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There are 6 (Six) questions. Answer all of them. Marks of cach Question and the corresponding CO and PO arc
writien in the brackets. The symbols have their usual meanings. Al the necessary cquations are attached
afierward. Assume reasonable valus for any missing data. Programmable caleulators are not allowed. Do not
write on this question paper.

1. #) Draw the typical boiling curve for water at 1 atm pressure and identify the different boiling (1)
regimes. Also, explain the characteristies of each regime in dotail. o
b)  Explain with necessary cquations that, for the same inlet and outlet temperature of the hot _(9)
and cold fluid, counter-flow heat exchangers are smaller in size than parallcl-flow heat (€01
exchangers. @on
2. @) Develop the cquations of overall heat wransfer coefficient and Log Mean Temperature  (20)
Difference (LMTD) for counter-flow double pipe heat exchangers. *(i‘gi:
@)
b) For phase change heat exchangers, derive that, an
(co2)
TH=T‘+(T:m_T,)(17exp( P02
@)
3. @) Aheat exchanger is to cool ethylene glycol (Cy = 2560 J/kgK) flowing at a rate of 3.5 kgls ~ (19)
from 80°C to 40°C by water (C; = 4180 J/kgK) that enters at 20°C flowing at a rate of 2.4 (€03
kg/s. The overall heat transfer cocflicient based on the inner surface arca of the wbe is 250 ({10
W/m?K. Determine the heat transfer area for |
counter-flow DPHX
) parallel-flow DPHX
i) one shell pass and four tube passes, STHX
i) cross-flow, one fluid unmixed, CFHX
¥) cross-flow, both fluids unmixed, CFHX
b) Hot oil (Cy = 2440 J/kgK) is 10 be cooled by water in a 2-shell-pass and 8-tube-pass heat ~ (15)

exchanger. The tubes are thin-walled and are made of copper with an internal diameter of 1.4 (€03
em. The length of cach tube pass in the heat exchanger is 5 m, and the overall heat transfer w',",ﬁ}
coefficient is 310 W/m’K. Water (Cp = 4180 J/kgK) flows through the tubes at a rate of 0.2

kg/s, and the oil through the shell at a rate of 0.3 kg/s. The water and the oil cnter at
temperatures of 20°C and 150°C, respectively. Determine the rate of heat transfer in the heat
exchanger and the outlet temperatures of the water and the oi. If the water flow rate is reduced

100.1 kg/s, what will be the new outlet temperatures?
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Oilis 10 be heated from 30°C using hot water at 100°C. Oil flow rate is 0.1, kg/s, while water
flow rate i 0.5 kg/s. The heat exchanger is made of 2 x 1 1/4 std. type M eopper fubing that
is 5.0 m long. Using appropriate fouling factors (g ~ 0.00035 m”KW and Rao = 0.00088
m*KW), rate the new and used DPHX, if water flows in the pipe.

Imagine you're the chief enginer of a cutting-edge sicam power plant, where every detail
counts for optimal performance. In this secnario, the condenser operates under a pressure of
9.593 kPa, and steam condenses on the outer surfaces of pipes as cooling water circulates
within. Picture this: the pipes. with an outer diameter of 3 em, are diligently maintained at a
constant surface temperature of 30°C. Now, here's the challenge: you're tasked with
determining the rate of heat transfr o the cooling water, but there’s a twist. You must consider
three different scenarios

i) the orientation of the pipe is horizontal

ii) the orientation of the pipe is vertical

iii) 12 horizontal tubes are arranged in a rectangular array of 3 tubes high and 4 tubes wide

~

|
wgaem ¥ Y

Your mission is to calculate the rate of heat transfer for each scenario and then select cither
vertical or horizontal orientation which reigns supreme. Choose wisely, for the future of your
plant may depend on it

A flow rate of 2.5 kgs of water, Cp = 4.19 kI/keK, enters one end of a counterflow heat
exchanger at a temperature of 20°C and leaves at 40°C. Oil (Cp = 1964 J/kgK) enters the other
side of the heat exchanger at 50°C and leaves at 30°C. If the heat exchanger were made
infinitely large while the entering temperatures and flow rates of water and oil remained
constant, what would be the rate of heat transfer in the heat exchanger be?

A cross-flow air-to-water heat exchanger with an area of 52.4 m? is used to heat water (Cp =
4180 J/kg k) with hot air (Cy = 1010 J/kgK). Water enters the heat exchanger at 20°C at a rate
of 4 kgs, while air enters at 100°C at a rate of 9 kg/s. If the overall heat transfer oocﬂ'mml
based on the water side is 260 W/mK, determine the heat transfer rate and o
temperatures. Assume one fluid mixed, and the other unmixed.

Consider a 0.5-mx0.5-m thin square plate in a room at 20°C. One side of the plate is
‘maintained at a temperature of 90°C, while the other side is insulated. Determine the rate of
heat transfer from the plate by natural conveetion if the plate is (a) vertical, (b) horizontal
with hot surface facing up, and (c) horizontal with hot surface facing down.

a0
(o8

(PO4)
®1PY)

®1p2)



Necessary Equations and Charts

Factor I charts for common heat exchangers

G102 03 08 05 05 07
{0 One-shell pass nd 2. 4. 6. exc. any muliple of

0s

s I TN LAV
0 01 02 03 04 05 06 07 08 09 10 P
(c)Single-pass cross-low with boeh lids unmired

05 1
0 01 02 03 04 05 06 07 08 09 10
() Single-pass cross-flow with one fuid i and the other wnmized.
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Condensati

I, = Iy + 0.68C,, (T, — T))

/.M—om[ PRE—— (WimtK).,  0<Re<30

20,0, ~ P, P]w
(for vertical plates or tubes)

o~ POk
b VArK)

0= p0) /(,;k?]“‘
o = 0729 | T2l

=079
(for horizontally oriented tubes)

(for tube banks)

‘quations for DPH.

+ Lamivar: N = 18602 (2)""; G2 = it

o Turhulent: Nu = 0.023R" Py

0.4 : heating
0.3 : cooling

o acor = { S0 SV e ertend e
Pipe area

o Equivalent diameter, De, = Dh,, = ID,,

© Pressure drop, AP, = f, 7= (40, V). Eeore =

Annular area
10300}

® Dh,=1ID,-0D,. De,

s 4 e & = OD,/ID,
« AR = (fu

+ (V)

Dimensions and Weights of Types K, L, M and DWV Seamless Copper Tubing:

Formralo e Tide
Sandao 20, | Darwe i Danete n.
ATy
I 3
(=)
7 3
5 7
3
T e}
0 a7
iz 1825
7
B0
3
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-
flectiveness Charts for common heat exchanger
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TSt nuia
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a0 Parle-fow

3 3
Nawber oftamsfer it NTU = 4L

G
Nurmber of tramfer nits NTU

) Counter-tow

10 100
0 T wof——
w
N N
0 - 0
| Tube |
L |
o o
T ¥ g
Nomber ofransfee units NTU = 4 UIC,p, Normber of transfer
1 One-shell s and 2,14, 6.... b passes

) Tworshel pases and 4.8,
100

Nurmber of ranfer unis NTU = 4,UIC,

) Crons-flows with both fluids nmised

) Cross-low with ane fuid mixed and the
ocher unmixed



‘quations for Natural Convectior

Empirical correlations for the average Nussel

mber for natural convection over surfaces

Characteristic

Geometry tength RangeotRa | Nu
Vel phte + oor — 19
x 0100 o1kl 9200
L 0387Ral"
. (complx bt more accurate)
Use vertica late equations for e upper
oclinedple surtsce of  cold plate and the lower
surtace of bt plate
L
ace gbygcosd  for  Ra< 100
ol » 1010 Nu = 0.54Rajt 022
e e L RS
oot 1010 Ne = 0.15Ra} 923
ot kower sfac of o e
Hotsuce
o
(o Lower sufaceof aho late
(ot vpper surfce of 3 cobd plate)
T 1010 No = 027Ra* w20
Hot e
Property Table
Propertes of liquics
Voume
Specfic  Themal  Thema Dyramic Kinematic Expans
Temp. Densty  Heat  Conductivty  Difusiviy Visosity Viscosity  Number
LT pkgm g ek K s b hgms v il o 5K
102 01 {anused)
0 800 1w 0l 381 4202x107 4653 000070
0 sl 188l 01450 osaza 5429 %10 10863 000070
W0 E60 1960 ol 2177 2485 10 2962 000070
G 839 208 0le 007338 B565x10° 1080 000070
8 820 2132 0130 78%9x10% 0032 3794 % 10 000070
00 8400 2220 0137 7330x10% 001718 026 x 10 000070
120 889 2308 0137  7082x10% 001029 1261 x 1075 000070
140 sles 2395 01330 679 x10%  0006SE 8029 x 10 000070
10 8103 2aa1 01327 00vs3se 6595 % 10 000070
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Properties of saturatid water

Voume
ey Soecric el Pt o
Sawston Dansty et Contuctuty Oamc vacosty Nomoar  Cosficert
. e _pogm_ Vaoouzsion_c,, gk PR [ 3 i
T Pui Daud Ve odg Do Ve Lusd Ve G _vawr__Uaig
001 06l 98 Do 20 4217 18 Ossl 00UT 35 100
0Bzl 9% 0o0e8 290 4205 1857 0571 00173 112 100 0015% 107
10 12276 9937 0003 2478 41 182 0280 0016 945 100 0733x 104
15 17050 9991 00i2s 266 dlss 183 0ess 00US 809 100 013107
20 233 90 00173 2454 e 1867 0598 00182 700 100 0195 10
2z 3165 970 00231 2442 4180 1870 007 o0Ms 614 100 0247 %10
4206 9%0 00 2431 4178 1875 0615 00189 5i2 100 02310
3 568 90 0037 2019 1 o0ez3 oo 483 100 0397 x 10
73 021 Oos1z 2407 4179 1885 063l 00196 432 100 0377 x 10
e 5593 901 006ss 2395 4180 183 0637 00200 331 100 oalsxio?
5 1235 ses) oosl 233 a1 1900 0200 355 100 045l x 10
5 1576 sEsz 0105 2371 4183 1908 Oca9 0O 325 1
& 19 33 0134 230 Al 1906 06s 00212 299 L0 0517 %107
) 203 9e0s Olols 235 418 1925 0559 002L 275 100 0sisx 107
] 319 a5 ol 33 o 0563 00221 255 Lo0 0578 x 107
7 S8 9747 0221 2921 4193 148 0667 0025 238 100 0607 10°
0 4739 918 02035 209 4197 12 0670 00290 22 100 0883107
8  wa)  seal 03 29 00 1977 0673 00235 208 100 0870 10
% 7018 983 0425 2283 4205 1383 075 00240 196 100 0702% 107
95 mass  sels 0 a2 200 0677 002 185 100 0716x 10
0 oLam  9ws os 257 427 20 0519 00251 175 100 0750 10
10 14327 906 0823 220 4229 2071 0882 0026 T8 100 0798 x I
0 1852 Sa4 li2l  Z203 424 210 0883 0027 a4 100 03 x 10
130 201 ose 1496 2174 423 217 oset ooass I3 101 091 x 02
Lo 3613 sa17 lses 2145 42 2264 0583 00301 124 102 0870% 10
i ams o 214 4 24 os 0036 16 102 1025107
0 U8 o4 a2 2089 43 0 003 09 105 L1510
D0 7917 8w 419 2080 430 240 0577 0037 103 105 1178 x 107
10 L0021 B3 s1m 201 4410 2590 0673 003 0983 107 1210% 10
190 1254 B4 638 1979 460 2710 0563 0082 0947 105 1280x 107
20 1sme g3 7as 1ol s 563 0oa1 0910 111 130X 10%
20 238 403 1160 1859 4610 3110 0580 0082 0865 115 1520
M0 334 837 1673 1767 4760 30 0532 COM 08% 120 1720x10%
0 4 7m7 2369 163 490 00 0509 00840 0832 135 2000x 10
0 7508 3315 16 580 4835 0581 00605 085t 2380 10
30 7138 15 1405 8- 0348 0065 0902 169 2950 % 10
20 G701 657 1299 650 7900 86 100
30 6105 92 1028 8240 180 0469 0110 12 2
%0 lmest 5283 1440 720 1469 25800 0427 01 206 373
7414 2209 170 317.0 o - - 03 %10% 4313 %10
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