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Ql (a)

(b)

BNQ 20244

(i) Define 'convective heat transfer' and 'convective mass fransfer'.
(2 marks)

(il) Explain the similarities between 'convective heat transfer' and
'convective mass tansfer'.

(3 marks)

Describe the significance of the Reynolds and Nusselt number to heat

transfer calculation.
(4 marks)

Explain the following statemenf 'Countercurrent heat exchanger is more

effective than aparallel flow exchanger'.
(6 marks)

Illustate and explain the mechanism of heat transfer between two fluids
that occur in a heat exchanger.

(10 marks)

F
&

(c)

(d)

Q2 A counter-flow double pipe heat exchanger is to heat water (Co: 4.18 kykg."C)
from 20 "C to 80 qC at a rate of l.Zkgls. The heating is to be accomplished by
geothermal water (Co:4.31 kJ/kg."C) available at 160 qc at a mass flow rate of 2
kg/s. The inner tube is thin-walled and has a diameter of 1.5 cm. If the overall
heat transfer coefficient ofthe heat exchanger is 640 \Mm2- 'C,

(a) Propose the geotherrral water outlet temperature.
(10 marks)

O) Calculafe the length of the heat exchanger required to achieve the desired

' heating' 
(15 marks)
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A tube bank use a staggered arrangement of 30 mm diametertubes with Sn:S,,:60
mm and arbe length of 1 m. There are l0 tube rows in the flow direction and 7
hrbes per row. Air with upstream conditions of T = 27 oC and V: 15 m/s is in
cross flow over the tubes, while a tube wall ternperahre of 100'C is maintained
by steam condemsation inside the tubes.

(a) Determine the airtemperature leaving the tube bank
(10 marks)

O) Calculate the heat trmsfer between air and tubes.
(15 marks)

(The physical properties of air could be extracted from Table a3 (r) and the
additional data could be obtained in Table Q3 (ir) and (iii)).

A solid nonporous spherical ball, naphthalene, with diameter of 2 cm is zuspended
in still air at 347 K and 1.01325 X lO5 Pa (1 atn). The naphthalene slowly
evaporates, releasing the naphthalene into the surrounding air by molecular
diffusion process. Naphthalene has a molecular weigl-tt of 128 g/mol, a solid
density of 1.145 g/cm", diffirivity in air of 8.19 x I0" m'ls and exerts a vapor
pressure of 666 Paat347 K.

(a) Draw and label the process mentioned above.
(5 marks)

O) Estimate the time required for the naphthalene to completely evaporate.
(20 marks)

A2 cmdiameter, stainless ste€l ball (p = 7865 kglm3, Co = 0.46 kJ/kg oC and k:
6l Wm.'C) is uiforrrly heated to Ti: 800 oC. It is to be hardened by suddenly
dropping it into an oil bath at T- : 50 oC. The heat transfer coefficient between
the surface of steel ball and the oil is h : 45 Wm2.oC. If the handening pnocess

completed when the temperature of steel ball reach 100 qC,

(a) Calculate the characteristic length and biot number for the case above.

Q4

as

(5 marks)

QA marks)
(b) Determine the time for the ball to be keep in the oil bath.

-ENDOFQUESTTON-



CONFIDENTIAL BNQ 2A20/,

T.INAL EXAMINATION

SEMESTER/SESSION: SEMM015|2OI6 PROGRAMME: BNN
COLIRSENAME : HEATAI.IDMASSTRANSFERS COURSIECODE:BNQ20204

Unit Conversion

Rvalue

R: 8.31451 J K-r mofr : 8.20578x104 Latm ICr mofr: 8.31451x10-2 L bar ICr mol-r
: 8.31451 Pa m3 K'l mofl :62.364L Torr K-l mol I : 1.98722ca1ICI mol I

Liquid water properties at 4 oC Q772K)

Density (p): 1000 kgl-'
: I g/cm3

= 62.431bJft3

Temperature

K: oC +273.15
oF:32+ 1.8(oC)
oR= oF + 459.61
100 oC :212 oF + 373.15 K = 671.67 "R
0 oC = 32oF :273.15 K:491.67 oR
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Table Q3 (r)

A.},3 PLysicet Prope*ics af Air el I0IJ25 kPe (I Atm Ab's)' SI Units

yx l?s
T T p c] (Po.s,rr'-* k PxN' g\Ftbz-

fcl tKl lki/llrl$Jftit.K) tg/,"'s) {ilr}n'f$ lrr,, IttK) {ffK'nr}

- !7.8 255.4 lt3?g 1.0048

$ ??5: I"293 I-Sf,148

lss 283J 1,346 1-9048

3T-S 3l I-O 1.137 l-s048
65.6 33S.8 I.043 I.0090
93'3 366.5 S"9S4 1.Sffi0
l?I.t 394-3 0,E9J L0l3?
l4&9 422.r S.S38 I.Sl?4
t?6.? 4499 $.?85 I-0?I 6
?s4-4 471-6 S.?4S l-S?58
?3?.2 505,4 S.?0S 1.0300

260.0 533.? O662 1.034 I

l-6? 0.02?50 0"720
l-?2 tl.s24?3 S.715

t.?8 0.s?4+2 s.?13

Lgo 0,0??ss 0.7$5

3,$3 fl.S?925 07$2
els 0.$3t t5 0"694
?:? s.01323 0.s9?
2.3? 0,S353tr O.$89

?.50 0"s3?2I 0.68?
2"60 S.$3894 0.686
1,7 I 0.s4084 06S4
2.90 0"$4?58 06SO

3.92 2-?9 x tOs

3-65 ?.04 x IGn

3.53 132 x l0n
3.22 Ll2 x l0r
2-gS 0.??5 x I0*
2j74 S.534 x 10s

2-54 0.3S6 x l0r
2.38 0.?89 x I0r
2.21 0.214 x I0r
2.09 0-16S x I0t
1,98 0.13S x tOt
I.''8? 0.104 x tOt
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TableQ3 (ir)

T*nrc *&2. Yafues 6f C attd m Ts.Be Used in Eq. {4-6-I } far lleet
Transfer is scnks af Tuhes containi:w More Thon
I0 Trarwrlsrse Bows

AwangementCfrCrnCn'

In-li*s 0.3S6 S.592 0.2?8 S'620 S'254 0'632

Sta8gpred CI.5?5 0.556 $.511 0.56? CI.535 0'55f

Sourre: E- D. Grimis,sn, frcr$. ,4,SIt'fE 5S, 5S3'{Ig37l'

TableQ3 (iii)

TIBLE 4.6-3. Rdio af hfwN Transuerse Rows Deep ta hfar Ia Transaerse Rows Deep

{fo, U.se }dffi Table 4-6-2 }

N12345678910

Ratio for 0.68 0-75 , 0,83 0'89 A92 095 0'9? 0'98 0'99 1'00

staggered tubes

Ratio for 0.54 0.80 u8? 0.90 0.92 0"94 0.96 0.98 0.99 l'00

in-line tubes

$onrce : W. M. Kays and R. K. Lo. S tanfotd l|}ria' Tech- Repl 15, Navy Contrast NGONR-251 T'0'6' lS52'
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FORMULA

HEATEXCHANGER

Cold stream Q, : mcc o.(\o - T"r)

Hot stream Q* : tn r{ en{Tu, - T*o)

A = U.A.(AT,*)

1 1 ln(rolr,)_ I

-:-+-(UA) o (hA), (27rL)k (hA),

ss-cuHREilT HF$I Fl{.gHAHsER

AT _{Toi-7";)-(4 o-1o)
rm-

h(G'-4J)
G" -Tro)'

$$ITHTER *u*RsHT HFsr EXsf{Ail€ER

tT^,-\o)- (qr"-\,)
Ir\'f'"i.m -

rnr(4'-4JlIL-\,)'
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Flow Past Banks of Tubes or Cylinders

I
NNU-CNo^Nni

rr PV^,*D
/Y.RE,roo = 

p

rr VSn-rn'( sr-D

NNL,l".ro : crN tru

hD
N *uo = 

k

ql: Ah(T* -To)
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MOLECULAR DIFFUSION

N,: DAIP (P^-Pn)A- Rkr-4)p*

Pm-hr - P,a-Pa.h*r' -^"'"r lr{hl p") k{P-p^l P-pr)

Pnu - PmlPnz
z

t P,ert'RTPM|-oP - azM,EDnf(pnr- p,ar)
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UNSTEADY STATE IIEAT TRANSFER

N u,: 
hxr

k

Vxr=-
A,

cylinder

a?r
tt1

I)

L

sphere

rx,:t-t {J
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