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Tutorial on Heat Transfer

El
Example 2.1 2.1 Joadl
The temperature of the inner surface of an @etua o alad Jhéhc'k“'“_sﬁ)“q“ﬁ;“u”
industrial furnace wall is 1100°C and that of 45 ’(8?0 C) sl =25 (1100°C)
the outer one is 850°C. The wall is made of SIS il e Byl s
) sl ol & A< 1L 3 (0.71-W/m.K)

bricks having thermal conductivity of 0.71
W/m.K. If the wall is 18 cm x 50 cm x 1.5 m,
calculate the rate of heat loss through the wall,

Ol Jams sal (18 cm x 50 cm x 1.5 m)
sl il jlade aagl ol gaadl o g )

fhaad g dela JoAA B2 gakall 3 ) jall AueS Jlaia
Evaluate the heat flux and the amount of heat _— S B sthall Bl ol RS e

lost in one hour?

Solution Jadi
Given: pgiaall
20cm /
50cm
«————— 15m —— ———>
T,=1100°C 7| ™ T,=850°C
q.

Find: L=20cm zaslay) G gthall
Heat loss ¢, and heat flux q (o) sl Ll (q,) gl ) olasall
Assumptions: rbal eyl

1. One dimensional-steady conduction. ) sfj‘-'" )94“"‘ )l L.L‘-‘sﬂ‘ 1

2. Constant thermal conductivity. Al all Ada gl jlaie sl 2

3. Nointernal heat generation. Bl (B gl s g agmg e 3

4. Constant temperature gradient. B J3A 5l el JEEl 7 S gl 4
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Analysis: raladant)
Step 1 Yl
Convert the units of all known quantities to (S1) alas (A Asgladll pilaall Cilas g (J gas

the SI system.

The height of the wall,

lasdl & 145 )
50 e Ele )
—=05m
100
The width of the wall,
Jall a e
20
—=02m
100
The temperatures, 5 all s
T1=1100+273=1373K
T,=850+273=1123K
Step 2 L
We apply Fourier’s law to find the heat loss, JBagiiall 5 pall dla p ygd ) gild Gudas
T,—T
qx=—kA% equation (2.2)
1123-1373
0= -0.71 (15X 0.5) ———— =665.625 W
Step 3 o
We calculate the flux using equation (2.3): (2.3) ated) 1830 (5 1 jal) ) o
» 2 9x
Ax A
665.625 887 5 W /m?
== . /m
% =1s5xo0s
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Step 4 [P
We determine the amount of heat lost in 3600 ) 32l gdelu 825304155 yall 4 S
one hour which is 3600 s: -als

Heat lost = 665.625 W (J/s)

Heat lost in 1 hour= 665.625 x 3600 = 2.396 x 10° ]

=2369 kJ

Comments: saaslall

1. Note of heat quantity is expressed in 3 (J) dsadl langaams yl yalld s HllaaY 1
units of J or kJ, and the heat transfer 2 Bl JUEil Jaee Slaa gy (k)) s sl
rate in W or kW which is J/s or kl/s. The @ g Ll S (KW) ol g5l ) (W) ol )
units of the heat flux are W/m’ or OV LS (k)/s) Al [ s s ol ()/s) Als [ s>
kw/m?. s (W/m?) o—2 &yl —all par &l i =g
(kw/m?)

2. The temperature difference in Kelvin has & g (ALSN Clam 98 ) pall Aa a3 AN ALE ) 2
the same value in Celsius. Lo gmnlil) Cilas g 3 all
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Example 2.4

A refrigerator wall consists of a fiberglass
insulating layer sandwiched between two
steel sheets. The thickness of the insulation
layer is 52-mm and the thermal conduc-
tivity of the fiberglass is 0.045 W/m.K. Each
steel sheet is 3.2-mm thick having thermal
conductivity of 60.5 W/m.K. If the ambient
temperature is 26°C and the temperature
inside the refrigerator is 4.5°C, how much
heat per unit area is transferred across the
wall to the inside of the refrigerator? Take
the convective heat transfer coefficient on
the outside to be 6-W/m?K and on the
inside 5.5 W/m”.K.

Solution

Given:

Al-Mustagbal University
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2.4 Jual)

Lala 3l LYY (e A0 Jle Al (e 4208l (S
gxal) el e (e ian (insiea (03 gana
iy (52-mm) Atlall A shll dle LSy
JS e 1S5 (0,045 W/m.K) oload el o e
Clalld i all s sl jlaie; (3.2-mm) dsde
Luadl sl e da jn @K IME (60,5 W/m.K)
Let (4.5°C) 438l Jals L33l a0l 4 a5 (26°C)
S sl e Aol Jals ) Al 50 )l laie
Jrealls s ol i) Jalae Gl o)) Lo § daliabang
G Lelily 85 (B-W/mPK) Al 7 L s

(5.5 W/m>.K)

52 mm :‘:Jul

32mm — je— 3| — 32mm

Teo I3 Ti
Steel sheet P
sl (o R J/)
Fiberglass
el )y

Ambient temperature, To,

Inside temperature, Ti
Outside coefficient, h,
Inside coefficient, h;

=24°C=24+273=297K
=4.5°C=45+273=2775K
=6 W/m’.K

=5.5W/m’.K

Fiberglass thermal conductivity, k. = 0.045 W/m.K Steel

thermal conductivity, k.
Thickness of insulation, L,
Thickness of steel sheet, L,

Area, A

=60.5 W/m.K
=52mm=0.052m
=3.2mm=0.0032 m
=1m’
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Find: sodlag) o slhaal)
The heat transfer per unit area across the paa gy JST S el lasdl joe ALl 5]yl lase
composite wall g, in W/m? (W/m?) Slas s (gy ) Sl
Assumptions: selia) sy
1. Steady-state conduction across the wall. Dl je jEue g all demgdll 1
2. Onedimensional heat transfer. Sl galal 5l pall Juml 2
3. Nointernal heat generation. -J:i: %J:%b.“ ‘“:"‘ =Y 3
IR | |
4. Constant thermal conductivity. -2 e

Analysis:
edldasl)

We first find the total resistance for the Al ot Tl e sl §
| aladi | 4 gleall (SN
composite wall arrangement using equation (2.17) 4 ¢ ? Al e sl

(2.17),

R = S~ E (Eqn. 2.17)
=— —_—+— n. 2.
O T A TG A Ky A LA 4

Applying the equation to the fridge wall A s e diladl) Gukig

1 L, L L, 1

Row=T—+——+—+—+—
oA KeA kpA KA A
1 L L L 1
Riotal = + 2 + - + 2 +—
hoA kA kgA LksA hiA
R 1 Ly 5 Lo 1
= + + o —
T oA kpA kA A
. 1 0.052 0.0032 1
“ Riotal =

+ + +
6x1 0.045x1 60.5x1 55x1

Riotal = 0.166 + 1.155 + 0.0001 + 0.181 = 1.502

To evaluate the heat transfer rate, we use equation (2.15)
8l oadl JlEl Jane 3ad 2laa¥ (2.15) Aol pxasies (¥

AT
qy = —=erall (Eqn. 2.15)
Rtotal
_ Teo_Tj _297-277.5

= Reotar | 1.502

=12.982 W

qx in W/m?= q,/A = 12.982/1 = 12.982 W/m>
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Example 2.5

A wall, 3-m high and 4-m wide, is made up of
bricks having thermal conductivity of 1.3
W/m.K. Each brick is 230-mm long and 110-
mm wide, laid longitudinally across the width
of the wall. The bricks are fixed by 20-mm
thick layer of cement in between. The wall is
covered with a 15-mm layer of cement on
each side. The indoor temperature is 17°C
and the outdoor is 35°C. The convection heat
transfer coefficient on the inside of the wall
is 11 W/m’K and on the outside 30 W/m’K. If
the thermal conductivity of the cement is
0.72 W/m.K, calculate the rate of heat

transfer across the wall.

Solution
Given:
Ly
D T
Te _>|—+ * A
h L
o T 3 Tl
qx —‘ hi
I L2 H
L, v

a7
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2.5 Juadl

2‘—_‘.)‘.)"‘-“ 4“_‘5 < ga Lj ".'1 k = o L Li a
(4-m) 4= 25 (3-m) eyl (1.3 W/m.K)
L=, 5(230-mm) sladld gih Jg b L <5
U e e Lilgh Aii dd gl J< )5 (110-mm)
LS (20-mm) LS CriaY) (o Aip diday jlaall
Ol 7 )l g JAa) (e plaall adas ety
SIS I3LE (15-mm) b JS ele b il WY e
,(35°C) z &l By (17°C) Jalall 5 ) yallda o
aall doats daall s ) yal) JUEn Joales LS5
Jaee JliLd (30 W/mPK) 4= )& 5 (11 W/mK)
Al n gl A o) Lide € jlaall pue 5 ) pal) JLE)

(0.72 W/m K) el 4, ) jall

Jadi
Tp shaal)

Y
h i
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Data from the schematic kil JEa e Sl el

H=3m , W=4m
L;=230mm=0.23m L =110mm=0.11m
L;=20mm=0.02m L,=15mm=0.015m

Tw =35°C=308 K T,=17°C=290 K

ho = 30 W/m’K hi =11 W/m’K

Kprck = 1.3 W/m.K Keement = 0.7 W/m.K
Find: sodlag) @ glhaal)
The rate of heat transfer across the wall g, () 2l e 3 ) adh JUEEH Jans
Assumptions: rolal 8y
1. Steady state conduction. el e sl g ) el ‘-1"“’5"” A1
2. One dimensional heat transfer. -‘\"'-'n_ gl B el daml 2
3. No heat generation inside the wall. Sl F gl Mgy 3

. A ) all Ala gl a8

4. Constant thermal conductivity values. ARl eyl nd 4

sl

Analysis:

€l paall 4yl el il gEall A8 Y o) an g Lies
Let us first draw the resistance network for =Sl Sl e =AY e

the composite wall,

Tee Ti
Rs
Rtotal =R + R4 + R313 + R4 + Ri
Rsisis the equivalent resistance to R;, R; and (Ry s Ry sRy) e sl L4 e i s (Royo)
R; which are connected in parallel. These are i) i Clagie by s sl o PR
the resistances of the two cement layers e (§ ssllall e gl N ALY § il A58

holding the bricks, plus the resistance of the
bricks in between.
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The value of Ry,5 will be SIS (Raps) At e

R3 13 R3 R1 RS

1 1 1 1
R31z Rz Ry Rg

Rs=R D 9B 03
3 = Tcement, center — kcen]entA - 0.7}{(3 X"-l-) — .

L, 0.23
Kprick A 1.3x(3x4)

R; = Ryrck = =0.0147

1 1 1 1
= + +
Rsi;z  0.0273 0.0147 0.0273

=36.630 +68.027 + 36.630 = 141.69
R313

R.;5=7.057 x 107

Riotal = R + Rg + R3y3 + Ry + R,

o 1 Ly R Ly 1
total — + + Ra3z + +
hO A kcement A kcement A hi A
A=3x4=12m?
1 0.015 . 0.015 1
“ Riotal = + +7.057x107 + +
30x12 0.7x12 0.7x12 11x12

3

Ripat = 2.777 X 107 +1.785% 10° + 7.057 X 10° + 1.785x 10” + 7.575 x 107

Riotal = 20.972 x 107

ATgver
g = —erall (Eqn. 2.15)
Rtotal

AToveran = Teo - Ti= 308 — 290 = 18 K

_ 18
&= J0972x103
O = 858.287 W
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Conduction Through Copper Plate

One face of a copper plate 3 cm thick is maintained at 400°C, and the other face is maintained at
100°C. How much heat is transferred through the plate?

H Solution

tFrom Appendix A, the thermal conductivity for copper is 370 W/m - °C at 250°C. From Fourier’s
law

q daT
R
A dx

Integrating gives

g __, AT _ —(370)(100 - 400)

A Ax 3x 102

=3.7MW/m? [1.173 x 108 Btu/h - ft?]

Convection Calculation EXAMPLE 1-2

Air at 20°C blows over a hot plate 50 by 75 cm maintained at 250°C. The convection heat-transfer
coefficient is 25 W/m? - °C. Calculate the heat transfer.

H Solution
From Newton’s law of cooling
q=hA(Ty —Tx)
= (25)(0.50)(0.75)(250 — 20)
=2.156 kKW [7356 Btu/h]

1-1 If 3 kW is conducted through a section of insulating material 0.6 m? in cross section

and 2.5 cm thick and the thermal conductivity may be taken as 0.2 W/m - °C, compute
the temperature difference across the material.

Solution

A7 - (3000)(0.025)
(0.2)(0.6)

=625°C
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Presssasty s sasau Ltsesicassuosass

1-9 A 5-cm layer of loosely packed asbestos is placed between two plates at 100 and
200°C. Calculate the heat transfer across the layer.

q _ (0.161)(200 -100)
A 0.05

=322 W/m?

1-10 A certain insulation has a thermal conductivity of 10 W/m - °C. What thickness is
necessary to effect a temperature drop of 500°C for a heat flow of 400 W/m??

A = KAAT
q
-3 _W
) (10x107 ¥<)(500)
400 %

=0.0125m=1.25cm
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2-4 Find the heat transfer per unit area through the composite wall in Figure P2-4.

Assume one-dimensional heat flow.

Figure P2-4

Ky = 150 W/m-"C
kg=30
kC: 50 AC:OI mz

kp=1T0
B
Ag=Ap q
—

T=370"C
N D

T=66°C

2.5cm —-‘ |<— 7.5cm —-|<5.0 cm—|

R=2x
kA

0.025
R g l *—3
A (150)0.1) 667 x 10
Ry = 0.075

~ (30)(0.05)

_ 005
fe= (50)(0.1)
0075

D

~ (70)(0.05)
1
R=R4 +Rc+——=2.667x102
Rs TRy
_AT _ 370-66
R 2.667x1072

=0.05

0.01

=0.02143

=11,400 W
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3-19 Consider a 1.2-m-high and 2-m-wide double-pane win-
dow consisting of two 3-mm-thick layers of glass (k = 0.78
W/m - °C) separated by a 12-mm-wide stagnant air space (k =
0.026 W/m - °C). Determine the steady rate of heat transfer
through this double-pane window and the temperature of its
inner surface for a day during which the room is maintained
at 24°C while the temperature of the outdoors 1s —5°C. Take
the convection heat transfer coefficients on the inner and outer 2A

surfaces of the window to be h; = 10 W/m? - °C and h, =
25 W/m? - °C, and disregard any heat transfer by radiation.
Answers: 114 W, 19.2°C FIGURE P3-19

-~
™ Frame

Analysis The area of the window and the individual resistances are
A= (12 m)x (2 m) =2.4 m?
R !
KA (10W/m®.°C)(2.4 m?)
0.003m
Rl:RSZRglasszi: ° 2
kA (0.78 W/m.°C) (2.4 m"“) .
Air
R,=t - 001Zm 9930w
kA (0.026 W/m.°C)(2.4 m*) i |
1 1
=R - =
B = Reomvz A (25W/m®°C)(2.4m?)
Ry =Ry + 2R + R, + R, , =0.0417+2(0.0016) + 0.1923+0.0167
=0.2539°C/W . .
The steady rate of heat transfer through window glass then becomes
=T, _[24-(C91C_

=0.0417°C/W

E = chnv,l =

=0.0016 °C/W S—

R,

=0.0167 °C/W

Q= - =114 W
R,.  0.2539°C/W ; R | R R | & R ,
The inner surface temperature of the window glass can be determineﬁlfroﬂ' K NV\I tVy M_ vy 7
. T, -T, .
Q=" ST =T, -0R,,, =24°C— (114 W) (0.0417°C/W) = 19.2°C

conv,l
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2.9 Contact Resistance

In the previous analysis, we assumed the
surfaces of the composite wall are in

Al-Mustagbal University
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okl (e Aaalil) dagliall 2.9

gl O Lia il € gl jlaall Al ool 8
B Y el Lpasy aw Al uld B S laall

perfect contact. In reality, this is not the
case and smooth surfaces appear irregular

Coad iy gl eluld) phu¥l GBS Gl
Aan b Akl e ulall 18 e i g
o e 38 LS oiadl) i) s (AT o) 5. 20
a._lél_..'al 3._..313.@ ;3...'.".1‘;“&21_[.‘.;“..51 Qgmig 2.8 Jeall

under the microscope. The imperfect
contact results in a temperature drop

ATeone across the interface as shown in LA 8 an) giall o) gell Lumiaiall dbis galls ) jas
Figure 2.8. This is due to the thermal JOAA (g el TalE g B ) jadl JUE gl iy ML
resistance is formed hy the irregular () laal) A glie (e o gl Be s ledll il A

interface. The resistance is actually Al et daglia a2
enhanced by the low thermal conductivity
of the air filing the voids between the
surfaces. Accordingly, heat transfer occurs
across the solid contact areas and through
the voids simultaneously. The resistance
per unit interface area of the interface is

known as the thermal contact resistance.

ATeom=Ta-Ts

Ta

\

Figure 2.8 Jsall Te

Temperature drop across interface sl mhudl yo 5l allda 2 2 gl

= (qcont) 3.)‘.)3'“ leﬂ:‘-'t J-J-'-ﬂ ‘_)-‘:I:h-l— &Fﬂ. sl t_l:ls.:i
&l G (il Aliles dapay il bl

The rate of heat transfer, q.n. across the
interface, can be expressed in a similar
manner to Newton’s law of cooing, thus

eont = hcont A AT-:ont {2.21}
Qcont/A qg:ont
heont = = (2.22)
“M 7 ATcont  ATcont
AT Ta=T 1
51 Rcont = colll = A, L = (223}
Qcont/A Ycont heont
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Example 2.6 2.6 Juall
Calculate the heat transfer across two as—ia¥ (e piind ol s pl el 5l alld S el
1.2-cm  thick aluminum slabs pressed S(1.2-cm) A a J<ele u ) Lale Jle (il g ae
together. The thermal conductivity of the <l 5 (205 W/M.K) asadDl & ) jpall Adia sl jlaae g
aluminum is 205 W/m.K. The surface e i s 35 (20°C) endaadl 280550 pa da
temperature on one side is 20°C and on the Al gall Jalee Sat) @ €y (120°C) Al Al
other 120°C. Take the value of the contact dalia s (6000 W/MK.) 2 saa ) mladl 4 ) jal)
conductance for the interface 6000 W/m’K (20 cm?®) dasia S

and the area each plate 20 cm’.

Solution = Jadl

Given: pgteall

e (1)
T,=120°C 2 1,-20%

—! e

2cm

T,=120+273=393K
T,=20+273=293K
Li=L=12cm=0.012m

ky = ky = 205 W/m.K

heon: = 6000 W/m’K

A =20 cm? =20/10000 = 0.002 m*

Find: ol el
Ofingiall e byl pall QU Jaes
Heat transfer rate across the plates
bl 58y
Assumptions:
Dl e s gl pll duagll 1
1. Steady state conduction. ) galal 5y jall Jam
2. One dimensional heat transfer. aall g a algaagy 3
3. No heat generation inside the wall. Al Al dlagdiid g
4. Constant thermal conductivity.

| Page6d



Al-Mustagbal University
Level 3
(Heat Transfer)
Asst. Prof. Dr. Ammar Abdulkadhim

O = A/A
Oy = ATgyerall
i Rtotal

Riotal = Ry + Reore + Ry

R Ly 1 + Lo
total — +
° ki A heontA kA
0.012 1 0.012
Riotal =

205 x0.002 ' 6000 x0.002 205 x 0.002
Riotal = 2.926 X 107 + 8.333 x 107 + 2.926 x 107
Reorat = 14.185 x 107

AT gyeran = T1 =T, =393 -293 =100 K

AToverall _ 100
Rtotal 14.185x 1072

Ox = =704.970 W

Comments: ~cbianiall

1. We can base the calculations on a unit falad) saag o Talaie) clibaall o pal i€ 1

area to find the flux in W/m?’, and then w i a (W/m?) Slas g g ) jall (adll sy

multiply it by the actual area to find the
rate of heat transferin W.

2. Therate of heat transfer is relatively high
due to thehigh wvalue of thermal
conductivity of the aluminum

A3l 8 ol jall Jamse dlagy Aisall Aol jlate
(W) Glas

Al sda 88 ) jall JEB) Jaee gl 5 5e 2
RS PEJINRRE WP RIOWIEF
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