Heat Transfer chemical and petroleum eng

Heat Exchangers

A heat exchanger is any device that affects the transfer of thermal energy from one fluid to
another.

Types of Heat Exchangers

Heat exchangers are typically classified according to flow arrangement and types of
construction.

According to flow arrangement:

1) Co-Current flow H.E, 2) Counter-Current flow H.E, 3) Cross flow H.E.
Common H.E according to types of construction:

1) Shell and tube heat exchange Shell.side

fluid inlet

Tubeside
fluid outlet

Tube side
fluid inlet

Shellside fluid outlet

2) Plate heat exchanger

3) Cross flow heat exchanger
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The study of the H.E aimed to calculate the required surface area for the heat transfer process.

Heat Transfer Calculation

g = UA ATyverall
U is the overall heat-transfer coefficient.

For plane wall:
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For cylindrical wall:
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Log Mean Temperature Difference (LMTD)

For H.E shown,
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The average temperature difference is called the Log-Mean Temperature Difference (LMTD),
which can be defined as
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In order to prove that,
r
7 dg =UdA(T,—T,)

g=UA AT, [10-5]

The heat transferred through an element of area d4 may be written
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dg = —rpepdTy =1 cc.dT, [10-6]

where the subscripts s and ¢ designate the hot and cold fluids, respectively. The heat transfer
could also be expressed

dg=U(T, — T.)dA [10-7]
From Equation (10-6)
i1, = =%
mpcy
a7, = -

o,

where i represents the mass-flow rate and ¢ is the specific heat of the fluid. Thus

| |
ATy —dT. = d(Ty — T.) = —dg ( 1 ) [10-8]
MpCh MmeqCe

Solving for dg from Equation (10-7) and substituting into Equation (10-8) gives

Ty, — T ] l
a1 __y ( 4 )cm [10-9]
Iy —1T. Mmucy  MeCe

This differential equation may now be integrated between conditions 1 and 2 as indicated
in Figure 10-7. The result is

Thr—T. 1 |
Inu=—UA(_ 1 - ) [10-10]
T — T Mucr  MeCe

Returning to Equation (10-6), the products m.c. and m ey, may be expressed i terms of the
total heat transfer g and the overall temperature differences of the hot and cold fluids. Thus

MpCh = —————
Th1 — Th2

q

teCe =
T =T

Substituting these relations into Equation (10-10) gives

q:{:‘rA (Th2 — Tea) — (T — T1) [Iﬂ-ll]
In[(Th2 — T2) /(T — T

Comparing Equation (10-11) with Equation (10-5), we find that the mean temperature dif-
ference is the grouping of terms in the brackets, Thus
Tya —T2)— (T — T,
AT, — (Tha2 2) — (Thy 1) [10-12]
In[(Th2 — T2}/ (Thy — Te1)]

This temperature difference is called the log mean temperature difference (LMTD).



