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HEAT TRANSFERt is the science that study the energy transfer between
material bodies as aresult of temperature diffirence.

METHODS OF HEARANSFER

** When atemperature gradient exists it causes the ensrgy to transfer from high tempe
region to the low temperature region

CONDUCTION HEAT TRANSFERonduction heat transfer occur in asolid bodies
because they contaamumber of free electrons.

The basic law for conduction heat transfer is faulaev:

VA
g=K A z—i

g :heat transfer rate in watt

k :thermal conductivity of material in w{m.
A :areain

oT: temperature diffirenceckn

g : wallthicknessn m

CONVECTION HEAT TRANSFEEBnvection heat transfer occur between flui
molecules and a$id bodies due to molecules motion.

The basic law for ceadion heat transfer isewtors laws-
g=hAq
g : heat transfer rate in watt

h : convection heat trarefcoefficienin w/n3.ck.
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A:areain i
At: temperature difference in Kyt
tw : wall temperature °k.

tr : fluid temperatuna °k.

RADIATION HEATTRANSFERradiation heat transfer occur in vacuum as an

electromagnetic waves, it needs no medium.

The basic law for radiation heat transfer is Stefan - Boltzman's law:-
q=| ¢ A T

g : heat transfer rate in watt.

| : emissivity of body <1

0 :Stefan 1 Boltzmann constant =5.67-10"% w/m?. ok*
A: area in m®

T: absolute temperature in °k.
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CONDUCTION HEAT TRANSFER IN STEADY SEAT
CONDUCTION THROUGH AHOMOGENOUS PLANE WALLS




Conduction heat transfer in steagyate

Steady state.-it is the state at which the temperature and heat transfer remain consta

time.

B
g=k A

m,
]
dx=K A —

by integration and assuming Steady state
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g=K A (T1- TO)/(Xz- X1)

g=K*A*( opl/qpX :> conduction heat transfer through plane wall
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- CONDUCTION'HROUGH COMPOSITE PLANE WALL
- HEAT RESISTANCE

- CONDUCTION THROUGH AHOMOGENOUS CYLINDRICWALL




CONDUCTION HEAT TRANSFER THROUGH COMPOSITE PLANE WALL

h=Ki* A(Ta-To)lopXa
0= K*A(To-Ta) IopXe
0= KeA(Ta-Ta)lopXs

T1-To= O~ CpX1/ KiA  —=mmmmmeme 1
T To=p X/ KA ---mmm-- 2
T T X/ KA ----m--- 3

-------------------------------------- by-adding three equations and assgmin

q=ATT/ - + + )

_“ w (74 2 ﬁ ﬁ ﬁ
g=0z Y X7 : - -

=n 1 A =1 r1 Ed=2 Fr




g :r,]—” is similar to ohra law.

HEAT RESISTANCIEIs the ratio between the pathyfidto the product of the thermal
conductivity k and area A.

CONDUCTION HEAT TRANSFER THROUGH ACYLINDRICAL WALL

W<
q :K*AT>

A=2r" L

By deviding on L

*Dkp¥ *- <
Q/L:q =K*2*r m,
Where ¢ =heat losger unit length
1M gy Lz ozpz zvh




Assuming steady state where g=c
q m= pC=KR2* " * <

assuming steady state where g=C

g w= »+C=-Lkz z 2z .

q ms »p+C=-Lkz z z7 .

ql* . .:_ :2* ’ * K* (tl- t2)

9= a=q*L
_
Q=—
e
q=qt/R
R z zZ\ ZE

heat resistance for cylindrical wall in




FIFTH WEEK

_CONDUCTION THROUGH ACOMPOSITE CYLINDRICAL WALL
_INFLUENCE OF VARIABLE THERMAL CONDUCTIVITY

_EXAMPLES




CONDUCTION THROUGH ACOMPOSITE CYLINDRICAL WALL

>

0 1=2 Kuo(trto) m =

>

g2=2" Kx(tr-t3)/m -~

>

0=2" Kz(tz-ts)/m -

>

(ti-t2)=Q 12" KL/ m rli 1
(trt)=0q 22" Kol/m o= coememee- 2
(trt)=q 32" Kol/m o= -oeenene3
By adding three equations and assuming stestalye
> > >
H =— H — 0 =—
>

t1-t4)= AZ >
(ta-ta) :




EFFECT OF VARIABLE THERMAL CONDUCTIVITY
Km:ko*{1+b*t}
Km:ko*{1+b*(tl+t2)/2}

Where k,, :mean thermal conductivity

g =KAol pX

=g/A=heat loss per unit area in w/nt




HEAT TRANSFER
Problems for conduction( chapter two)

Q1-if the rate of heat loss in hour through square meter of furnace wall with 45 cm
thick is 5110 kJ .calculate the outside surface temperature of wall if the inside surface
temperature is 1048 and the meanthermal conductivity of wall is 1.04 w/m?2k.

Q2- calculate the rate of heat loss per square meter of plane wall with 25 cm thick ,if
the inside and outside temperatures are 450,503 respectively and the mean thermal
conductivity of wall in w/m.’k varies with temperature in the relation given:
K=0.111+0.03t

Q3- calculate the heat loss per square meter of composite furnace wall made of 20 cm
thick of thermal brick and 15 cm thick of insulation brick and 10 cm thick of brick ,if
the inside and outside temperatures of furnace are 118Q 3 , respectively and the
meanthermal conductivity of the three layers are 1.2,0.128,1.62 w/f.respectively.
Q4-- calculate the rate of heat loss from awall of furnace witl20 cm thick, the inside
and outside temperatures of furnace are 980, 3 , respectively if the thermal
conductivity of materials of wall is 1.231 w/nfk ,if we use an insulation with 0.75 cm
thick and k=0.092 w/m?k ,so that the heat loss decrease to 24%. Calculate the outer
temperature of insolation ,the price of instation is 1.251D/m.Find the time required to
pay this price ,it is 24 hr in day and the thermal energy is 0.85ID/£RJ.

Q5- if the inside wall of furnace made of thermal brick with (10cm)thick and the
outside wallof red brick with (20cm) thick ,the inside and outside temperatures are
(7om ),(123 )respectively.to decrease the heat loss we add an insulation with (5cm)
thick and thermal conductivity of (0.063) w/m?k so that the temperatures will be
(730),(670),(517).(73) respectivily.calculate 1) the heat loss without insulation 2) the
heat loss with insulation 3) express the heat loss in second state as aratio of heat loss
first state.

Q6-starting from the equation for condudion heat transfer per unit length from atube
.prove that heat loss per mfrom the outside surface of tube which outside diameter is
D, and inside diameter is DQis given by :

Q7-calculate the heat loss per square meter from the outside surface of tube with
outside diameter of (10cm) covered with (1cm) thick of insulation of thermal

n



conductivity of (0.07) w/mZk ,assume the inside and outside temperatures of insulation
are (274),(323 respectively.

Q8-Asteam passing through atube of outside diameter of 20 cm covered with 5 cm of
insulation of thermal conductivity of 0.096 w/m’ . calculate the heat loss per 100 m
length of atube if the inside and outside t@peratures of insulation are 451,4% .

Q9- Atube of 25cm diameter covered with 2.5cm thick of insulation with k=0.074
w/m.’k and 5cm thick of another insulation with k=0.061 w/ntk .if the inside and
outside temperatures are 364 ,463 respectively. calculate the heat loss per 106m
from the outside surface of tube.

Q10-Atube of 22cm outside diameter and 20cm inside diameter ,if the inside and
outside temperatures of tube are 226 ,222 respectively and the thermal conductivity of
tube is 43.4 wintk .calculate A) the heat loss per meter length .B)The reduction in heat
lossif we use an insulation with 4cm thick and k=0.0658 w/fik. covered the tube ,if the
inside and outside temperatures of insulation are 270 ,64 . C) The insid temperature of
tube in case B.

p A

Q11-Steam passing through atube of outside diameter of 60cm and 410m long covere
with 5cm thick of insulation with k=0.0892 w/m®% and 4cm thick of another insulation
with k= 0.0595 w/m’k ,if the inside andoutside temperatures are 405 ,563
-respectively.calculate A) the heat loss per hr.B) the heat loss pef from outside
surface of insulation .C) heat loss per frof tube D) temperature between two
insulations.
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_HEAT TRANSFER BY CONVECTION

_REYNOLD CONSEPT OF SIMIRATY OF THE FLOW
OF FLUIDS AND THE VISCOSITY

_THE MOST IMPORTANTDIMENSIONLESS GROUPS

_EXAMPLES




Convection heat transfer occur between asolid surfaces and moving fluids when

there is temperature difference between them.

CONVECTION
_N FORCED CONVECTION

For each type of convection on we use newton's law

t,=surface temperature irfk
th>  fluid temperature in°k
h :convection heat transfer coefficient in w/m?.%

h depends on different variables such as shape,dimension,roughness of
surface,density,viscosity,specific heat,thermal conductivity of €lid and velocity.
SIMILARITY OF FLOW OF FLUIDS
There are two types of flew:

1-laminar flowit is the flow at which the fluid molecules move in parallel layers.

— —> —
—_— — —>
— —> —

laminar parabolla




2-turbulent flowxit is the flow at which the fluid molecules have eddies.

\ AR 4

e

Turbulent curve

To determia the type of flow we calculatyRols numbelNze
‘12"

(Neg="

Where:
T HE TOTHESL 0
"H "Hi HT "HCHB)

Kinematioviscosity in0l 7'V g 9

t m
"HO T HTlii "M Hii TEHID 8H
= density of flidl in kg/m

For circular tubes if
Nke 2300 the flow is laminar
Nke 2300 the flow is turbulent.
2300 is criticdReynols number ()
Nre 30® the flow idully turbulent

MOST DIMENSIONLESS GROUPS

oz
1- Reynok numbe (NRe)=

S’uzz 2
H

zJL
3-Prandtl number  (Ne)=—=

2- Grashof number (I\Ic;.r):I =

|
4-Nusselt number (I\Nu)=IZT




b

<

F|is the specific heat in J/kg.°k

EXAMPLE }- prove that Atis adimensionless
group

O OTVgaFL*t lengh:L
D=m=L mass=M=k
_=n¥/sec=k*t1 time=t

Temperature=T
zIl
(Nr)=—=L AL /124 1=1

EXAMPLE]- prove that Nuis adimensionless
group

(Nw)=h*D/k

L




EXAMPLE)])- prove that Mis adimensionless group

4
Npr=
1] 1 4m
H:pa*SeC:_*SeC__ k 7 I :JN*Ll*t-l
- O ?Veid*Vmr

= 2t2T1
= ML
et 0

N pl’: c L ° z z z z _q
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_HEAT TRANSFER BY FREE CONVECTION
_ HEAT TRANSFER FROM VERTICAL SURFACES
_ HEAT TRANSFER FROM HORIZONTAL SURFACES

_EXAMPLES




HEAT TRANSFER BY FREE CONVECTION

FOR FREE ©ONVECTION ALL PHYSICAL PROPERTIES ARE TAKEN AT
BOUNDARY LAYER TEMPERATURE)WHICH IS THE AVERAGE OF WALL AND

FLUID TEMPERATURE

IMPERICAL RELATION FOR FREECONVECTION

The mean convection heat transfer coefficient (h) can be expressed by Ny
(N\Iu):C (I\bl N:’r)m
Where m=0.25 for laminar flow

m =0.33 for turbulent flow
(Ner*Np)=NRa=Rayleigh number
(Ng*N pr):DS* ga*(g* b*) 2*cp)/ e *k

(NGr* Pr): D3* CFI*Z

2 z"He

Z=—— in 1/rok

The vale of z for air only is in chart







