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SULIT DGP3113: HEAT TRANSFER
INSTRUCTION:

This section consists of FOUR (4) structured questions. Answer ALL questions.

ARAHAN:
Bahagian ini mengandungi EMPAT (4) soalan berstruktur. Jawab SEMUA soalan.

QUESTION 1
SOALAN 1

a) Heat is the form of energy that can be transferred from one system to another

system as a result of temperature difference.

Haba adalah satu bentuk tenaga yang boleh dipindahkan dari satu sistem

ke.sistem lain akibat dari perbezaan suhu.

i) List THREE (3) types of heat transfer mode.
Senaraikan TIGA (3) jenis mod pemindahan haba.

[3 marks]
[3 Markah]
ii) Select TWO (2) types and write down its formula.
Pilih DUA (2) jenis dan nyatakan formulanya.
[2 marks]
[2 markah]

b) Consider a person standing in a breezy room at 20°C. This person exposed to
surface area and the average outer surface temperature as much as 1.6 m? and
29°C, respectively, and the convection heat transfer coefficient is 6 W/m? - °C as

shown in Figure 1b .

Pertimbangkan seorang vang berdiri di dalam bilik yang berangin pada suhu 20 °
C. Orang ini terdedah kepada kawasan permukaan yang dan suhu rata
permukaan luar sebanyak 1.6 m* dan 29 ° C, dan pekali pemindahan haba
konveksi ialah 6 W / m? ° C seperti yang ditunjukkan dalam Rajah 1b.
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Figure 1b / Rajah 1b

i) Calculate the heat transfer rate for convection.
. i -

Kirakan kadar pemindahan haba bagi konduksi.

[3 marks]
[3 markah]
11) Calculate the heat transfer rate for radiation.
Kirakan kadar pemindahan haba bagi sinaran.
[3 marks]
[3 markah]
iii) Determine the total rate of heat transfer from this person.
Tentukan jumlah pemindahan haba dari orang ini.
[2 marks]
[2 markah]

Consider a 0.8-m-high and 1.5-m-wide glass window with a thickness of 8 mm
and a thermal conductivity of k = 0.78 W/m - °C as shown in Figure 1c. The
room is maintained at 20°C while the temperature of the outdoors is -10°C. Take
the heat transfer coefficients on the inner and outer surfaces of the window to be

h, = 10 W/m? - °C and h, = 40 W/m? - °C.

Pertimbangkan jendela kaca mempunyai ketinggian 0.8-m dan kelebaran 1.5-m
serta ketebalan 8 mm dan kekonduksian terma, k = 0.78 W/ m. °C seperti yang
ditunjukkan dalam Rajah 1c. Bilik ini dikekalkan pada suhu 20°C manakala suhu
di luar adalah -10°C. Ambil pekali pemindahan haba pada permukaan dalam dan
Iuar jendela menjadi hy = 10 W/m?-°C dan h, = 40 W/m?-°C.
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Figure 1c/ Rajah Ic

1) Calculate the total resistance.

Hitung jumlah rintangan.

[10 marks]
[10 markah]

ii) Determine the steady rate of heat transfer through this glass window.

Tentukan kadar pemindahan haba melalui jendela kaca ini

[2 marks]
[2 markah]
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SULIT DGP3113: HEAT TRANSFER

QUESTION 2
SOALAN 2

a)

Recognize the Velocity boundary layer with a proper diagram.

Kenalpasti lapisan sempadan halaju dengan bantuan gambarajah.

[5 marks]
[5 markah]

b) Mercury at 25°C flows over a 3-m-long and 2-m-wide flat plate maintained at

¢)

75°C with a velocity 0.8 m/s.

Mercuri pada 25°C mengalir di atas plat rata 3-m-panjang dan 2-m-lebar yang
dikekalkan pada suhu 75°C dengan kelajuan 0.8m/s.

1) Calculate the heat transfer coefficient.

Kirakan pekali pemindahan haba.

[7 marks]
[7 markah]
i1) Calculate the rate of heat transfer from the entire plate.
Kirakan kadar pemindahan haba dari keseluruhan plat.
[3 marks]
[3 markah]

A long 10-cm- diameter steam pipe whose external surface temperature is 110°C
passes through some open area that is not protected against the winds as shown in
Figure 3c. Determine the rate of heat loss from the pipe per unit of its length
when the air is at 1 atm pressure and 10° C and the wind is blowing across the

pipe at a velocity of 8 m/s.

Paip stim berdiameter 10 cm panjang dengan suhu permukaan luarannya 110°C
melalui beberapa kawasan terbuka yang tidak dilindungi terhadap angin seperti
yang ditunjukkan dalam Rajah 3c. Tentukan kadar kehilangan haba dari paip per
unit panjang apabila udara berada pada tekanan 1 atm dan 10°C dan angin

bertiup merentasi paip pada halaju 8 m /s.
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Figure 3¢ / Rajah 3c
[10 marks]
[10 markah]
QUESTION 3
SOALAN 3
a) Radiation is one of the mode in heat transfer.
Radiasi adalah salah satu mod pemindahan haba.
1) Explain the definition for radiation.
Terangkan definasi bagi radiasi.
[2 marks]
[2 markah]

ii) Identify FIVE (5) examples of radiation process application in daily life or
industry.
Kenalpasti LIMA (5) contoh aplikasi proses radiasi dalam kehidupan

seharian atau industri.

[5 marks]
[5 markah]
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SULIT DGP3113: HEAT TRANSFER

b)

Everything around us constantly emits radiation, and the emissivity represents the
emission characteristics of those bodies. Emissivity can divide into three

components.

Segala di sekeliling kita sentiasa memancarkan sinaran, dan kadar pelepasannya
mewakili ciri-ciri pelepasan bahan tersebut. Pelepasan boleh dibahagikan kepada

tiga komponen.

1) Generalize the THREE (3) components with simple explanation.
Kenal pasti TIGA (3) komponen tersebut dengan penjelasan ringkas.
[6 marks]
[6 markah]
ii) Sketch a simple diagram that connects these three components.
Lakarkan gambarajah mudah yang menghubungkan ketiga-tiga komponen
ini.
[2 marks]
[2 markah]
The spectral emissivity of an opaque surface at 1200K is approximated as:

Kadar pelepasan spektrum permukaan lega pada 1200K dianggarkan sebagai:

& =0, A<Zum
& =085, 2<1 <6um
eg=0, A>6um

Determine :

Tentukan :

1) the total emissivity of the surface and

Jjumlah kadar pelepasan oleh permukaan

[7 marks]
[7 markah]
ii) the emissive flux from the surface, in W/m?
kadar pelepasan fluks dari permukaan, dalam W/m?
[3 marks]
[3 markah]
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QUESTION 4
SOALAN 4

a) Heat exchangers are classified according to flow arrangement and type of

b)

construction.

Penukar haba diklasifikasikan mengikut susunan aliran dan jenis pembinaan.

i) Identify THREE (3) types of heat exchanger.
Kenalpasti TIGA (3) jenis penukar haba.
[3 marks]
[3 markah]
ii) Identify TWO (2) types of flow arrangement of cross flow in compact heat

exchanger.

Kenalpasti DUA (2) jenis susunan aliran di dalam aliran silang penukar

haba padat.
[2 marks]
[2 markah]
Water at an average temperature of 107°C and an average velocity of 3.5 m/s
flows through a 5-m-long stainless steel tube (k = 14.2 W/m - °C) in a boiler. The
inner and outer diameters of the tube are Dy = 1.0 cm and D; = 1.4 cm,

respectively. If the convection heat transfer coefficient at the outer surface of the

hDp

tube where boiling is taking place is hy = 8400 W/m? - °C. Given Nu =—

0.023 Re?%8pr%4+ determine:

Air pada suhu purata 107 ° C dan halaju purata 3.5 m / s mengalir melalui tiub
keluli tahan karat 5 m (k = 14.2 W/ m . ° C) dalam dandang. Diameter dalam
dan luar tiub adalah Dy = 1.0 cm dan D, = 1.4 cm, masing-masing. Jika pekali
pemindahan haba konveksi pada permukaan luar tiub di mana mendidih sedang

berlaku ialah hy = 8400 W/m? - °C. Diberi Nu=h—1;’5=0,023 Re%8pro4

tentukan :
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i) the thermal resistance.

kirakan rintangan haba.
[8 marks]

[8 markah]

i) the overall heat transfer coefficient U; of this boiler based on the inner
surface area of the tube.
pekali pemindahan haba keseluruhan U; dandang ini berdasarkan kawasan

permukaan dalam tiub.

[2 marks]

[2 markah]

¢) A long thin-walled double-pipe heat exchanger wifh tube and shell diameters of
1.0 cm and 2.5 cm, respectively, is used to condense refrigerant 134a by water at
20°C. The refrigerant flows through the tube, with a convection heat transfer
coefficient of by = 5000 W/m? - °C. Water flows through the shell at a rate of 0.3

kg/s, determine the overall heat transfer coefficient of this heat exchanger.

Penukar haba paip berganda yang panjeng serta berdinding nipis dengan tiub
dan diameter shell masing-masing 1.0 cm dan 2.5 cm digunakan untuk
menyejukkan penyejuk 134a dengan air pada 20 °C. Penyejuk mengalir melalui
tiub, dengan pekali pemindahan haba konveksi h; = 5000 W/m? - °C. Air
mengalir melalui shell pada kadar 0.3 kg / s. Tentukan pekali pemindahan haba

secara keseluruhan bagi penukar haba ini.

[10 marks]
[10 markah]

SOALAN TAMAT
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SULIT DGP3113: HEAT TRANSFER

Formula list / Senarai formula

CONDUCTION

The elementary thermal resistance relations:

. ‘ L
Conduction resistance (plane wall): R, = A
) ) ) Intra/ry)
Conduction resistance (evlinder): RS
' : 2wlk
: ; £ =8
Conduction resistance (sphere). Ry e
PR dqrr ok
e _
Convection resistance: R =77
hA
CONVECTION

The average friction coefficient relations for flow over a flat plate:

i 5 1.328 ;o .
Laminar: ¢, = — Re, <3 X 1D
Rc.,- " '
L0074 - g .
Turbuleni: .= s Sx 07 =Re; = 1
_ 0074 1742

Cenmbined: =~
R ¢y R‘:}

5% 107 = Reyp = 107

b

Fise. g~
Rough surface. turbulent: Gp= [ 89 = 162 Jog Z}

The average Nusselt number relations for flow over a flat plate:

5 - hi “ P e 5
Laminar:  Nu = ik ().664 Rey” Pri- Re, < 5 X 10
Turbulent:

. 06=Pr=o60
Nu = LA (1.037 Rey " pri® - 5
k ' S % 107 = Rey = 107
Combined:

. hi D . o D= Pr=60
Nu = T = (0,037 Re¥™® — 871 Pri™

3% 105 = Re, = 107
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SULIT DGP3113: HEAT TRANSFER

The average Nusselt number for cross flow over a cylinder and sphere:

A5

) 062 02 ppifd
Ny, = % =13 =+ 62 Re’ " Pt

i o Re ‘5‘“
[T+ 03/ Pre3pia i:x:_[)nm

which is valid for Re Pr > 0.2, and

£

_hD

s ¥ 2D 0 B iV
on =T =2+ [0.4 Re!’ + 0.06 Re*|Pr J(E.}

Nu

which is valid for 3.5 = Re =< 80000 and 0.7 = Pr = 380
RADIATION

Stefan—Boltzmann law: Ex(T ) = 6T * ;6 =5.670 x 10 * W/m*K*
Spectral blackbody emmisive power;

[
T! e - '_""___=_\ § "\\7 Y }j,l]! !
Afexp tGInDy — 1
where
C, = 2wher = 3742 X 108 W - um¥/m”

C. = heyfk = 1439 > 100 pm - K

Wien’s displacement law:
= 28978 pm - K

N oAt

HEAT EXCHANGER

Overall heat transfer coefficient U or a total thermal resistance R, expressed as:

i J | ] e sl
i i g S B R\ralifm—

A, UA;  UA, ff/”‘.:*

The effects of fouling on both the inner and the outer surfaces of the tubes of a
heat exchanger can be accounted for by:

I S
UA, UA UA, -~ R
N R, DDy R 1
~hA A 2wkl A, hoA,

LMTD method, the rate of heat transfer

Q = L'r'qs ATi!’]I
where
_— AT, — AT,
%7 (AT /AT

11
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SULIT DGP3113: HEAT TRANSFER

TABLE 11-2

Biackbody rad:aliocn functions f,

T

1 Ch Ch 3 o
o~
o]

!
I3

[Ra]

G, 000000
: O.000G00
&04¢ G.000200
O Q.000016 5 &
1003 200371 7000

L00zZ134 7200

P
D

b
-C'I .C:t

LW

o

(B3]
L i Y

»4)
e
IR =

>y
T 00

L AN T =
LI T N T S s N Y T g O S Y

Lo I v O o e o

754140

769234

783199

796129

802103
1200 819217
1403 007750 7400 0.829527
1600 0.019718 7500 0.839102
180 £.03934) 7800 0.848005
2000 C.066728 8000 0.856288
2200 0.100838 8500 (874608
2400 3.120256 5000 0.890029
2600 0.183120 0 503085
2500 3.227857 0.514199
3000 0.273232 0.62371C
3206 0.318102 0 G318%C
3200 5.351735 0.339959
€00 3.402507 0.545098
5800 0443382 0556139
4000 0.480877 362598
4200 2.616014 £5981
4400 2.5487%6 0.573814
4500 3.579280 0.580B6C
4802 0.507559 20,000 0.985602
5500 5.633747 75000 0992215
5200 2.558970 30,000 0.99534C
5200 2580360 20,000 57367
5500 0.701046 £0,0C0 28353
E8C 0.720158 75,000 0.939713
501 0.737818 100,000 0993905
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Eoiling Data al | atm

Fregzing Uata

Normal  Latent Heat of Latent Heat Specific

Boltng  Vapnorization Freszing ot Fusion  Tempe Heat
Substance Pont. © . kifkg Point C . Rilkg K IRgK
Amnenia =333 1387 -77.7 322.4

Argon - 1854 1ol
Benzene 80.2 354
Brine [20% sadium

chilonide by massi

~Hutane 3852
Carbon dicade 2305{at OC
Ettianol B3RB.3
Ethyl alcal 855
Etnylene giveol 800.1
Glyzerine 474
Helipm

Hydrogen

Ispputans

Kernspne

Aercury

IMethang

lheinenst

Mitroeen

o
o

oV

=
v

z8 !
126 i.72

- 20

50.3 —0.5

DM ON W
> Ut L

T
e ]

59.5
5.7

)
B

L
w0
[T S ]

10—

S

Dctane 1248 6.3 -57.5 180.7
L83 2188 13.7
187 30.5
Refrigerant-174da -26.1 2168 -386 —
Water 105 2257 2.0 438.7
LT TR IO TIA Ai% - 1 1k sl g 5 paas Bl e beszag ¥
LS peTe
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o salurated walaer

Enthalpy Specthic
ot Heat
Yapwizalion . JREK

Therma!
Londustivty
W, Wim-K

Valusie

Prangl Zxpansion

Dynamic Viscosiy Humiter Taothrient
. Rgimes By

~Qwn

Liguid

Vapar

amye

0.56:

3871
1,580
0.575
0.508
0.807
0.6.86
0.627

R
565
2.65%

il oher
00:7a
0.017%
0.0176
40182
9588
0.5189

Q022
G.02:8
2.62

S0

Yoo
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Specrii Therma! Thermal Diynanic Kinematic Prandti
Temp Density Heal Conouctivity Diftusvity Yisuosity Viscosity Number
I.C . Kgim ¢, Jng-k KWK w ms . kprmes r, ey Pr
150 2.566 983 GO 4 158 « 10 EB3D A0 3 * 10 ¢
100 2038 46€ 0.0158% > 10 1189 » 10 5 - 10
=50 1.682 994 0.01974 2 x10 1474 = 10 9, < 10 ¢ 07440
- 40 J 514 1607 0.02087 o 182710 15 i .7436
20 145! 10 3 « 10 1.579 % §0 * 1] LI 0.7428
20 ! 394 1005 10 1630 » 10 1.i6% = 10 ° 0.7408
10 1.24] 1006 ; i 1.580 = 1C° 1262 =10° 0.7387
9] 1. 1006 002364 i0 1728 % 10 1.338 =« 10 © 0.7362
B i} 1006 207401 » 18 1.764 » 10 1.382 > 10 ° 0.7354
10 1006 002439 Hy# 1778 > 10 ¢ 1.426 » 10 ° 0.7336
15 1ea7 CO2476 20 * 10 1470« 10 7 Q.7323
1607 g 1.516 < 1D
23 007 i) 1662 > 19 °
30 oo i 1608 ¥ 10
a5 10 * 1635 = 10"
<0 10 :702:%.10 7
45 < 10 1.750 » 10 *
50 10 ° 1L.798 » 10 °
60 o 1BGH » 10 *
/G 10 1,885 » 10 °
<10 ° 2087 #3107
10 - 2201 5 1067
» 10" 2306 + 0
n - 2522 % i@
10 2745 - 107
167 2975 2107
14 321z« 30"
1o 3.455 < 10
9-~10° 40%) » 10"
» 10 ° 4.7 107
10 5475 10"
0 6219~ 107
PR 6997 » 10 °
0 4L6E5 Ao 780H 107 G 6486
o 0404z x~ 10" i g el .7037
S04 03657 10 Liz3 =10 ¢ 67092
B0 {.328% » 10 1.326 » 10 ¢ G 7149
200 0.3008 Yw 10 1.529 = 10 ¢ 0.7208
1o0u 02770 250 J 341 <0 07260
1500 Q.1990 feRt 2922 » 10~ 07478
2000 Q1553 5 M AZ70 <3G ¢ 07539
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