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Introduction

HEAT CONDUCTION

• Occurs in solids and stationary 

fluids (liquids and gases)

• Fourier’s law of conduction:

Where,

ሶ𝑄 = heat transfer rate [W]

A = area perpendicular to the heat flow 

direction [m2]

dT/dx = temperature gradient along 

heat flow direction [K/m]

k = thermal conductivity of the medium 

[W/m·K]

ሶ𝑸 = −𝒌𝑨
𝒅𝑻

𝒅𝒙

HEAT CONVECTION

• Transfer of heat through bulk 

motion of the fluid

• Newton’s law of cooling:

Where,

• h = (convective) heat transfer 

coefficient  (W/m2·K)

• A = area through which heat is 

transferred [m2]

• ΔT = temperature difference between 

bulk fluid temperature and surface 

temperature

A

L

x

ሶ𝑄

k

ሶ𝑸 = 𝒉𝑨 𝑻𝒔 − 𝑻∞
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Introduction
HEAT CONDUCTION

ሶ𝑸 = −𝒌𝑨
𝒅𝑻

𝒅𝒙

HEAT CONVECTION

A

L

x

ሶ𝑄

k

𝑅 =
𝐿

𝑘𝐴
ΤK W

𝐿

𝑘𝐴

ሶ𝑄 =
Δ𝑇

𝑅

Thermal conduction resistance

𝑅 =
1

ℎ𝐴

1

ℎ𝐴

Thermal convective resistance

ሶ𝑄 =
Δ𝑇

𝑅

ሶ𝑸 = 𝒉𝑨 𝑻𝒔 − 𝑻∞
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Introduction

HEAT CONVECTION

ሶ𝑸 = 𝒉𝑨 𝑻𝒔 − 𝑻∞

ሶ𝑞𝑠 = ℎ𝑥 𝑇𝑠 − 𝑇𝑚

hx the local heat transfer coefficient

Note that Tm of fluid flowing in a tube 

must change during heating/cooling.

Constant 

heat flux

Constant 

surface 

temperature

Internal flow

External flow
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Introduction

Temperature of the fluid along the pipe varies exponentially with the length:

Log mean temperature difference (∆𝑻𝑰𝒏) is the exact representation

of the “average temperature difference” in the pipe between the fluid

and surface, and used for calculating total convective heat transfer:

Where,

Δ𝑇𝑙𝑛 =
𝑇𝑠 − 𝑇𝑒 − 𝑇𝑠 − 𝑇𝑖

ln 𝑇𝑠 − 𝑇𝑒 / 𝑇𝑠 − 𝑇𝑖

Decays exponentially in 

the flow direction

Log Mean Temperature Difference
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Heat exchanger
• Devices which facilitate exchange of heat between 2 fluids 

that are at different temperatures

• Fluids do not mix (unlike mixing chambers)

• Applications: Heater, Aircon, power plants etc.

Double-pipe 

heat exchanger
Cross-flow 

heat exchanger

Shell-and-tube 

heat exchanger
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Heat exchanger
-Large temperature differences at the 

ends cause large thermal stresses

-Outlet temperature of the cold fluid 

will never exceed the lowest 

temperature of the hot fluid

-More uniform temperature 

differences 

• minimizes thermal stresses 

• more uniform rate of heat transfer

-Outlet temperature of cold fluid can 

approach the highest temperature of 

hot fluid (inlet temperature)
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Heat exchanger (lab manual)
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Heat exchanger (lab manual)
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Heat exchanger (lab manual)

Parallel flow
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Setup

Entire heat exchanger

(Parallel flow)
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Heat exchanger (lab manual)
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Setup

Hot pipe (only)

=
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Heat exchanger (lab manual)

hc
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Setup

Cold pipe (only)

=
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Heat exchanger (lab manual)
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Setup

Entire heat exchanger

(Parallel flow)
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Objectives

• To compare the thermal performance of a 

concentric tube heat exchanger in parallel and 

counter flow.

• To determine the effect of fluid velocity on the 

convective heat transfer coefficients (hh,hc), and 

overall heat transfer coefficient (U) for counter

flow.
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Log sheet
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Log sheet

• Sample calculations


