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Types of flow arrangement

• 1. Parallel flow heat exchanger

• 2. Counter-flow heat exchanger

• 3. Cross-flow heat exchanger



Parallel flow heat exchanger

• The two fluids enter the heat exchanger at the 
same end,

• and travel in parallel to one another to the 
other side.



Parallel flow heat exchanger

Parallel Flow

Single Pass tube side

Single Pass shell side

1-1 shell and tube heat exchanger



Counter-flow heat exchanger

• 1. The fluids enter the exchanger from 
opposite ends.

• 2. The counter current design is the most 
efficient,

• Because it can transfer the most heat due to 
the fact that the average temperature 
difference along any unit length is greater.





Counter-flow heat exchanger

Countercurrent flow

Double Pass tube side

Double Pass shell side

2-2 shell and tube heat exchanger



Cross-flow heat exchanger

• the fluids travel roughly perpendicular to one 
another through the exchanger.



Cross-flow heat exchanger

Cross flow

Double Pass tube side

Single pass shell side

1-2 shell and tube heat exchanger



Seat work 1

1. How many tube 
pass?

2. How many shell 
pass?

3. This is a __-__shell 
and tube heat 
exchanger.

4. What is the flow 
arrangement?



Plate Heat exchanger



Plate Heat exchanger



Plate Heat exchanger



Fourier’s Law (Heat Conduction)

Where q is rate of heat transfer
A is area
T is temperature
k is thermal conductivity

n is distance measured normal to the surface
or thickness.



Newton’s Law (Heat Convection)

Where h is the heat transfer coefficient



Double-pipe heat exchanger



Double-pipe heat exchanger



Double-pipe heat exchanger



Design equation for double pipe heat 
exchanger

q = U A ∆TLMTD

Where:

LMTD stands for log mean temperature 

difference.



∆TLMTD



Sample Problem 1

Approximate the double pipe heat exchanger 
tube area needed to heat coconut oil from 30°C 
to 70°C flowing at 100 kg/s. Assume that the 
overall heat transfer coefficient is 405 
W/m2.°C. The heating water enters the heat 
exchanger in the other side of the heat 
exchanger (counter-current) at 100°C and exits 
at 80°C. Assume that coconut oil has a specific 
heat of 3.8 J/g°C. What are the “approach”? 
Calculate the heating and cooling range?



Sample problem 2

A heat exchanger is required to heat 
continuously 20 kg/s of coconut oil from 30°C to 
80°C by means of 25 kg/s of hot water, inlet 
temperature of 90°C. Assuming a constant 
overall heat transfer coefficient of 2 kW/m2-K, 
calculate the total surface area required in a 
counterflow double pipe heat exchanger . 
Cpwater = 4.18kJ/kg-K Cpcoconutoil = 3.8 
kJ/kg-K. 



SEAT WORK 1

Approximate the heat exchanger tube area 
needed to heat coconut oil from 30°C to 70°C 
flowing at 100 kg/s. Assume that the overall 
heat transfer coefficient is 405 W/m2.°C. The 
heating water enters the heat exchanger at 
the same side of the heat exchanger (parallel 
flow) at 100°C and exits at 80°C. Assume that 
coconut oil has a specific heat of 3.8 J/g°C. 



Converting heat exchanger area to 
pipe/tube dimensions

• Calculate the area of 20 pcs of 1/2 in outer 
diameter with BWG gage 20 and 20 ft long.

• P11-42 Perry 8th ed

• Table 11-12





Overall heat transfer coefficient(Uo)

Do is the outside diameter of the pipe
Di is the inside diameter of the pipe
DL is the log mean of diameter
ho is the heat transfer coefficient on the outside of the 
pipe
hi is the heat transfer coefficient on the inside of the pipe
km is the thermal conductivity of the tube
xw is the thickness of the tube



U and Fouling factors 

hdi and hdo are heat transfer coefficients for dirt and 
scales(fouling factors) inside and outside of tubes. Perry 
p.11-4



P.11-4 Perry 8th



Example 11.1 (Mc Cabe 5th ed.)

Methanol is flowing in the inner pipe of a 
double-pipe exchanger is cooled with water 
flowing in the jacket. The inner pipe is made 
from 1/2-in BWG 20. The thermal conductivity 
of steel is 26 Btu/ft.h.°F. The heat transfer 
coefficient for methanol is 180 Btu/ft2.h.°F
and for water, 300 Btu/ft2.h.°F.

What is the overall heat transfer coefficient 
based on the outside diameter of the pipe?



Seat Work 3

Methanol is flowing in the inner pipe of a double-pipe 
exchanger is cooled with water flowing in the jacket. 
The inner pipe is made from 1/2-in BWG gage 20 pipe. 
The thermal conductivity of steel is 26 Btu/ft.h.°F. The 
heat transfer coefficient for methanol is 180 
Btu/ft2.h.°F and for water, 300 Btu/ft2.h.°F. The 
fouling factor inside and outside of the tube is 1000 
Btu/ft2.h.°F and 500 Btu/ft2.h.°F respectively.

What is the overall heat transfer coefficient based on 
the outside diameter of the pipe?



Shell and Tube Heat Exchanger 
Calculations



Shell and Tube Heat Exchanger 
Calculations

R = (T1 - T2)/(t2 - t1) and S = (t2 - t1)/(T1 - t1).



Shell and Tube Heat Exchanger 
Calculations



Geankoplis 4.9.1



Geankoplis 4.9.1

R = (T1 − T2)/(t2 − t1) and S = (t2 − t1)/(T1 − t1).



Geankoplis 4.9.1





HEAT TRANSFER BY CONDUCTION
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HEAT TRANSFER BY CONDUCTION

• Evaluation of average area, ҧ𝐴

a. For flat walls:  ҧ𝐴 = A1 = A2

b. For cylindrical walls: ഥ𝐴 = 2πxln L

where xln = 
𝑋1−𝑋2

𝑙𝑛
𝑋1

𝑋2



MRII Problem #13: Flat Walls

A furnace wall is constructed of firebrick 6 in 
thick. The temperature of the inside of the wall 
is 1300F and the temperature of the outside 
wall is 175F. If the mean thermal conductivity 
under these conditions is 0.17 BTU/h.ft.F. What 
is the rate of heat loss through 10 sq. ft. of wall 
surface?

a. 5700 BTU/h             c. 3825 BTU/h  

b. 1070 kcal/h               d. 2354 kcal/h



MRII Problem #9: Cylindrical Walls

A thick walled copper cylinder has an inside 
radius of 1 cm and an outside radius of 1.8 cm. 
The inner and outer surface temperatures are 
held at 305°C and 295°C respectively. Assume 

k = 371.9 W/m.K. Determine the heat loss per 
unit length.

a. 1 W   b. 1 kW   c. 10 W   d. 40 kW



Heat Conduction through Resistance in 
Series 

• RT = R1 + R2 … = 
∆𝑋
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MRII Problem #17: Resistance in Series

An industrial furnace wall is constructed of 0.7 ft
thick fireclay having k = 0.6 BTU/ h.ft.°F. This is 
covered on the outer surface with 0.1 ft thick 
layer of insulating material having k = 0.04 
BTU/h.ft.°F. The innermost surface is at 1800°F 
and the outermost is 100°F. Calculate the steady 
heat transfer per square foot.

a. 464 BTU/h.ft2 c. 364 BTU/h.ft2

b. 258 BTU/h-ft2 d. 554 BTU/h.ft2



Seat Work

For a furnace constructed with 0.7 ft thick of 
fireclay having k = 0.6 BTU/h.ft.°F. The innermost 
surface is maintained at 1800°F while the outer 
surface of insulating material is maintained at 
100°F. How thick must the insulator be to 
maintain a maximum allowable heat transfer 
rate of 300 BTU/h.ft2?

a. 0.30 ft b. 0.20 ft c. 0.10 ft d. 0.40 ft



Heat Exchanger Effectiveness, E

E is the ratio of actual rate of heat transfer to 
maximum heat transfer rate if the heat exchanger 
has an infinite area.

Application: Most of the time only initial 
temperatures, heat exchanger area and overall heat 
transfer coefficient are given and the final 
temperatures are unknown, thus a technique must 
be develop to predict the final temperatures.



Heat Exchanger Effectiveness, E

Oil flowing at a rate of 5.0 kg/s (Cp, mean = 2.09 
kJ/kg.K) is cooled in a counterflow heat exchanger 
from 366.5 K to 344.3 K by 2.0 kg/s of water 
(Cp,mean = 4.18 kJ/kg.K) entering at 283 K. The 
overall heat-transfer coefficient Uo is 340 W/m2.K. 
Calculate the number of transfer unit (NTU) and 
effectiveness of the exchanger. Assume F = 1. NTU is 
define as:

NTU = UoA/Cmin



Heat Exchanger Effectiveness, E

Cmin and Cmax are heat capacities.



Heat Exchanger Effectiveness, E

Q=E Cmin (THi – TCi)



Heat Exchanger Effectiveness, E





Seat work



Evaluation of Heat transfer coefficient
Dittus-Boelter equation

NPr =
𝐶𝑝𝜇

𝑘
where Cp is specific heat

μ is viscosity

k is thermal conductivity

NRe = 
𝜌𝐷𝑣

𝜇
NNu = 

ℎ𝑖𝐷

𝑘

NNu= 0.023(NRe)0.8(NPr)
0.3 for cooling or 0.4 for heating



Foust Example 15.3

A double-pipe heat exchanger is to be designed 
to cool benzene from 180°F to 100°F, under 
sufficient pressure to maintain the benzene in 
liquid phase. Water enters the annular space at 
70°F and flows countercurrent to the benzene at 
a velocity of 5 ft/s. The inside pipe is sch. 40, 1 ¼ 
in steel pipe; The outside pipe is sch. 40, 2 in 
steel pipe. How long will the heat exchanger 
should be? The mass flow rate of benzene is 
7500 lb/h. Assume delta T LMTD to be 51°F.



Friction factor in flow through 
channels of noncircular 

cross section

Hydraulic radius, rH



Circular tube



Annulus between two concentric pipes



Reynolds number for noncircular cross 
section



Sieder-Tate equation

NNu= 0.023(NRe)0.8(NPr)
1/3 ɸ

Where ɸ = (
µ

µ
𝑤

) 0.14 viscosity correction factor

Where µw is the viscosity at Tw

Tw is the wall temperature



Colburn equation

St Pr 2/3 = 
0.023 ɸ

𝑅𝑒 0.2

St is Stanton Number

St = h/CpG

G is mass velocity kg/m2.s



The Reynolds Analogy

f= 0.046 Re -0.2 eqn. 1

From Colburn equation assuming Pr = 1.0 and 

ɸ = 1.0

St = 0.023 Re -0.2 eqn. 2

Combining eqn 1 and eqn 2

St = h/cpG = f/2



MRII Reynolds Analogy Problem 

Assuming Reynolds analogy applies, estimate 
the heat transfer coefficient in Btu/hr-ft2-F, for 
water flowing inside a 2.0 in ID smooth 
horizontal straight pipe at a velocity of 4 fps and 
an average temperature of 78F.

a.1790   b. 2000     c. 2910    d. 2240




