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QUESTION ONE: [30 marks]

a) Heat transfer can be explained using the laws of thermodynamics. Which laws
explicitly explain this phenomenon. (2mks)

b) Explain the heat transfer problems encountered in real life practice. (4mks)
c) You are to design a heat exchanger.
i. State the study technique you will employ (1mk)
ii. what are the advantages of the study technique you have chosen. (2mks)

d) Describe fully the equation Q

conv

=hA(T,-T,). Under what circumstances does it

apply? (5mks)

e) Water is poured onto a smooth floor, with aid a well labeled diagram, show all
the horizontal and vertical layers of the flowing water after turbulence is
attained. (7mks)

f) Define absorptivity «, reflectivity p, and transmissivity 7 of a thin surface,

include the information on a single diagram. (4mKks)

g) Metallic water supply systems were changed to plastic pipes. This was to cure
what type of fouling (2mks)

h) The human eye is more sensitive in detecting EM radiations at about 500 nm
(blue-green light), if this coincides with the A, for the sun (a blackbody),

calculate the sun’s surface temperature. (3mks)

QUESTION TWO: [20 marks]

a) State two factors that make heat transfer by thermal radiation more effective
(2mks)

b) A 20 cm diameter spherical ball at 800 K suspended in air in an enclosed room.
Assuming the ball closely approximates a blackbody, determine [Stefan-
Boltzmann constant o =5.67x10° W/m2-K*]

i. the total blackbody emissive power, (2mks)
ii. the total amount of radiation emitted by the ball in 5 min, and (4mks)
iii. the spectral blackbody emissive power at a wavelength of 3 #M. (4mks)



c) During the flow of air at T, =20 °C over a plate surface maintained at a constant
temperature of T, =160 °C, the dimensionless temperature profile within the air

T(y)-T

layer over the plate is determined to be = =¢¥, where a = 3200 m! and y

is the vertical distance measured from the plate surface in m. Determine the
heat flux on the plate surface and the convection heat transfer coefficient.

(8mks)

QUESTION THREE: [20 marks]

a) Water is to be heated from 15°C to 75°Cas it flows through a 3 cm internal
diameter 5 m long tube. The tube is equipped with an electric resistance heater
that provides uniform heating throughout the surface of the tube. The outer
surface of the heater is well insulated, so that in steady operation all the heat
generated in the heater is transferred to the water in the tube. If the system is to
provide hot water at a rate of 10 L/min, determine the power rating of the
resistance heater. Also, estimate the inner surface temperature of the tube at the
exit. (15mks)

b) A 2 m long, 0.3 cm diameter electrical wire extends across a room at 15°C. Heat
is generated in the wire as a result of resistance heating, the surface temperature
of the wire is measured to be 152 °C in steady operation. Also, the voltage drop
and electric current through the wire are measured to be 60 V and 1.5 A,
respectively. Disregarding any heat transfer by radiation, determine the
convection heat transfer coefficient for heat transfer between the outer surface
of the wire and the air in the room. (5mks)

QUESTION FOUR: [20 marks]
a) State four ways by which heat transfer is enhanced in a heat exchanger (4mks)

b) A new heat exchanger is assumed to have a fouling factor of zero, what would
cause this factor to increase? (3mks)

c) Charge-coupled device (CCD) image sensors, that are common in modern digital
cameras, respond differently to light sources with different spectral
distributions. Daylight and incandescent light may be approximated as a
blackbody at the effective surface temperatures of 5800 K and 2800 K,
respectively. Determine the fraction of radiation emitted within the visible



spectrum wavelengths, from 0.40 xm (violet) to 0.76 xm (red), for each of the
lighting sources. What observations can you make? (7mks)

d) A 5 m long section of hot- and cold-water pipes run parallel to each other in a
thick concrete layer, as shown below.

The diameters of both pipes are 5 cm, and the distance between the centerline of
the pipes is 30 cm. The surface temperatures of the hot and cold pipes are 70°C

and 15°C, respectively. Taking the thermal conductivity of the concrete to be
0.75 W/m-K, determine

i. The rate of heat transfer between the pipes. (5mKks)
ii. How can the heat loss for this configuration be reduced. (1mk)



Appendix:
Stefan-Boltzmann constant o =5.67x10"° W/m?.K*
Wien’s constant = 2.898x107° m.K
C, = 27hc2 =3.74177x10° W- 1z m*/m?
C, =hc, / k =1.43878x10" 1 m-K
The properties of oil at 80°C are
p =852 kg/m®
k =0.138 W/m.K

v =3.794x10°° m?/s
Pr=499.3

Table 1: Blackbody radiation function, f,

AT, pm.K r AT, pm-K A
200 DLOOO000 &200 0754140
400 L0000 G400 0. 7E5234
BO0 CLOO0000 &E00 0723159
BOO DLOD0016 &BO0 0736129
1000 DLOD03Z1 7000 OLB08109
1200 DLOO2134 7200 OLE15217
1400 0LOO7 30 7400 OLEZS5ZT
1600 0015718 TEOD OLE3IF102
1800 0LO35341 TBOD OLB4B005
2000 DLOGETZE B000 OLE5EZES
2200 0100888 a500 OLE7 4608
2800 0140255 2000 0230029
2600 DL1B31Z0 500 0903085
2800 DZZTEIT 10,000 0914153
3000 DZ73ZFAZ 10,500 OL9Z3T10
3200 0318102 11,000 0331850
3800 0361735 11,500 0935953
3600 OL403E07 12,000 0.94 5058
3800 D.443387 13,000 0955139
4000 OL4BOETT 14,000 0962858
4200 OU51E014 15,000 0365581
4500 OU548735 16,000 O.973814
4600 DS FSZE0 12,000 O.3B08E0
4800 OLG07 553 0,000 0385607
5000 OLG33TAT 5,000 0992215
5200 DLEBESTO 30,000 0935340
%400 DLEBO3E0 40,000 O.II7GET
500 OL701 D46 =0, 000 0938553
SB00 0.7 20158 75,000 0995713
&000 O.737E1S 100,000 0LII5505

Table 2: Nusselt number for fully developed laminar flow in a circular annulus with one side
insulated and the other isothermal

Do, M, Mu,
Q.00 — 3.66
0.05 17.46 4.06
0.10 11.56 411
0.25 T.37 4.23
Q.50 .74 4.43

1.00 4.86 4 B6




Table 3: Properties of saturated water

Voluma

Enthalpy  Spacific Thermal Prandt Expansion

Saturation Densify af Heat Conductivity Dynamic Viscosity Number  Cosfficient
Praszure p g’ Vaprizion c, Mgk k, Wim-K i, kglms Fr B 1K

Temp.
]’.'LF Fuhfa Liqud Vapor hykibg Liguid Vapor Liquid Vapor Liquid Vapor  Ligud Vapor  Liquid

i) 06113 9398 00048 2601 4217 1854 0GRl 00171 1792x107 0822x10% 135 100 -0.068 x 10

] 08721 19999 00068 2490 420 1BET 0571 00173 1619x10- 0934x10% 112 100 0015%10-
10 LiZle 9997 0009 2478 4104 1862 0580 00176 1307107 OMex10° 945 100 0733x10°
15 L7051 9991 00128 2de6 4185 1863 0580 00170 1138x10 085910 809 100 0138x10°
20 2330 090 00173 2454 4182 18T OROB 00182 100210 047310 7001 100 01910
i 31169 0970 00231 2442 AIED 1870 0607 00186 0BGl x 10 088710 &14 100 0.247x10°
0 4246 090 0034 2431 A7 187h 0615 00180 07910 L001x10° 542 100 0.294x10°
3 RE2E 0940 0039 2419 417 18R0 0623 00192 0720x107 1016k 10 483 100 0337« 107
40 1384 0921 00R12 2407 170 18BR 0631 0019% ORS¢ 10 1031x10= 432 100 0377« 102
45 003 0600 00e%:  23%  A1BD 1852 0637 00200 0R% 10 LOd6x 10 381 100 0415x10°
50 1235 U8l 00831 238 A181 1900 O6dd 00204 0547107 106210 355 100 045110+
BG 1676 9852 01045 2371 4183 1908 0640 00208 0604107 107710 335 100 048410+
B0 1994 0833 01304 2339 418F 1916 0654 00212 0467 =107 108310 299 100 051710
b5 603 UEDA 01614 34 AIBT 1926 O6ED Q0216 0433x107 1110wx10* 275 100 054810
10 19 75 01983 233 A190 1936 Q663 00221 0404x10 112610 2355 100 0578x10-
15 B\EE TAT 0M2 BN M3 1ME 0667 0022 037Ex100 1042x10% 238 100 0RD7x 102
80 47139 0718 0203 309 M07 1962 0670 00230 0385107 105910 222 100 0653w 10
B BTET  GeE1 0383 2% 4201 1977 0673 0023 0333x107 1176x10* 208 100 067010
a0 014 9653 0423 2281 4206 1993 Q670 Q0240 0315x107 1083x10* 1% 100 070210
o5 BARR OR1E 0RO 220 412 2010 0677 00246 029710 1210x10° 18 100 OM6x10°
10 10133 9579 0578 25 217 208 0679 00261 0282x107 120x10° 175 100 O780x 10

Table 4: Properties of air at 1 atm pressure

Specific Thearmal Thermal Dynamic Kinematic Prandtl
Temp. Censity Heat Conductivity Diffusivity Viscosity Viscosity Number
T.°C p, kgm? Cp, JhEK Kk, Wim-K a, M5 A, hg'ms », M5 Pr
—150 2.B66 983 0.01171 41658 x 10°% B.B3E x 10°F 3013 x 10°° 0.7246
—100 2.038 966 0.01582 B.036 = 10°% 1180 x« 10°*% 5.837 x 10°F 0.7263
—k0 1.582 909 0.01979 1.252 x 10°* 1.474 » 10°% 9.319 x 10 0.7440
—40 1.514 1002 0.020587 1.356 x 10°*® 1.527 = 10°* 1.008 x 10°® 0.7436
—-30 1.451 1004 0.02134 1.465 = 10" 1.579 « 10°* 1.087 x 10°® 0.7425
-20 1.394 1005 0.02211 1578 x 10°% 1.630 = 10°% 1.169 x 10°% 0.7408
-10 1.241 1006 0.02288 1.696 x 10°* 1.680 = 10°% 1.252 x 10°% 0.7387
0 1.292 1006 0.02364 1.618 x 10°* 1.720 x 10°*® 1.338 x 10°® 0.7362
5 1.269 1006 0.02401 1.BBD x 10°® 1.754 =« 10°* 1.382 x 10°® 0.7350
10 1.245 1006 0.02439 1.944 % 10-# 1.778 = 10-= 1.426 = 10-= 0.7336
15 1.225 1007 0.02476 2.009 = 10+ 1.802 = 10-= 1.470 = 10-= 0.7323
20 1.204 1007 0.02514 2.074 = 10 1.8256 = 105 1.516 = 10-% 0.7309
25 1.184 1007 0.02551 2.141 = 10-* 1.849 = 10-% 1.562 x 10-= 0.7296
30 1.164 1007 0.02588 2.208 x 10 1.872 = 10-= 1.608 = 10-= 0.7282
35 1.145 1007 0.02625 2277 = 10+ 1.855 = 10-= 1.655 x 10-= 0.7268
40 1.127 1007 0.02662 2,345 x 10 1.918 = 10-% 1.702 = 10-% 0.7255
45 1.109 1007 0.02699 2416 = 10-% 1.941 = 10-% 1.750 = 10-® 0.7241
50 1.092 1007 0.02735 2487 = 10+ 1.963 = 10-= 1.796 x 10°= 0.7228
60 1.055 1007 0.02808 2.632 x 10 2.008 = 10-= 1.896 = 10-= 0.7202
70 1.028 1007 0.02881 2.780 = 10+ 20582 = 10-= 1.995 x 10-= 0.7177
80 0.9994 1008 0.02953 2.931 x 10 2096 = 10-® 2.097 = 10-% 0.7154
90 0.9718 1008 0.03024 3.086 = 10 2.139 = 10-® 2.201 = 10-= 0.7132
100 0.9458 1009 0.03095 3.243 = 10+ 2.181 = 10°= 2.306 x 10-= 0.7111
5
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