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Chapter (1-2)

Introduction

Heat Transfer:- is that science which seeks in the energy transfer between material bodies as a result of a
temperature difference and to predict the rate at which the energy transfer will take place . heat is transferred

from high temperature body to low temperature body .

Heat:- is the form of energy that can be transferred from one system to another as a result of temperature

difference.

Temperature:- is the measure of the amount of molecular energy contained in a substance .

Heat transfer: The science that deals with the determination of the rates of energy transfers as a heat form.
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Fig (1-1) Heat flows in the direction of
decreasing temperature

Methods of Heat Transfer: - Heat transfer takes place in three ways:

1- Conduction.
2- Convection.
3- Radiation.
The conduction and radiation methods are a basic ways i.e. Each of them can be take place alone but

convection is mixture between conduction and radiation.




Thermal Conductivity (K): -

is the rate of heat transfer through a unit thickness of the material per unit area per unit temperature difference.

It can be classified into three categories.

a- If the value of (K) is high , this material used for places which needs to transfer high amount of heat
( Condenser, evaporator, Radiator) .

b- If the value of (K) about (1w/m.k) like the materials which used in building brick (0.75), juss
(0.6 - 0.7), concrete (0.8 - 1).

c- If the value of (K) is low these materials called insulation+ material ex glass wool (0.01 w/m.k) .

Table (1-1) The thermal conductivities of some materials at
room temperature

Material Thermal conductivity (w/m.°C)
Diamond 2300
Silver 429
Copper 401
Gold 317
Aluminum 237
Iron 80.2
Mercury (1) 8.54
Glass 0.78
Brick 0.72
Water(l) 0.613
Wood 0.17
Helium(g) 0.152
Glass fiber 0.043
Air (g) 0.026

Heat and other forms of energy : -

Energy can exist in numerous forms such as thermal, mechanical, kinetic, potential, electrical, magnetic,
chemical, the unit of energy is joule (J) or kilojoule (1 kJ =1000 J). In the English system, the unit of energy is
the British thermal unit (Btu). Another unit of energy is the calorie (1 cal =4.1868 J).

Calorie:- the energy needed to raise the temperature of (1 gram )of water at (14.5°C) by (1°C).




Thermal Diffusivity: -

The product p.Cp , which is means how much energy stored in material per unit volume.

k 2
a=—(Mm/s).
o (m?/s)
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1- Conduction Heat Transfer: -

Conduction is an exchange in energy from the high temperature particles of the body to low temperature
particles in the same body.The basic law in conduction heat transfer is called (Fourier's law) which is states
that:

AT
q=-KA—

(q) = Heat transfer rate (watt) w.
(K) = Thermal conductivity (W/m.°C) .
(AT) = Temperature difference (K).

(AX) = Thickness (m).




The rate of heat conduction through a medium depends on the thickness (Ax), and the material(k), as well as

the temperature difference(AT) across the medium.

Consider steady heat conduction through a large plane wall of thickness

AXx (or L) and area A, as shown in Figure below

fP—Ax —
Of)b——x

Fig(1-3) In heat conduction analysis ,A, represent
the area normal to the direction of heat transfer

Fig (1-2) Heat Conduction through a large
plane wall of thickness AX and area A.
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1-The Plane Wall: -

First consider the plane wall where a direct application of Fourier’s law may be made Integration yields.

T
_ KAAT
q= AX ¢
o — Y
y A
— Z —=f *

Fig (1- 4) Plane Wall

Example: - The roof of an electrically heated home is 6 m long, 8 m wide, and 0.25 m thick, and is made of

a flat layer of concrete whose thermal conductivity is k = 0.8 W/m -°C (Fig. 1- 4). The temperatures of the

inner and the outer surfaces of the roof one night are measured to be 15°C and 4°C, respectively, for a period

of 10 hours. Determine the rate of heat loss through the roof that night ?

Concrete roof
Sm \

Solution: -
The area of the roof is A = 6 m x8 m = 48 m?, the rate of heat transfer (Q) through the roof is determined by:

q=-KAT ~ A=6mx8m=48m’ AX=025m K=0.8W/m °C

4-1
+q=—(08) x 482 =1690w, 1.69 kw




Example:- if the heat loss per unit area of a furnace wall (36 cm) is (0.5 kw/m?) .calculate the outside

surface temp of the wall if the inside temp is (230 °C ) and the thermal conductivity is (0.9 w/m. °C).

Solution: -

36

0.5 kw/m? = 0.5 x 1000 = 500 w/m? Ax =36 cm »—=— = 0.36m

QA= KE =500 = 0.9 X = > AT = 200°C = AT =Ty — Toye - 200 = 230 — Ty,

Tpue = 30°C

Example:- if (3kw) of heat is conducted through a section of insulating material with (0.6 m?) cross section
area and (2.5 cm ) thick and (0.2 w/m. °C') thermal conductivity . compute the temperature difference a cross

the material?

Solution: -
q = 3kw —> 3000w AX=2.5cm —> AX = 0.025m

ka 2T 3000 = 0.2x0.6x — AT= 625°C
= JE— = X X — = 0
d AX 0025 T

H.M: - One face of Copper plate (K=370 W/m. °C). 3cm thick is maintained at (400 °C) and the other face is

maintained at (100 °C). How much heat is transferred through the plate per unit area?




2-The Composite Plane Wall: -
Consider the Composite plane wall and electrical analog as shown in the fig (1-5).

s
\ A
Temperature
T~ <l profile 1
g \< g Ry Rg Re
A B C d Axa n Axp 5 axc T
kA kgA kcA
3
1 2 3 4

Fig (1-5) Composite plane wall

The temperature gradients in the three materials are shown, and the heat flow may be written:

(T,-Ty) (T5-Ty) (T4-T3)
Sl KgA — KA
B AXg N AXc

Solving these three equations simultaneously, the heat flow is written:

_ (Tin_TOUt) L AToverall
q AX, , AX  AXc —> | " 3R,
KA KA KA

Example: -

A house wall consists of an outer layer of common brick (10cm) thick, (K=0.69 W/m.°C) followed. by a
(1.25cm) layer of Celotex sheathing (K=0.048 W/m.°C) . A (1.25cm) layer of sheetrock (K=0.744 W/m.°C)
forms the inner surface. And the outside brick temperature is (5°C) the inner wall surface is maintained at

(20°C). What is the rate of heat loss per unit area of wall?
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Solution: -

X;= (0.1m) k = (0.69 W/m.°C) T.= (20°C)
X, = (0.0125m) k = (0.048 W/m.°C) T,= (5°C)
X3 = (0.0125m) k = (0.744 W/m.°C)

4_,

- ="

— (Tin -Tout) q (20 -5) W
/A= 55 a5 = - o s oo - (35.714) (=)
kg ko k3 0.69  0.048  0.744

Example: -

Reactor wall consist of three layers, first layer thickness is (225 mm) of fire brick and second layers' thickness
is (120 mm) of insulating brick, and third layers' thickness is (225mm) Of building brick and the inside and
outside surface temperature of the wall are (1200 k and 330 k) respectively. If the thermal conductivity for

three layers are (1.4,0.2 and 0.7 w/m.k) respectively . Calculate: -

1- The heat loss per (Im?).

2- The contact temperature.

Solution: -
AX;= (0.225m), AX,=(0.12m), AX3= (0.225m)

k= (1.4 wim. K), ko = (0.2w/m. k), ks= (0.7w/m. K)

SAT  TipTow _  1200-330
1-q=A yAX TN A AT 025, 012 025 (804.810 w)
K K|A KyA KzA  Laxl 02x1 0.7x1

1200 - T,
0.225

AT
2- q=K A~ —— 804.810=1.4x1 —— T,=(1071K)
1




Example: -

A furnace wall consist of three layers the first (0.09 m) thick of fire brick the second is (0.06 m) thick of
insulating brick and third layer is ( 0.04 m) of building brick .the thermal conductivity are ( 1, 0.08 ,0.07 )
(w/m.K) respectively and the inside and outside temperature are (1250 , 300) k Calculate ?

1- The amount of heat loss per meter squire of furnace ?

2- The contact temperature between the layers ?

Solution: -
AT T; —T. 1250—-300
q = overall = iX1 lAX24 AX3 - q/A = 309 006 002 - q/A - 673281 W/rn2
YRy =Ll ~c2 4 o03 e R
K1A KA K3A 1 0.08  0.07
T,-T 1250- T
9, =g, —2 673.281 = 1x 2 T,=1189 K
/a=Ki AX, 0.09 2
/A=K I Ty 673.281=0.08 x 10013 T,= 684K
= = X O =
q 2Ax, 0 ' 006 "3

H.M: -Two layers of rectors wall (0.2m) thick and (5.9 w/m. k) of inside layer (0.1m) thick and (0.5 w/m. k)
of outside layer. The temperature of inside and outside surface is (900 k and 325k) respectively. Calculation
the lose heat per hour through (10 m?), surface area of wall, and estimate the interface temperature?




1- Cylindrical walls: -

Consider along cylinder of inside radius (r;), outside radius (r,) and length (L) such as the one shown in

the following fig.

>

‘ L
L7

q

_
T; T,
<O AN ©

In(r_J/r;)
™" S akL

Fig (2-3) One dimensional heat flow through a hollow

A, =2nrL

So that Fourier's Law is written: -

_ Ti'To
- ro
In(37)
2mKL

q

and the thermal resistance in this case is: -

ro
Iz

R, =
th = 2nKL
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4- Composite cylindrical wall:-

In(ry/ry) In(ry/r>) In(ry/r3)
2k L kgl koL

Fig (2-4) One dimensional heat through multiple cylindrical sections and electrical
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Ti-To Ti-T,
q=
In(2) In(2) In(3) Y Rin
i 1 2
2nK,L T 20K, T 2kl

Example: -

Calculate the heat loss of tube if L= (10 m) and inside diameter (6 cm), shell of insulating thickness is (5 cm)
and thermal conductivity coefficient k = (0.055 w/m. k), The inside and outside surface temperature for

insulating are (467 k and 299 k) respectively?
Solution: -
L = (10 m), k = (0.055 w/m. k), d1= (6 cm), r;= (0.03 m), thi = (5 cm), r, = (0.03 + 0.05 = 0.08m)

Ti=(467K), To=(299k) =2

11




q= Ti-To ~_ (467-299) p——
InG2) - In(3-08, q
2TKL 21(0.055x10)
Example: -

A thick — walled tube of stainless steel (K= 19 W/m.°C ) with (2 cm inside diameter and outer diameter is
(4cm)), is covered with a (3cm) layer of asbestos insulation (K = 0.2 W/m. °C) . If the inside wall temperature
of the pipe is maintained at (T; = 600°C) and the outside of the insulation at (T, = 100°C) . Calculate the heat

loss per meter of length?

Solution: -

Stainless steel

K1 = (19 w/m.°C) , K, = (0.2 w/m.°C) 7, =600°C
d; =(2cm), r; = (0.01 m)

d> = (4 cm), r, = (0.02 m)

f3 =1, +0.03m — 3= (0.05 m) SRS

7, = 100°C
Ti =(600°C) , T, =(100 °C) . 7 -
1 2
O—AMNWN—O— AWWN—O
In (r,/7}) In (r5/75)
2rk L 2rck, L

q (Ti-To) q (600-100) q

—m——— 5 —-= —— q9_

L ln(%) ln(%) Lo % | n395) L =(680w/m)
2mkq | 2mky 2xmx(19) ' 2xmx(0.2)

HW: -

A wrought iron pipe (K =55 W/m. °C) with (r;=5.113 cm) inside radius , and ( r,= 5.715 cm) outside radius is
covered with (2.5 cm) of magnesia insulation ( K =0.071 W/m. °C) . If the inside pipe wall temperature is
maintained at (T; = 150°C) and outer insulation surface temperature is maintained at (T, = 30 °C) . Find the

heat loss per meter of pipe length? and the contact temperature between layers (T,)?

12




Solution: -
Iron

Ti= 150
Ki= (55 W/m.°C ) , Ko= (0.071W/m. °C) <A

r,=(0.05113 m), r, = (0.05715 m) ‘%‘

r;=ry +0.025m — r; =(0.08215 m)
Magnesia

Ti=(150°C) , T,=(30°C) To,=30°C
T, 7,
O NMAN—O ANN—O

In (ry/7)) In (3/75)

2wk L 2rk, L
T;—T 150-30 w
1- % =] 72 10T3 - % = 0.057(15 0).08215 - %= (147.5—)
nG InGo) In(Gos113), 1"Gos7is)
2nKq | 2mK> 2X3.14X55 ' 2X3.14X0.071
T, — 150 - T
7_ 0 . 2) (147.5) = 2 o T, =(149.9°C)
L In(:2) 1n(0'05715)
41 0.05113
2K, 2% 3.14 x 55

13




Chapter (3)

Convection

Heat Convection: - Convection is the mode of energy transfer between a solid surface and the liquid

or gas that is in motion.
There are two types of convection natural and force convection.

Forced convection if the fluid is forced to flow over the surface by external means such as a fan, pump, or the
wind. natural (or free) convection if the fluid motion is caused by buoyancy forces by density differences due

to the variation of temperature in the fluid.

g=hA(Ts-To)....... (Newton's Law)

Where: -

(h) = Convection heat transfer coefficient (W/m?. °C).
(A) = Surface area (m?).

(Ts) = Surface temperature (°C) or (K).

(Too) = Fluid temperature (°C) or (K) .

[ Convection ]

| !

[ Free Convection ( natural) } [ Forced Convection ]

14




Film temperature: - Itis the average temperature of surface temperature & fluid temperature

T i Tsurface—FTﬂuid

Film layer: - Itis thin fluid layer palpation the surface.
There are two general types of fluid in pipes: -

Laminar flow (viscosity flow): - Where the fluid particles, flow in stream line parallel to the axis at the
pipe. Show fig (3-1(a)).

-
—
-
-
— -
-
-

Fig (3-1a) Laminar flow

Turbulent flow: - The fluid particles flow in stream line parallel to the pipe axis but with radial Show
fig(3-1(b)).

Fig (3-1) Laminar and Turbulent Flow

15




Dime nationless group: -

1- Reynolds number: -

VxD
Re™

v

Where: -
V' = fluid velocity (m/sec).
D = pipe dimeter (m).

v = kinematic viscosity (m?/sec).

K
SV ——
Y
V><D><p
Re™
n

Where: -
p = fluid density (kg/m?).

S k
p= dynamic viscosity (ngc) .

For flow in pipes: -

The flow laminar when (Re < 2000) and the flow become Turbulent when (Re > 2000).
For flow over flat plate: -

The flow laminar when (Re < 5x 10°)

And becomes turbulent when (Re > 5 x 10°)

16




2-Prandtl Number (Pr): -

A dimensional number that links the properties of heat propagation and momentum propagation

Where: -
u = dynamic viscosity of the fluid (kg / m.sec).
C, = specific heat of the fluid (J /kg. K).

K= thermal conductivity (w / m.k).

3- Grashof number(Gr): -
The Grashof number is defined as:

 gxPx(Ts-T,, )L
_ =

G,

Where: -
g = gravity acceleration.

B = the coefficient of volume expansion
For ideal gas (B = %) Where T= absolute temperature in (1/k)

Tg = Surface temperature (K).
T,= Fluid temperature (k).

L = Characteristic dimension.

4-Nusselt Number (Nu): -

~ hD hL
Kk
Where :-
h = film coefficient (W/m?.k) . L = plate length (m) .
D = pipe diameter (m) . k = thermal conductivity of fluid (w/m.k).

17




EX (1): - Prove that (Ng.) is dime nationless group.

EX (2): - Prove that (Nyy) is dime nationless group.

W J
h.D A Kxm

Heat transfer by free convection: -

The motion of fluid particles is due to different in fluid densities (Ex: - hot air rises) The general Nusselt
Number relation of free convection

NNU =C (NGr X NPr )m

Where: -

Nyu = Nusselt number .
Ng,= Grashof number.
Np,= Prandtl number .

C & m = Constant depends on the flow type.

18




1- Vertical Plane Surfaces (Plate & Cylinder): -
Turbulent flow ( 10° < Ra < 10)

N,=0.13 (R,)"/3

Laminar flow (10* < R,< 10°%)

1
N,=0.59 (R,) /4

Rayleigh number (R,): -

-t hile @i 858k Jslaall DA (g 1) 232 sl

. Tsurface+Tﬂuid
Triim= >

Where: -
T=°C+273=K°

L3 X p? X B X AT X X C
G xP. = p°xpB g MX

i K

19
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*All properties are evaluated at film temperature :-

Tp= “2=(’C)+273=K
Z 1
) 1
T -
Ty
=—>r—>(,
— K
ﬁ P;'_
o | (GEEEE L g |
= Bt S | Koy S i B (e P e et
Vertical plates and cylinders
Laminar 10*~10° | 059 | 1/4 | 0.59 (GrPr)"
Turbulent 10°-10" | 0.13 | 1/3 | 0.13(GrPr)"”
Horizontal cylinders
Laminar 10*~10° | 053 | 1/4 | 0.53(GrPr)"
Turbulent 10°-10" | 0.13 | 1/3 | 0.13(GrPr)"”
Horizontal plates
Laminar 3 e 1/4
(heated surface up or cooled surface down) el L MG R
Turbulent " 10°-10" | 0.15 | 1/3 | 0.15(GrPr)"
(heated surface up or cooled surface down) ; :
Laminar 5 T 1/4
(heated surface down or cooled surface up) =l (037 | 1% | DEdiianky)

20




Example: -

Estimate the film coefficient for free convection from a vertical heated surface (54 cm) height at (90 °C) to still
air at (14 °C) take k of air = (0.033 w/m.k) .

Solution: -

L = (0.54 m) y K: (0.033 W/m.k) y T fluid = (14 OC) ,T surface (90 OC)

) Tsu;face—i_Tﬂ;lid o 90 + 14 o
TFilm: > = TFilm = T = TFilm: (52 C)+ 273 = (3251()

~R,=(0.758x1 09) (=Turbulent flow )

1
~N,=0.13 (0756X109) /3=> N,=(118.5) = I\Iu:h?L =h= Nlu;k

_ 118.5x0.033
0.54

h = h=(7.24)(w/m?, k).

Example: -

A vertical hot oven door (L = 0.5 m) high, Is at (200°C) and is exposed to atmospheric pressure air at (20 °C) .
Estimate the average heat transfer coefficient at the surface of the door?

Solution: -
L= (05 m) y T Surfacez (ZOOOC) y Tﬂuid = (ZOOC)

T o AT 200 + 20
Trijm=——5— facez T = Trim= (200 + 20) > ) = (110°C)

= from tables given

v=(24.1x10° M*/g) |k = (0.03194 w/m. °C) , P, = (0.704)

I | 1y
. =P o _(383.)k (ideal gas)

21




_ g B(Ts - T, )L e (9.8). (%) (200 - 20) (0.5)°

G, r 2
? (24.1x10°)

v
G, = (9.9 x10°) = R,= G, . P,=(9.9x10%)(0.704)
R,=(6.97 x10%)
(10%) e Bl L 0

~ Laminar flow

1
Ny= 059 (Ry)/4 = N,=0.59 (6.97  10°) /= (95.86)

h.L N (k 95.86)(0.03194
Ny= = = h= ( E( ) =h= ( ()(E.s) ) = (6.12)(w /m?.°C)
Example: -

A large vertical plate (4m) high is maintained at (60 °C) and exposed to atmospheric air at (10°C) . Calculate

the heat transfer if the plate is (10 m) wide

olution:- o
L = ( 4 m) ,T 5urface: (60 OC) y Tw :(lOOC) ]
T tTe (60+10) q N »
TFi]m:% = Ipjim= - -35°C  ,308K) L=4m
2

From tables give

6 2 T,.=10°C
v=[ 16.5x10° M7/ | | (K = 0.02685w/m. k), (Pr = 0.7)

N : 3.25x10°) k™!
= — = — X
p T; P= 308 & )
B.(T,-T,)L? 9.8)(3.25%107)(60 - 10)(4)°
G g.B.( - ) G (9.8)( X )4 _ (3743 x 1011

_6:2
(16.5x10)
R,=G,.P, = R,=(3.743x10'"). (0.7) = R,=(2.62x10'")=( Turbulent flow)

1
N,=0.13R,"3 = N,=(0.13)(2.62x10'") LI N,=(831.7)

_hL n= (N (K) h:(831.7)(0.02685) W

N, < = D = n =>h=(5.58)(m2.oc

)
22




q=h.A (T,- T,)) = q=(5.58) (4 x 10)(60 - 10) = q=(11160)w

H.W:-

A vertical plate ( L= 4m) high , has a surface temperature of ( 93.3 °C) . It is placed in a quiescent fluid at
(4.4 °C) . Find the free convective surface heat transfer coefficient. and how much heat is transferred through

the plate per unit area?
Solution: -

L = (4 m) ,T Surface = (933 OC) y TOO :(440C)

_ Tsurface+Tﬂuid (93.3 + 4.4) oC
Trim= > =Tpim=——"—"—"-855°C)
2

From tables give

v=| 1.781x10° m*/s | | (K = 0.0277w/m. °C) , ( P, = 0.709)

!
= — =p= —————=3.1x10)k"
=1 =P Resmrs G0

_eBCTOL L O8)(.1x107)(93.3 - 44)4)’
’ r (1.781x10°5)’

G, = (3.1 x 1019

L)
R,=G,.P, = R,=(3.1x10'%). (0.709) = R,=(2x10'")=( Turbulent flow)

1
N,=0.13R,/3 = N,=(0.13)(2x10'") LI N,=(160.048)

_hL

N, = = (N (X) h:(160.048)(0.0277)

K o 4 m

= h=(1.1083)(——)

w
ZOC

q=h. (Ty- T,,) = q = (1.1083)(93.3- 4.4) = Y/, = (98527)W/ ;.

23




2- Horizontal plates: -
Turbulent flow ( 10 < Ra < 10%)

N,=0.14 (R,)/3

Laminar flow (10° < R,< 10")

N,=0.54 (R,) /4

“t ot Baainall Al (8 3 juall mlandl (35 ) asall pedaadd) n @ilall S 1

N,=0.27R, /4 =(10°<R,<10'?)

Example: -

Calculate the heat losses for free convection from a heated square plate (18 cm ) on a side at (149°C) facing

upward to the still air of a room at (27°C) take (K =0.033 w/m.K) .
Solution: -
L= (0-18 m) » Tsurface = (149 OC) » Tfuid = (27 OC) k= (0.033 W/m.k)

TFilm:m = Trilm = (1492—-'-27) = Trim = (88 °C)
Ti= 88+273 = T; = (361k)

From chart find (Z = 38.2x 10%) = . G,.P=L*. AT .Z
R,=(0.18). (149-27).382x10° = R, = (2.72 x 107)

~Turbulent flow

1
N,=0.14 Ra1/3 = N,=(0.14)(2.72 x 107) /i N,=(42.10)

24




L hL (NDM . (42.10)(0.033)
N TE T P )

h=771(Y/ 2 )
q=h.A.AT = q=(7.71).(0.18)* . (149-27) = q = (3047) w
Example: -

A (1x 1) m? flat plate is positioned horizontally and maintained at (54°C) . The plate is exposed to air at
(1 atm) and (0°C) . Calculate the heat transfer over the first (10 cm) of the plate, and also over the entire length

of the plate for the upper facing of heated plate.

Solution: -
A= 1m? Turtace= (54°C) Thuic= (0°C)  X=10cm ~X=0.Im
Tsurfacet Tilui (54+O)
Triim= 55— =Tgim= —— = Trim= (300k) -

From tables give

Im

v=[15.69x10° m*/, | | (K = 0.02624w/m. °C) , ( P, = 0.708)

o 1 _ 1 _ -3y1.-1 X=10cn
p=1 =B=355= (107K

X=L =1m

For X=10 cm ~X=0.Im

3 107354 - 3
oo SBOCTOX L O8)3x107)(54- 0)0.1)

e e . . = (6.4 x 10%)
(15.69%10°%)

L)
R,=G,.P, = R,=(6.4 X 10°).(0.709) = R,= (4.56x10°) = ( Laminar flow)

1
N,=0.54.(R ) /4 = N,= (0.54)(4.56x10°) /- N,= (24. 953)

_hL

N,= _ND®) - (24.953)(0.0262) W

< =h ) = 01 :>h:(6'537)(—m2.°c)

q=hA (T, T,,) = q=(6.537)(1 X 0.1)(54- 0) = q = (35.259)w .
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ForX=L=1Im +L=1m

3 <1073 ) 3
G EBTTIL G- (9.8)(3x107)(54 - 0)(1)

. - — = (6.4 x 10°)
(15.69x10°°)

v
R,=G,.P, = R,= (6.4 x 10%).(0.709) = R,= (4.56x10”) =( Turbulent flow)

1
N,=0.14R,"s = N,= (0.14)(4.56x10%) /s N,=(215. 569)

_hL L NDK) (215.569)(00262) (5.6 49)(m;’voc

K O 1

Ny )

q=h.A (T,- T,,) = q=(5.649)(1 x 1)(54 - 0) = q = (305.046)w .

Example: -

A horizontal pipe of (0.3m) diameter is maintained at (250 °C) in a room of (15 °C) ambient air . Calculate

the free convection heat loss per meter of length .
Solution: -
d= (03m ) Tsurface™ (2500C) Thuia= (ISOC)

Tieet Toui 250 +15
Trilm= w = Triim= (T):TFilm: (405.5k)

From tables give
v=[26.54x10° M*/, | (K = 0.03406 w/m. °C) , ( P, = 0.687)

_ 1 _ 1 _ -351,-1
B=1. = B= 555~ @46x107Kk

_ gB(TT)d e (9.8)(2.46x107)(250 - 15)(0.3)°

Gr T
? (26.54x10°)’

=(2.1x 108
: ( )

R,=G,.P, = R,= (2.1 x 10%). (0.687) = R,= (1.49x108) =( Turbulent flow)

1
N,= 0.14.(Ra)1/4 = N,= (0.14)(1.49x10%) fa N,= (69.70)

hy.d NI _ (69.70)(0.03406) w

N,= X =hy = @ =h 4 03 = hy =(7.91)( o0

)

26




q=hgA (Ty-T,,)) = q=(7.91)(xd L)(250 - 15) = q/L = (1751)W/m .

Example: -

A (2cm ) diameter horizontal heater is maintained at a surface temperature of (38 °C) and submerge in water at

(27 °C) . Calculate the free convection heat loss per meter of length of heater .
Solution: -
k=(0.63w/m.°C) Ty pace= (38°C) Taug=(27°C) d=2cm —> d=(0.02m)

Tourtuoct To 38 +27
Triim= M =TFiim= (2—)=>TFﬂm: (305.5k)

From tables give
(K=0.63w/m.°C) , Z=2.48x10" (1/ . )

G,P=d3 AT.Z = G.p,= (0.02)%(38 — 27).(2.48 x 10'%) = G,p, = (2.18 x 10°)
R,=G,.P, = R,=(2.18x10°%) = =( Laminar flow)

Nyg=0.54.R, /4 = N = (0.54)(2.18 x 106) /4 = N,=(20.72)
~ hyd C (NDEK) ~(20.72)(0.63) B W
Nu_ e :>hd_ T — d—Tﬁ hd_(6526)(m2—0(:

< )
q=hg.A (T,- T,,.) = q/L = (652.6)(n d )(38 -27) =

q/L = (652.6)xnx(0.02)(38 - 27) = = q/L=(450.8 W/m).
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( Heat Transfer by Forced Convection )

It is the most important method of heat transfer in engineering . It is used in at most in every type of heat

exchanger for one fluid and often for both. The general expression of (Ny) in forced convection is:-
Ny=C R)"(P)"

Where:-

Ny = Nusselt nomber.

P,= Prandtl noumber.

C,m = Constant depended on the type of the flow .

n = Constant depends on the fluid if it is being heated or cooled .
a— Flow over Flat Plate :-

1- Laminar flow over flat plate : R,<5x10°

he. X

S=0332(Re) 2 (P 3

* Laminar , Local , and Ty, = Constant = Nuy =

1 1
* Laminar , Local , and q = Constant =Nux = h"I'(XZ 0.453 (Rey) /2 Py /3

_ 1 1

* Laminar , average , Ty, = Constant = Nu; = hLI'< E—0.664 (Rer) /2 (P,) /3

2-Turbulent flow over flat plate 10"> R, > 5x 10°

* _ _ he. X 0.8 1/
Turbulent, Local , Ty = Constant = Nuy = S 0.0296 (R.,) " (P,) /3

* _ _he. X 0.8 1/
Turbulent, Local , q,, = Constant = Nuy = - 1.04 (Ry) " (P,) /3
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R L
K

_ 1
* Turbulent , average , Tyy = Constant = Nuy = =0.037 (R.,)*® (P,) /3

Example: -

The local atmospheric pressure in a certain site is ( 96.25 Kpa) and the temperature is (27 °C) , and this air is
flowing over a flat plate (6 x1.2 m?) with a velocity equal to (8 m/sec) . if the surface temperature of plate is

maintained at (127 °C) . Determine the rate of heat transfer if :

1- Airis blowing parallel to (1.2m) side .
2- Air is blowing parallel to (6m) .

Solution: -

P=1(96.25Kpa) , Termee= (127°C) , Taua=(27°C) , A=(6x1.2m?) , V=(8 m/sec)

T, +T, 127+27 Air
Tf: = :>Tf:(350k)
2 2
P 96.25% 10°
from table (A-5) R =287 J/kgk 0 1.2m
n=2.075 x10° Kg/m.s
k=0.03003 w/m.°C 6m
P.=0.697
_ pVL _ (0.9582)(8)(1.2) _ 5 5 )
1- Ry = = = R = (4.43%10°) <5%10° . Laminar flow

u (2.075 x107)

_ _ 1/2 _
2Ny =0.664R )" (P,) P =N, = 0.664(4.43%10°) / 0.697)'° =N, =(392)

_ h;. L Nu; .K (392)(0.03003)
NuL = - hL: = h = 12

q=hA(Tyee-To) = q=9.81(6x1.2) (127-27) = - q=(7063.2 w)

= h;=(9.81 w/m?k)

VL 0.9582)(8)(6
2- Ry = P = ¢ X )(5 ) = Ro.= (2.22x10°) >5x10>  ~Turbulent
u (2.075 x10™)
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— _ 0.8 —
2Ny = 0.037(Ry)°® () *= N,; = 0.037(2022x10%) ~ (0.697)'*= N, = (3918)

h . L Nu, K (3918)( 0.03003 )
hL: = hL: 6

q=hA(Tefee-To) = q=19.61(6x1.2) (127-27) = =~ q= (14119 w)

Ny, = = h;=(19.61 w/m? k)

Example: -

Air at (7kpa) and (35°C) flows a cross a (30 cm) square flat plate at (7.5 m/sec) . The plate is maintained at
(65 °C) Estimate the heat loss from the plate ?

Solution: -

P=7kpa , Tgypce=(65°C) , Tpue= (35°C) ,V=(7.5m/sec) ,L=30cm L=0.3m | R=287 J/kgk

Tsurface + Too _ 65 +35

Te=— — = T;=(323k)
P (Tx 10%) 5= (00755 Ke/m) L=35°C
PTRT @8n323) P g/m V, 7.5 msec

The properties of air at 323k are T,=65°C

30em
1=2.025 x10” Kg/m.s

k=0.02798 w/m.°C
30cm

P=0.7

pV,L  (0.0755)(7.5)(0.3)
B (2,025 x107)

0= = R = (8388.8) <5x10° . Laminar

2Ny = 0.664(Ry )"/ (P,) P =N, = 0.664 (8388.8)/2 (0.7)' = N, = (54.063)

_ hy . L Nu; k (54.063)(0.02798 )
Nu; = = h; = T = h; = 03

q=hA(Teyfee-To) = q=5.042 (0.3x0.3) (65 - 35) = - q=(13.613w)

= h; = (5.042 w/m’ k)
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Example: -
Air is flow over flat plate as show in fig . Calculate the heat transfer rate in

1- the first (20cm )of plat.
2- The first (40cm) of plat .

When:- V=(2m/sec) ,p=(1atm) , Ty = (60°C) , Tquq= (27°C)

Solution: -
V,.=2m/sec
_ Tsurface + T, _ 60 +27 _ i = 60°
T.=27°C
From table (A-5)

0
v=17.36 X10_6 mz/s X= 20cm
k=0.02749 w/m.°C X= 40cm
P=0.7

VX (2)(0.2) 5 .
1-Ro = = = R.=(23041) <5x 10" « Laminar

v (17.36 x10°0)
2 Ny=0.332(Ry )2 () P=N, = 0.332 (23041)? (0.7)!/° = N,,= (44.79)

hy. X Nu,.k (44.79)(0.02749 )
= h,= = h,=
K X 0.2

q=hA(Tetce-To) = q=6.15 (0.2x1) (60 -27) = - q = (40.59w)

V.. X 2)(0.4
) r e VXL @08
v (17.36 x10)

Nu, = = h,=(6.15w/m’ k)

= Re,= (46082) <5x10° . Laminar

2 Ny=0.332(R )2 () *=N,,= 0.332 (46082) /% (0.7)!/* = N,= (63.35)
h,. X Nu, .k (63.35)(0.02749)
= h,= = h,=
K X 0.4
q=hA(Tyyiee-To) = q=4.35 (0.4x1) (60 - 27) = = q=(57.4w)

Nu, = = h,=(4.35w/m’ k)
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b — Flow in pipes :-
1- For Fully developed Laminar flow R,; < 2300

d.1/3 0.14
“Ny=1.86 (Raa-P)'"* () ()

2- For Fully developed Turbulent flow R,; > 2300
* — 0.8 n
Nyg=0.023 (Req)™" .(P,)
n = 0.4 for heating of fluid ( TS>Ty)

n = 0.3 for cooling of fluid (T, <T})

Ty = . (bulk mean fluid temperature)

_V,d pV,d
v n

q=h A(T,-Ty)

A= d L (Gahud daluall)

q=m Cp (Ti+ T,)

m=pv, A,=pv | —>QV D
Where:-

m = mass flow rate (kg/sec) } L

¥ = volumetric flow rate (m>/sec)

il

— T
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. T -
A,= cross section area (4_1 Yd” =A=(n1?)

Example: -

Air at (2atm) and (220°C)is heated as it flow through a tube with a diameter of (2.54 cm) at a velocity of
(10 m/sec). Calculate the heat transfer per unit length of tube if the tube wall temperature is (20°C) above the

air temperature, (assume air exit at 180°C)?
Solution: -

p=(2atm), T;,= (220°C) Tou= (180°C) , V=(10m/sec) ,Tyu= (20°C) d=(2.54 cm) = d = (0.0254m)

 TintTou 220+ 180

T
b 2 2

2)(1.0132x10°
% _ ¢ )((287)(473) ) =p=(1.493 kg/m?)

Lp=

From tables , the properties of air at a bulk temperature (T},) of (473k)are :-

w=(2.57x10°kg/m.s ), (K = 0.0386 w/m. °C) , ( P; = 0.681)

VD 1.493)(10)(0.0254
R =>Re=( )( )(_5 )
m (2.57x107)

=R.= (14756) > 2300 ~Turbulent flow

N,= 0.023(R)"*(P,)"*= N, 4= (0.023)(14756)°8(0.681 )** = N 4= (42.67)

hy.d ~ (N K) _ (42.67)(0.0386)

N= < —h, =2
ud™ Ty d (d) d 0.0254

w
- hd = ( 6484)(11’12—°C)

U, =hg.A (T Ty) = 1/, = (64.84)(nd)(240 - 200) = q/L = (207)W/m .

Example: -

Water at (60°C) enters a tube of (2.54 cm ) diameter at mean velocity of ( 2 m/sec) . Calculate the exit water

temperature if the tube is (3m) long and the wall temperature is constant at (80°C) .

Solution: -
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d=(2.54cm) = d=(0.0254m), L=0CBm) , V=(2m/sec)

ol sl alag) 8 aalall Jl gl (& sl 5 ) jall e slaie Wl a5 g AN s Jsaall ) ja A )0 48 e pae Alla & - dliadle
(Tp) oniad Jay 4y 5l il

T, =T;= 60°C the properties of water at (T,= 60°C)are :-
(p=985kg/m’ )

(u=4.71x 10" kg/m.sec )

(k=0.651 w/m.°C)

(P =3.02)

(C,=4.18 kj/kg.°C)

r _PVD _ (985)(2)(0.0254)
©op (4.71x107

== R.=(1062) < 2300 .. So the flow is laminar

. - s d 3y 014 B R..P.d 13 W 0.14
“ Nyg=1.86 (Req.P;) (E) (H_) == Nyg = 1.86 ( ) (H_)
W W

1 4 0.14
(1062).(3.02)(0.0254) /3 4.71x 10

o Nyg=1.86 == Ny = (5.816
a=1.86 (3) 355 10° 4= (5:816)
h.D N.q.k 5.816)(0.651
Ny = e ==h= u((il = ( © 0)554) ) =~ h=(149.1 w/m?*.°C)

. n.D?
m=p V.A= pV(T)

, (0.0254)° , 3
th = (985)(@)(m)(————) = = (9.977 x10 kg/sec)

Inserting the value of (h), (m) , (T,,) , and ( T,=80 °C) into the energy balance eq

q=h.A (T,-Tp) = 1h Cp (T,-T;)

=(9.977x 107)(4.18 x10°)(T, - 60)

q=(149.1)(n)(0.0254)(3) [80 - @l

60+ T,
2

35.693 [80 ( )] = 41.725(T,- 60)
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60+ T,
80 ( > )=1.169 (T,- 60)

80 - 30 - 0.5Ty=1.169T, - 70.14
T,=71.98 °C
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( The Overall Heat Transfer Coefficient )

Consider the plane wall shown in the following figure exposed to a hot fluid (A) on one side and a cooler fluid
(B) on the other side. The heat-transfer process may be represented by the resistance network in following

figure.

_: T,0
—..q
— - \ Ty L Ax 1

hh

Fluid £
e
'l
[
B

.
oy

Fig (2-5) Overall heat transfer through a plane wall.

The heat transfer is expressed by:

(T, — T,)
q=hAT,—-T,) = KAT = hyA(T; —Tp)
Convection Conduction Convection

The overall heat transfer is calculated as the ratio of the overall temperature difference to

the sum of the thermal resistances:

(Ta-Tg)
1 L 1
mA KA mA
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The overall heat transfer by combined conduction and convection is frequently expressed in terms of an

overall heat-transfer coefficient (U) defined by the relation:

q=UA(Ta-Tg)

~ The overall heat transfer coefficient would be:

U (w/m2.°C)

Al —

7 1
TR R

*For a hollow cylinder bodies ( all heat exchangers that having tubes ) . when it exposed to fluids have
different temperatures (hot fluid inside it ) and (cold fluid outside it) . The overall heat transfer rate can be
calculated from .

Ti'To
q=h, Ai(To-T)) = Pl hy A, (T, - Tp)

In=>
_ 0
27kl
q= AToverall :>q _ TA'TB
> Ry In Lo
1 + I; 1

haA " 27kl hgA,
Ai = T[diL =2 T[T'l'L
A, =nd,L =2mnr,L

~qQ= Ui Ai AToverall = Uo Ao AToverall

U - 1 1
. o T ik
i+27triL lnri N 2nr L lJrrllnriJr K
h; 2nkL 2nr,Lh, h; k r,h,
1 1
Vo™ 2ar,Llnke ) ry In=
2nr, L ° ri+i r_0+° ri+1

JarLh ' 2xkL 'h, rh Kk b
q = Overall heat transfer rate (w)

U = Overall heat transfer Coefficient (w/m?°C)
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U, = Overall heat transfer Coefficient based on inside area of pipe (w/m?°C)

U, = Overall heat transfer Coefficient based on outside area of pipe (w/m?°C)

A= heat transfer area (m?)
A,=inside area of pipe (m?)
A,= outside area of pipe (m?)

A Tyyeran = overall temperature difference between the inside and outside fluid (k,°C)

2 VS S (g/A) el o) oS (Ulaadl ) dabiaall JSESU dunally - ddasdle*

q/ A= UAToverall = 1 Z\:ra _1
B kK By
- Aol muatd (/L) ey of San (GanbiV) ) Al sans¥) WSS dailly -: Adaa Sl
AT yverall
q/ L= UiAiAToverall = o;zra
1 T lnr—i r,
Tk Trh
Uo Ao AToverall = overIa}O
I, In=> 1
o 4 g
r;n; K ho
Example: -

The building wall shown in below figure , has a (24 cm) thickness and (k= 0.75thermal conductivity. If the
inside and outside heat transfer coefficients are (h; =22 w/m?Xk) and (h,= 34 w/m?.k) and temperatures .of

Air inside and outside are (T;=25°C, T, =45 °C).Calculate the overall heat transfer coefficient and the rate

heat transfer per unit area ?

SO|UtI0n - T,=25°C : uﬁl:;&ﬂﬁ
1
X=24cm=X=(024m) ,k=(075w/m*°C), hj=Q22w/m’K)| p-nw/v’k \
hy=(34w/m>k)  T=(25°C),  T,=(45°C). 100 gl o B ™ 1ossC
K=075%/mC) h,=34 w/ w'k
38

>
0.24m




q= UA AToverall

1 1
= — . _ 2
v l+&+LU L+o.z4+i=>~U (2.53 w/m*.k)
hy  k h, 227075 " 34

q/A=UAT yyepan = q/A=2.53%(45-25) = q/A=(50.6 w/m?)

Example: -

Find the overall heat transfer Coefficient based on the outside area (U,) and the overall heat transfer rate (q)

for the pipe shown in bellow figure per unit length .

Solution: -

k=(380 w/mk), T;=(30°C), T,=(130°C), hi=(132w/mX) , h,=(10101 w/m.k)

r;= (0.023 m), r,= (0.025 m) , Ax = ( 7,-r; = 0.002 m).

1

U,= =
0 o  To ln% 1
bk ho
1
U,= = U,= (1077.6 w/m?k)
0.025
0.023x1320 380 10101

q= Uvo AToverall = q= UOX(27'C Iy L)X(To - Tl)

s q/L=1077.6 x(2m x0.025)x( 130 -30) = q/L=(16918.3 w/m).

Example: -

k =380w/m.k

FluidA
T, = 30°C

hl
=1320w/m%. k

N_ I [ 7 I 7 7 7 7 7

¢(

Ax

FluidB

T, = 130°C

h, = 1010 w/m*.k

The masonry wall of a building consists of an outer layer of facing brick (K;=1.32 W/m.°C) and (L; = 10cm)

thick followed by a (L,=15cm) thick layer of common brick (K, = 0.69 W/m.°C), followed by a

(Ls = 1.25cm) layer of gypsum plaster (Ks= 0.48 W/m.°C) , an inside and outside convection heat transfer
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coefficient of (h; = 30 W/m2.°C) , (ho = 8 W/m?.°C) respectively .What will be the rate of heat gain per unit

area , when the inside and outside temperature is ( 35°C),(22 °C) respectively ?

Solution: -
L; = (0.1m), L, = (0.15m) , Ls= (0.0125m) , ky= (1.32 w/m.°C) , k, = (0.69 w/m.°C)

ks = (0.48 w/m.°C) , hy =(30 w/m?. °C) , h, = (8 w/m?. °C), T1= (35 °C) , T2 = (22 °C).

q/A:U(To'Ti)ﬁq/A:(To'Ti)(1 L1 L2 L3 1)
bk Tk kR
1
=q/A=(5-22) (737 o015 ooms 1) = /A= 65-22) (2.09)
1015, 0.

3071327069 048 ' 3

q/A=(27.2w/m?)
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Chapter (4)

Heat Exchangers

Heat Exchangers:-

Is a device that is used to transfer thermal energy between two or more fluids at different temperatures . the

exchangers are used in many applications such as petroleum , power plant food industries and so on .

Types of Heat Exchangers

1- Parallel Flow Heat Exchanger:-
In this type, both fluids (hot & cold ) flow parallel to each other in the same direction .

a- (Cy)h> (mC,)c

N

Thi
K Ty,

O fluig
T i
covd i

b - (mCy)h < (MC,)c

\}”\
ﬁ’——
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2- Counter Flow Heat Exchanger:-

In this type, both fluids (hot & cold ) flow parallel to each other but in opposite direction .

a- (thCph > (mC,)c

\

4

———

3 \'\o
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b - (thC,)h = (1hC,)c

3- Cross Flow Heat Exchanger:-

In this type ,the two fluids flow in directions normal to each other (perpendicular flow) .
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4- Condensing Heat Exchanger:-

In this type ,the hot fluid has a constant temperature and the cold fluid temperature will increases

\
S—r
T W ,o
WA "I
&
_\—L o
s
i
- —> A "L

5- Evaporating Heat Exchanger :-

In this type, the cold fluid has a constant temperature and the hot fluid temperatures will decreases .

/T-—-—-
|\A .
”\
W
T -
—<—>— \¢c
o — % -’
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Log Mean Temperature Difference

This term (or this parameter) is used in heat exchanger calculations instead of ( AT .. ) because that the

temperature difference between the hot and cold fluids is a long the heat exchanger .

q= UAAToverall = q= UAATLm

AT; - ATy
~ LMTD = ATLm: T
2
AT,
Where :-

AT;= temperature difference between two fluids at the first side of Heat Exchanger ( Counter or parallel )
o AT; =Ty, - Tg; (for parallel flow ).

o AT =Ty - T, (for counter flow ).

ATy = temperature difference between fluids at second side of Heat Exchanger ( Counter or parallel )

~ ATy =Ty, - T, (for parallel flow ).
3% G
o ATy =Ty, - T (for counter flow ). ( o\ :Y\\Qv>
Tu,.
N
£ Ak
le, ]
—x L




Example: -

In a double pipe heat exchanger water is used as a cooling fluid (where in enters at 15°C and leaves at 30°C)
.The oil is used as a hot fluid ( where it enters at 70°C and leaves at 37°C) Find the (LMTD) for both

1-Parallel flow 2- Counter flow ?

- T ot W -
Solution: - T\, =Foc
1- for parallel flow Tw,. =37C.
T s
: BTy
ATI = Th,i - Tc,i = ATI =70-15 == ATI: (SSOC) . /7’_—:\_ 2 a
- c,‘,:. o ( <3
ATy = Tho - Teo == ATy = 37 - 30 == ATy, = (7°C). Tei=ise T
— X
+LMTD = > — 2 — LMTD = 2 27 — LMTD = — = :LMTD = (233°C)
nﬁﬂ 7 .
-
2 - for Counter flow
ATy =Ty - T, == AT =70 - 30 == AT= (40°C) .
ATH = Th,o - Tc,i = ATH = 37 - 15 == ATH = (ZZOC)
imtp = 20 = A= 2922 vrp e 28 LMTD = (30.1°C
S = — = —) _— . — . O,
AT 1n 30 40 0.597 ( )
ATy 22
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Example: -

For the following arrangements in the below figures find the heat transfer rate . Take the overall heat transfer

coefficient (U =100 w/m?.°C) and the heat transfer area (A= 1 m?).

Solution: - A
ATy =Ty; - T,; == AT; =100 - 10 == AT;=(90°C) . gy G X2
> —‘n,nt Se Ac
ATy = Tho - Teo == ATy =70 - 50 == ATy; = (20°C). L ,.Z‘iiz‘fi: ——
ATy = “m = ATy = g = ATy = — = = ATy, = (46.67°C)
1 AT >0 .
q=UAAT,,, == q =100 x | x 46.67 ==> q = (4667w) B3 -
R\4\,-\ =loo ¢
e S
RS o .
(E,u: 50'4 = \"\\4 = 10 ¢
AT, =Ty - Teo, ==> AT = 100 - 50 == AT, = (50°C). oz -
% e =l g
ATH = Th,o - Tc,i =t ATH =70-10 >= ATH = (6OOC) e ——L
AT,y = 21— A SRLELUNG VR — “AT = (54.84°C
o Lm — T Lm — 1—5_0 = Lm — _0_182 = - Lm_( . )
AT, ngo

q=UAAT,,, == q =100 x | x 54.84 == q = (5484w)

47




Heat Exchanger Effectiveness (¢)

It is defined as the ratio between the actual heat transfer rate to the possible maximum heat transfer rate .

. actual heat transfer (q,_,)
Effectiveness (&) = c

maximum possible heat transfer (q_. )

gy = My CpATy = 1y Cp(Ty ;- Tho) D il (e 2 il 5 ) sl
Qoct ~ m, CAT, = mCe(Te - T ) 2L ailall e ApiiSall 3 51 sl
2kl ailall (i e dantiSall 5 ) el (g bt Ol cangy ) alall (a8 588 B ) jall (fd ¢ A8l T ) 58 Caes

rhhCh(Th,i - Th,o) = IhCCC(TC,O- Tc,i)

if ATy > AT, = (th,), < (1), 2 LS) (AT) el 3 L

if AT, < AT, = (th), > (i), Sl oS5 i (1)

“ q max™ ( rhC)min ATmax
- q max ( rhc)min (Th,i - Tc,i)
Where :-

my;, , m,= mass flow rate for hot and cold fluid (kg/sec)

Cy, , C.= Specific heat for hot and cold (J/kg. k)

(Ihc)h . .
Heat Capacity rate for hot and cold fluid (w/k)

().
. m,) (Teo-Te;
L e = (mc)h (Th,i - Th,o) nE = ((In ))c ((T, T, ))
" (i) (Thi - Te) min(Thi = Tei
If the hot fluid is the minimum fluid If the cold fluid is the minimum fluid
Tco - Tci
.= (Thi - Thyo) e = ((T o i))
P (Ty-Te) hi - Te.
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In general way ,the effectiveness of heat exchanger is expressed as

. ATmin . fluid
AT max
Example: -

In a shell and tube heat exchanger , the hot oil is enter at (75°C) and leaves at (50°C) , and the cold water is
enter at (25°C) and leaves at (40°C) . take the specific heat for oil and water as (C,; =1900J/kg.k) ,
(C yate=4180 J/kg . k) find the ?

1- mass flow rate of water (rh,,) required to cooling of (5 kg/sec) of oil .
2-The effectiveness of the heat exchanger based on the hot and cold fluid ( &, & €. and also (¢)).
3-The heat transfer rate (q) .

Solution:-

By applying the energy balance :-

1y, Cp (T - Tho) = 1eCe(Teo - Tei)

(5)(1900) (75 - 50) = m, (4180) (40 - 25)

~ m.=(3.788 kg/sec) ( for cold water required )
2- To find the minimum fluid we must find >

m,Cp,= (5 x 1900)= m ,C;= (9500 w/k)

m,C.= (3.788 x 4180)= m ,C.= (15834 w/k)

< (), < (), = the hot fluid is minimum fluid

o (my) ATy (9500) (75 - 50)
T ) AT (9500) (75 - 25)

= &= (05)

(i) AT, (15834) (40 - 25)
(), ATmpe  (9500) (75 -25)

o g = ¢,=(0.5)
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ATmin. fiuia _ Thi - Tho e (75-50)
AT Thi- Tej (75-25)

e= =e=(0.5)

3- wq= 1y G, (Thi- Ty )
q=(5x1900)(75-50)= q = (237500 w)
or
q=m, Cc (T, -Te))

q = (3.788 x4180)( 40 - 25) = q= (23750 w)
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Chapter (5)
Fins
In heat transfer applications ,we use the fines to enhance the heat transfer ( due to the increase of heat transfer

area) there are several cases may be considered in order to calculating the heat transfer rate if the fins are

existent :-

Casel :-

The fin is very long and the temperature at the end of fin is equal to the surrounding fluid temperature :-
q=yhpkAx (T,-T.,)

Case 2 :-

The fin has finite length and loses heat from its end :-
. h
sinh (mL) + (ﬂ) cosh (mL)

cosh (mL) + (%) sinh(mL)

q=+yhpkA (T,-Ty)x

Case 3 :-

The end of the fin is insulated :-

q= \/m (T,-T,)xtan h (mL)

Where:-

q = heat transfer rate from the fin (w).

h = heat transfer coefficient (w/m?.k).

p = perimeter of fin (m).

k = thermal conductivity of fin metal (w/m.°C).

A = Cross-sectional area of fin (m?) .

L = fin length (m).
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m = Constant = m
= = _I
onsta kA

T,= Temperature of fin at the base(°C).

T,= Surrounding flu temperature (°C).

t o
L=L,=L+3 (2,3) Aall b paiiuas

e Fin Efficiency (n,)

It is the ratio between the actual heat transfer rate to the heat transfer rate if the entire fin area are at the base

temperature :-

_ qactual

£
Qideal

Where :-

— . . EAYEA -
qactual = e )ﬂ A YA sl

qidealz h p L (To - Too)

Example:-

An aluminum fin (k=200 w/m.°C) with (10 cm)long and (7.5¢cm) width and (5mm thick) is exposed to

ambient air (at 50 °C ) and h = (10 w/m?.°C). Calculate the heat loss from the fin if the fin base temperature is

(300°C) assume( Case 1& Case 3 ) ?

Solution :-

_ |hp
M= A

P=2w+2t=p=(2x0.075) + (2 x 0.005) = - p = (0.16m)

52




A=wt =>A=(0.075%0.005)

~A=(0.000375m?)

Te= 50°c
°
h =10 Wm:.°C

>

' l/lt: Smm

W= 7.5cm

=9

hp (10)(0.16) =
sSm = —_— o m=

kA (200)(0.000375) A\A\
~m=(4.618 m?) o To=300°C
< For Case 1

k= 200w/ m.°C
q=yhpkAx (T,-T,) =
<€
L=10cm
q= \/(10)( 0.16)(200)(0.000375) x (300 — 50)
q=(86.6w)
< For Case 3
q=+vhpkA (T,-T,)xtanh (mL)
0.005

q =+/(10)(0.16)(200)(0.000375) (300 - 50) tan h [(4.618)(0.1+

0.005
7 )] == q=(38.1w)

q=(86.6)x tanh [(4.618)(0. 1+
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Chapter (6)

Heat Transfer by Radiation

It is the transfer of heat by electromagnetic radiations that emitted from a body as a result of its temperature .it

don’t need a medium to transfer of heat because of the high speed for the waves .

Stefan- Boltzmann Law

The total energy emitted from the radiant body can be calculated by this law :-
E,=ocT*
Where:-

E,= emissive power from a black body (w/m?).

T= Surface temperature of a black body (k).
o = Stefan Boltzmann constant ( 5.67x10°® ) w/m? k.

~q=EA=cA T &= Heat transfer rate for black body )

The ratio of emissive power of a body to the emissive of a black body is called the emissivity (€).

E
€e=— =E=€ E
Eb

€ = 1 for black body

q=€E,A=q=¢€o AT == ( Heat transfer rate for a gray body of real body )

: ABadle
(1) s Lgiad Y (€) Al el SY S (Black body ) 2l ama Jisasdl (8 S5 13 -1
- (€) &8l & Sy o cand (real or gray body ) s sl sabe s aua Jsa Jlsadl OIS 1322
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. Apalaia) = 4 (€ = o) gl elasadl a3

Absorptivity , Reflectivity , Transmissivity
(@) (p) (v)

When the radiant energy is incident upon any surface part may be absorbed , part may be reflected , and part
may be transmitted through the receiving body .

Thus:-
a = part of incident radiation absorbed ( absorptivity).
p = part of incident radiation reflected ( reflectivity).

T = part of incident radiation transmitted ( transmissivity).

o +ptT=(1)
The gases generally reflect very little radiant The Unitrans parent solids do not transmit
energy (p=0) radiation (t=0)

~a+ 1 =1 ( For gases) ~a+ p =1 ( For solids)

Configuration Factor (F)
It is defined as the fraction of radiant energy leaving one surface and strikes a second surface directly . there
are other names for configuration factor (F) like (shape factor , view factor , angle factor ) .

For :- —> Very large surfaces (bodies)

——> Infinite surfaces (bodies) F=1

L———> Tow concentric spheres
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Radiation Exchange

Consider the simplest configuration (infinite , parallel) tow black bodies maintained at different temperature

(T1, T2 as shown in figure the net exchange of radiation energy between surface (1 and 2) is .

q5= 015" 9y = 02 Epy Aj- 01 Erp Ay @ @
4 —

T
~For black bodies = (a;= a,=1) and ( By, = GT4) :
: T, €
1- Ao (T 4 4) Net exchange radiant energy between two black o
Q2™ imt2) < bodies Infinite surfaces in parallel :|
Ep, €
or [ En [

Net exchange radiant energy per unit area ]
_ 4_ 4
q1-2/A= o (T1-T3) between two black bodies

For limited surfaces ( finite surfaces ) of black bodies :-
d5= 915" 9yq=A1 Fio Epi- Ay Fo By

=A Fi,0T1-AF, 0T)

According to the reciprocity theorem ( Ji&ll 4 jlas s )

AL Fio= Ay Fyy

2. q,.,= AF o ( T 411_ T 24) Net radiant exchan%(;f;rl;mlte black bodies in }

= QA F 0 (T5-T1)
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3- For gray bodies :-

o (T - TH The net radiant exchange for finite parallel
JA= ——= . .
d,., T two gray bodies per unit area
€1 @
4 q, = o (T1-T5) The net radiant exchange for finite parallel
-2 1g 1 19 %[ two gray bodies }
€141 A1F1_2 €Ay

Example:-

A temperature of black body is constant and equal to (350k) . Calculate the amount of radiant heat per unit

area ?
Solution :-

q=cAT* E=0cT*

2= (5.67210%) (350)* = 9/, = (850.84 w/m?)

Example:-

Determine the total emissive power of a body at (1000 °C) if it assumed

1- Black body .
2- Gray body .with (¢=0.8)

Solution :-

1- For black body :- Ey,= 6 T* = E,_ (5.67x10%)(1273)* = = E,, _(148900.6 w/m?)
2- For gray body :- E=€E, = (0.8)(148900.6) ~= E=(119120.48 w/m?)
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Example:-
For a ( (2m x 2m) wall maintained at (200°C) find the

1- Emissive power of wall.
2- Amount of radiant heat from the wall (Tack the emissivity of wall equal to 0.85) .

Solution :-

1- E=€E,= E=€0T*=E=(0.85) (5.67><10'8) (473)*= ~E=(2412.38 w/m?)
2- q=€E,A= q=€ E,A=q=€0cAT* = q=(0.85)(5.67x10)(4)(473)*

%~ q=1(9649.52 w)

Example:-

Two infinite parallel walls maintained at (1000 k and 800 k) assuming that both the walls have (3mx3m) area

Calculate the net radiant exchange between the walls if it considered as :-

1- Black bodies .
2- Gray bodies with (€;,=0.9,€,=0.8)

Solution :-

1- Two infinite and black bodies (F, ,=F, ;= 1), (€,=1,€,=1)
= q =0 A(T{ - TH)= q,,= (5.67x10®) (3x3) [(1000)*- (800)*]
q=(301281.2 w).

2- Two infinite and gray bodies ((F, ,=F,,=1),(€=09 €,=0.8)

oA (T{ —T3)
“h2= 1
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_ (5:67x10%)(3x3)[(1000)*- (800)*]
- 11
09 08"

= q=(221349.6w)
1

Example :-

Two black concentric hollow spherical walls are maintained at (300°C)for outer wall and (500°C) for inner
wall if the inner and outer radiuses are (3 & 5 m) respectively , find the net radiant heat exchanged

between inner and outer walls .
Solution:-
Black walls and concentric .
(Fio=Fo1=1), (€;=€,=1)
T:=500 + 273 = 773k
T,=300+273=573k
q;.,= Ao (T T

= (47r;2)(5.67 X 1078)[(773)* — (573)*]

ag=4x1x(3))(5.67 x 10°8)[(773)* — (573)*] = q= (1597477.2 w)
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