝑇ℎ𝑖 − 𝑇ℎ𝑒

= 𝐶. . . . . . . (1)

𝐴𝑛𝑑 𝜀 =
(𝑚𝐶𝑝)ℎ(𝑇ℎ𝑖 − 𝑇ℎ𝑒)

(𝑚𝐶𝑝)ℎ(𝑇ℎ𝑖 − 𝑇𝑐𝑖)
=
𝑇ℎ𝑖 − 𝑇ℎ𝑒
𝑇ℎ𝑖 − 𝑇𝑐𝑖

. . . . . . . . (2)
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NTU-Effectiveness Method for Parallel Flow HE

Let us obtain Tci & Tce in terms of Thi & The :

From eqn …(2), we have,

𝑇ℎ𝑖 − 𝑇𝑐𝑖 =
𝑇ℎ𝑖
𝜀
−
𝑇ℎ𝑒
𝜀

⇒ 𝑇𝑐𝑖 = 𝑇ℎ𝑖 −
𝑇ℎ𝑖
𝜀
+
𝑇ℎ𝑒
𝜀
. . . . . . . . . (3)

And from eqn…(1), we have, 𝑇𝑐𝑒 − 𝑇𝑐𝑖 = 𝐶. 𝑇ℎ𝑖 − 𝐶. 𝑇ℎ𝑒

∴ 𝑇𝑐𝑒 = 𝑇𝑐𝑖 + 𝐶. 𝑇ℎ𝑖 − 𝐶. 𝑇ℎ𝑒

Putting value of Tci from eqn. . . (3)

Tce = Thi −
Thi
ε
+
The
ε

+ C. Thi − C. The. . . . . . . (4)
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NTU-Effectiveness Method for Parallel Flow HE

𝐻𝑒𝑟𝑒 ⥂ Δ𝑇𝑖 = 𝑇ℎ𝑖 − 𝑇𝑐𝑖

Δ𝑇𝑖 = 𝑇ℎ𝑖 − (𝑇ℎ𝑖 −
𝑇ℎ𝑖
𝜀
+
𝑇ℎ𝑒
𝜀
)

Δ𝑇𝑖 =
𝑇ℎ𝑖 − 𝑇ℎ𝑒

𝜀

𝐴𝑛𝑑 Δ𝑇𝑒 = 𝑇ℎ𝑒 − 𝑇𝑐𝑒

𝑆𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔 𝑇𝑐𝑒 𝑓𝑟𝑜𝑚 𝑒𝑞𝑛. . . (4), 𝑤𝑒 ℎ𝑎𝑣𝑒,

Δ𝑇𝑒 = 𝑇ℎ𝑒 − 𝑇ℎ𝑖 −
𝑇ℎ𝑖
𝜀
+
𝑇ℎ𝑒
𝜀

+ 𝐶. 𝑇ℎ𝑖 − 𝐶. 𝑇ℎ𝑒

Δ𝑇𝑒 = 𝑇ℎ𝑒 − 𝑇ℎ𝑖 +
𝑇ℎ𝑖
𝜀
−
𝑇ℎ𝑒
𝜀

− 𝐶. 𝑇ℎ𝑖 + 𝐶. 𝑇ℎ𝑒
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NTU-Effectiveness Method for Parallel 
Flow HE

Δ𝑇𝑒 = 𝑇ℎ𝑒 − 𝑇ℎ𝑖 +
𝑇ℎ𝑖
𝜀
−
𝑇ℎ𝑒
𝜀

− 𝐶. 𝑇ℎ𝑖 + 𝐶. 𝑇ℎ𝑒

Δ𝑇𝑒 =
1

𝜀
𝑇ℎ𝑖 − 𝑇ℎ𝑒 − 𝐶 𝑇ℎ𝑖 − 𝑇ℎ𝑒 − 𝑇ℎ𝑖 − 𝑇ℎ𝑒

= 𝑇ℎ𝑖 − 𝑇ℎ𝑒
1

𝜀
− 𝐶 − 1

𝐻𝑒𝑎𝑡 𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝑒𝑞𝑛 𝑓𝑜𝑟 ℎ𝑜𝑡 𝑓𝑙𝑢𝑖𝑑,

𝑚𝐶𝑝Δ𝑇 ℎ
= 𝑈. 𝐴. Δ𝑇𝑚 = 𝑄

𝐦𝐂𝐩 𝐡
𝐓𝐡𝐢 − 𝐓𝐡𝐞 = 𝐔.𝐀.

𝚫𝐓𝐢 − 𝚫𝐓𝐞

𝐥𝐧
𝚫𝐓𝐢
𝚫𝐓𝐞
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NTU-Effectiveness Method for Parallel Flow HE

𝑚𝐶𝑝 ℎ
𝑇ℎ𝑖 − 𝑇ℎ𝑒 = 𝑈. 𝐴.

Δ𝑇𝑖 − Δ𝑇𝑒

ln
Δ𝑇𝑖
Δ𝑇𝑒

𝑇ℎ𝑖 − 𝑇ℎ𝑒

ln
Δ𝑇𝑖
Δ𝑇𝑒

Δ𝑇𝑖 − Δ𝑇𝑒
=

𝑈. 𝐴

𝑚𝐶𝑝 ℎ

= 𝑁𝑇𝑈

𝑆𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 Δ𝑇𝑖 & Δ𝑇𝑒
𝑖𝑛 𝑎𝑏𝑜𝑣𝑒 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛, 𝑤𝑒 ℎ𝑎𝑣𝑒;
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NTU-Effectiveness Method for Parallel Flow HE

𝑁𝑇𝑈 =

𝑇ℎ𝑖 − 𝑇ℎ𝑒 ln

𝑇ℎ𝑖 − 𝑇ℎ𝑒
𝜀

𝑇ℎ𝑖 − 𝑇ℎ𝑒
1
𝜀 − 𝐶 − 1

𝑇ℎ𝑖 − 𝑇ℎ𝑒
𝜀 − 𝑇ℎ𝑖 − 𝑇ℎ𝑒

1
𝜀 − 𝐶 − 1

𝑁𝑇𝑈 =

𝑇ℎ𝑖 − 𝑇ℎ𝑒 ln
ൗ1 𝜀

ൗ1 𝜀 − 𝐶 − 1

𝑇ℎ𝑖 − 𝑇ℎ𝑒
1
𝜀
− ൗ1 𝜀 − 𝐶 − 1
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NTU-Effectiveness Method for Parallel Flow HE

𝑁𝑇𝑈 =
ln

1
1 − 𝐶𝜀 − 𝜀

1
𝜀
−
1
𝜀
+ 𝐶 + 1

𝑂𝑅

𝑁𝑇𝑈(1 + 𝐶) = ln
1

1 − 𝐶𝜀 − 𝜀
⇒

1

1 − 𝐶𝜀 − 𝜀
= 𝑒𝑁𝑇𝑈(1+𝐶)

∴ 1 − 𝐶𝜀 − 𝜀 = 𝑒−(1+𝐶)𝑁𝑇𝑈 ⇒ 𝜀(1 + 𝐶) = 1 − 𝑒−(1+𝐶)𝑁𝑇𝑈

𝐻𝑒𝑛𝑐𝑒 𝜀 =
1 − 𝑒−(1+𝐶)𝑁𝑇𝑈

1 + 𝐶
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NTU-Effectiveness Method For Counter Flow HE

•Let (mCp)h < (mCp)c

𝐻𝑒𝑛𝑐𝑒 𝐶 =
𝑚𝐶𝑝 ℎ

𝑚𝐶𝑝 𝑐

•Since (mCp)h(Thi-The)=(mCp)c(Tce-Tci)

∴
(𝑚𝐶𝑝)ℎ
(𝑚𝐶𝑝)𝑐

=
𝑇𝑐𝑒 − 𝑇𝑐𝑖
𝑇ℎ𝑖 − 𝑇ℎ𝑒

= 𝐶. . . . . . . (1)

𝐴𝑛𝑑 𝜀 =
(𝑚𝐶𝑝)ℎ(𝑇ℎ𝑖 − 𝑇ℎ𝑒)

(𝑚𝐶𝑝)ℎ(𝑇ℎ𝑖 − 𝑇𝑐𝑖)
=
𝑇ℎ𝑖 − 𝑇ℎ𝑒
𝑇ℎ𝑖 − 𝑇𝑐𝑖

. . . . . . . . (2)
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NTU-Effectiveness Method for Counter Flow HE

Let us obtain Tci & Tce in terms of Thi & The :

From eqn …(2), we have,

𝑇ℎ𝑖 − 𝑇𝑐𝑖 =
𝑇ℎ𝑖
𝜀
−
𝑇ℎ𝑒
𝜀

⇒ 𝑇𝑐𝑖 = 𝑇ℎ𝑖 −
𝑇ℎ𝑖
𝜀
+
𝑇ℎ𝑒
𝜀
. . . . . . . . . (3)

And from eqn…(1), we have, 𝑇𝑐𝑒 − 𝑇𝑐𝑖 = 𝐶. 𝑇ℎ𝑖 − 𝐶. 𝑇ℎ𝑒

∴ 𝑇𝑐𝑒 = 𝑇𝑐𝑖 + 𝐶. 𝑇ℎ𝑖 − 𝐶. 𝑇ℎ𝑒

𝑃𝑢𝑡𝑡𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑇𝑐𝑖 𝑓𝑟𝑜𝑚 𝑒𝑞𝑛. . . (3)

𝑇𝑐𝑒 = 𝑇ℎ𝑖 −
𝑇ℎ𝑖
𝜀
+
𝑇ℎ𝑒
𝜀

+ 𝐶. 𝑇ℎ𝑖 − 𝐶. 𝑇ℎ𝑒 . . . . . . . (4)
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NTU-Effectiveness Method for Counter Flow HE

𝐻𝑒𝑟𝑒 ⥂ Δ𝑇𝑖 = 𝑇ℎ𝑖 − 𝑇𝑐𝑒; 𝑂𝑛𝑠𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔𝑓𝑟𝑜𝑚 𝑒𝑞𝑛(4), 𝑤𝑒ℎ𝑎𝑣𝑒

Δ𝑇𝑖 = 𝑇ℎ𝑖 − 𝑇ℎ𝑖 +
𝑇ℎ𝑖
𝜀
−
𝑇ℎ𝑒
𝜀

− 𝐶𝑇ℎ𝑖 + 𝐶𝑇ℎ𝑒

=
𝑇ℎ𝑖 − 𝑇ℎ𝑒

𝜀
− 𝐶(𝑇ℎ𝑖 − 𝑇ℎ𝑒)

= (𝑇ℎ𝑖 − 𝑇ℎ𝑒)
1

𝜀
− 𝐶 . . . . . . . . . . . . . (5)

𝐴𝑛𝑑 Δ𝑇𝑒 = 𝑇ℎ𝑒 − 𝑇𝑐𝑖

𝑆𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔 𝑇𝑐𝑖 𝑓𝑟𝑜𝑚 𝑒𝑞𝑛. . . (3), 𝑤𝑒 ℎ𝑎𝑣𝑒,

Δ𝑇𝑒 = 𝑇ℎ𝑒 − 𝑇ℎ𝑖 +
𝑇ℎ𝑖
𝜀
−
𝑇ℎ𝑒
𝜀

=
𝑇ℎ𝑖 − 𝑇ℎ𝑒

𝜀
− 𝑇ℎ𝑖 − 𝑇ℎ𝑒

Δ𝑇𝑒 = 𝑇ℎ𝑖 − 𝑇ℎ𝑒
1

𝜀
− 1 . . . . . . . (6)
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𝐻𝑒𝑎𝑡 𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝑒𝑞𝑛 𝑓𝑜𝑟 ℎ𝑜𝑡 𝑓𝑙𝑢𝑖𝑑,

𝑚𝐶𝑝Δ𝑇 ℎ
= 𝑈. 𝐴. Δ𝑇𝑚 = 𝑄

𝑚𝐶𝑝 ℎ
𝑇ℎ𝑖 − 𝑇ℎ𝑒 = 𝑈. 𝐴.

Δ𝑇𝑖 − Δ𝑇𝑒

ln
Δ𝑇𝑖
Δ𝑇𝑒

NTU-Effectiveness Method for Counter Flow HE

𝑇ℎ𝑖 − 𝑇ℎ𝑒

ln
Δ𝑇𝑖
Δ𝑇𝑒

Δ𝑇𝑖 − Δ𝑇𝑒
=

𝑈. 𝐴

𝑚𝐶𝑝 ℎ

= 𝑁𝑇𝑈
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NTU-Effectiveness Method for Parallel Flow HE

𝑁𝑇𝑈 =

𝑇ℎ𝑖 − 𝑇ℎ𝑒 ln
𝑇ℎ𝑖 − 𝑇ℎ𝑒

1
𝜀
− 𝐶

𝑇ℎ𝑖 − 𝑇ℎ𝑒
1
𝜀
− 1

𝑇ℎ𝑖 − 𝑇ℎ𝑒
1
𝜀
− 𝐶 − 𝑇ℎ𝑖 − 𝑇ℎ𝑒

1
𝜀
− 1

𝑆𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 Δ𝑇𝑖 & Δ𝑇𝑒
𝑖𝑛 𝑎𝑏𝑜𝑣𝑒 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛, 𝑤𝑒 ℎ𝑎𝑣𝑒;
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NTU-Effectiveness Method for Parallel Flow HE

𝑁𝑇𝑈 =

ln
ൗ1 𝜀 − 𝐶

ൗ1 𝜀 − 1
1
𝜀 − 𝐶 −

1
𝜀 + 1

=
ln

1 − 𝜀𝐶
1 − 𝜀

1 − 𝐶

𝑂𝑅 ln
1 − 𝜀𝐶

1 − 𝜀
= 1 − 𝐶 𝑁𝑇𝑈

𝑂𝑅
1 − 𝜀𝐶

1 − 𝜀
= 𝑒 1−𝐶 𝑁𝑇𝑈
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NTU-Effectiveness Method for Counter Flow HE

𝑂𝑅
1 − 𝜀𝐶

1 − 𝜀
= 𝑒 1−𝐶 𝑁𝑇𝑈 ⇒

1 − 𝜀

1 − 𝜀𝐶
= 𝑒− 1−𝐶 𝑁𝑇𝑈

𝑂𝑅 1 − 𝜀 = 1 − 𝜀𝐶 . 𝑒− 1−𝐶 𝑁𝑇𝑈

= 𝑒− 1−𝐶 𝑁𝑇𝑈 − 𝜀𝐶𝑒− 1−𝐶 𝑁𝑇𝑈

𝑂𝑅 1 − 𝑒− 1−𝐶 𝑁𝑇𝑈 = 𝜀 − 𝜀. 𝐶. 𝑒− 1−𝐶 𝑁𝑇𝑈

= 𝜀 1 − 𝐶. 𝑒− 1−𝐶 𝑁𝑇𝑈

∴ 𝜀 =
1 − 𝑒− 1−𝐶 𝑁𝑇𝑈

1 − 𝐶𝑒− 1−𝐶 𝑁𝑇𝑈
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Cross Flow Heat Exchangers

NTU

ε

1.0

0.8

0.6

0.4

0.2

1           2           3           4          5         6

C=0

C=0.25

C=0.75
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Special Cases

Case-I: C=1  & Counter Flow Arrangement ; 
i.e heat capacity is same for both fluids

𝑃𝑢𝑡𝑡𝑖𝑛𝑔 𝐶 = 1 𝑖𝑛 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛

𝜀 =
1 − 𝑒− 1−𝐶 𝑁𝑇𝑈

1 − 𝐶. 𝑒− 1−𝐶 𝑁𝑇𝑈
, 𝑤𝑒 𝑔𝑒𝑡

0

0
⇒ 𝐼𝑛 ⥂ det ⥂𝑒𝑟 ⥂ min ⥂𝑎𝑡𝑒

𝐻𝑒𝑛𝑐𝑒 𝑏𝑦 𝑎𝑝𝑝𝑙𝑦𝑖𝑛𝑔 𝐿′ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙′ ⥂ 𝑠 𝑅𝑢𝑙𝑒,

𝑊𝑒 𝑔𝑒𝑡 𝜀 =
𝑁𝑇𝑈

1 + 𝑁𝑇𝑈
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Special Cases

Case-II: C=0  (Condensers & Evaporators)

• When any of the two fluids changes its phase, its temp 
remains same; hence its heat capacity can be assumed as ∞.

• So, in case of condensers……..(mCp)h=∞ ; i,e (Thi - The)=0

• And, In case of Evaporator…….(mCp)c=∞; i.e (Tce-Tci)=0

• Therefore, in both the cases,

𝜀 = 1 − 𝑒−𝑁𝑇𝑈

• In such cases, flow direction of fluids is immaterial

• For Condenser…..(mλ)h=(mCp)c •For Evaporator…..(mλ)c=(mCp)h
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