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CFB1063

A spherical tank is insulated to reduce heat loss from it. However,

measurements indicate that the rate of heat loss has increased instead

of decreasing. Can the measurements be right? Discuss your answer.
[5 marks]

Steam at 300°C is rowing inside a steel pipe (k = 56 W/m-°C) whose

thrckness of 12 cm is lnstalled at the outer surface of the pipe. The heat

transfer coefficients, inside and outside the pipe are 110 W/m2-°C and

eﬁ" C|ency of 80% Given the pnce of natural gas is RM 048/therm: |
(1 therm = 105,500 kJ) and the length of the pipe is 5 m.

A square opaque surface with 50 cm x 50 cm has an absorptiwty of |

0.4 between 0-5 ym, 0.3 between 5-10 ym and 0.2 above 10 um.
Determine the reflected - energy of the opaque surface at
4000 K.

[9 marks]
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i. Explain: the physical significant.

convection heat transfer process. =

the pipe is 75°C.

b. Water at' 20°C is heated by passing it through 1.5 c

thin-walled fube. Heat is supplied to water by ste;mwtha:im:con;den:ses

calculate the length of the tube that needs to be used.
[11 marks]

i Define TWO (2) types of entrance regions in internal forced
convection heat transfer.
[4 marks]



A 15 m long and 8 cm outer diamet bmerged

in water at 475.8 kPa pressure. Estimate the maximum rate of

a diameter of 5 cm and length of 0.8 m. The

maintained at a uniform temperature of 5°C.

i, Evalua he

i, For film and dropwise condensation, which one is a more
ffe



22 W/m2-°C on the alcohol side and 115 W/m?°C on the geothermal water

side.

a. Explain the heat transfer mechanisms involved during Eeat tranéfe?
from the hot fluid to the cold fluid in the heat exchanger.

b.

C. Estimate the effectiveness of the heat exchanger before fouling.

[6 marks]

— END OF PAPER -



Equations:
1 L
Rconv — _A, Rcond = k7 , cond,cyl
- AT
Q =
RToma’
0=h4,(T,~T.)
Q = hAxAz:’m

Q=mc,(T,~T)

g, =h(T,~T,)

_ (n-1,)-@T-1)
A = Rl -, -3

Radiation Heat Trasnfer

ol ln(rzfrl)

27k L

E= % =e¢ol?,0=5.67x10°*W/m* - K*
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APPENDIX

P

cond,sph — 4737’] ?"Zk
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Forced convection correlation
_pVL, VL, .. AL
L, = Lfor flat plate, L,

Re

£ Nu

. m .
V =welocity = ——, 4, = cross-sectionalarea

(4

Geometry |.Cehdition.. :Nu relation
Laminar
(Re< 2,300) Nu = 4.36 (fully developed laminar region)

flux =
Laminar Nu = 3.66 (fully developed laminar region)
Flow (Re=2,300) : 0.065(D/L)Re Pr
inside Constant surface | V¥ =366+ 1+0.04[(D/ L)Re Pr]*
duct temperature (okeTni-an S0
Turbulent Nu=0.023Re" Pr”
Re>10,000 (fully developed furbulent region, n = 0.3 for cooling,
n = 0.4 for heating)
Entry length L,=L, =10D (turbulent)
L, =0.05Re PrD (laminar)
Flow over | Laminar Nu = 0.664 RcL“ prl3

flat plate | ReL< 5x 10°

g ugpylent Nu=0.037 Re,”* Pr'"?
5x 10° <Ret<107

Flow over | Re.Pr>0.2 4/5

circular Nu=03+
cylinder

0.62Re'2 Pr'’3 +( Re T’S
(1+0.4/Pry2 )" | (282,000




relation
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Boiling and condensati
Condition Correlation
BOi"ng qbofh‘ng: hAs (T; a T.Imr) = hAsATexcess

/2 ?
@rscteae= Hih [g(prpv)}' {sz(Ts—Tsm)J
nucleate— 1""fg

° Cyhg P’

g=9.81 m/s?

: [ 5 ]1/4
9max = Ccrhfg O gpy (pl _pv)

. -C
‘?ﬁm ﬁ"'"|: ﬂvD(Tg == T.lmf)

Chim = 0.62 (horizontal cylinders)
= 0.67 for spheres

1/4
g kPP = Py, +04e,, (7, - ?;w)]} "

. I;a[)

Condensation

Modified latent heat of evaporation

B =h, +0.68¢c, (T, —T)

at

Qcouden = kAs (Y;GI - T.'s') - mh* Jz

Laminar Flow on Vertical Plate (0 < Re < 30)

. . a/e
h = 0943{8' p{(pf —pv)[h f.'i}kg .|j]

vert

#1 (T;ar iy 7: )L

Wavy Laminar Flow on Vertical Plates (30<Re<1800)

1/3
7 _ Re £, g
Y 1.08Re' P52 v,

1/3
ReV@rt,wavy = {48] + 370[‘;‘:2('{;«1 = Ts-) (V_gf} :l
I

0.82

Hh g
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Condensation

Turbulent Flow on Vertical Plates (Re>1800)

Re k, ( g

h‘ [, ueur= —
vertturbulent 8750 + 58 Pr "3 (Re%7°=253)

1
0.0690 Lk, P!'(D'S (T —T3) [i
2

Revert,turbulentz =
mh fg

Vi

htitled =h

vert

(cos@)’*

2]
f

Horizontal Tubes and Spheres

-~ 1/4
— 0-729(8- p!(p! Hpv) k fe kf3
(T, ~T)D

h

horiz

1/4
_hrﬁzl.gg D
h L

horiz

Horizontal Tube Banks

h

horiz N tubes

. 174

1

= NIM horiz | tube
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Condition Correlation
Overall heat 1 1 A s
transfer coefficient | U4, B UA B U A,
1 Rfi In(D,/D,) e B 1
= = + — + —+ — 4
hd 4 27kl A, hA,
For thin-walled tube, 4/U ="1/hi + 1/ho
Heat transfer - - ~ -
Q =M. CPC (T;,out _];,in)! Q = My c[’h (j—;’:i” B T;"O“t)
Cmin (Th,%
Q = UAsF AT:’m,CF
Lcr = i
: In(AT, / AT,)
Parallel flow AT =T,, -T,
ATZ - 51-;1_,gut - Tc,out
Counter flow AT T
AT‘Z = T;r,om . ]-;',in
Cross flow and AT! = Th = TM“r
Iti
i IpaSS AT;! = T:'i,cmr - 7:;,,-'::
Effectiveness ¢ = Chin/Crnax
relation NTU = UA,/Cin
Ch =my, Cph’ Cc =m, Cpc
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Properties of air at 1 atm pressure
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Specific Thermal Thermal Dynainic Kinematic Prandt|
Temp. Density Heat Conductivity Diffusivity Yiscosity Viscosity Number
[ p, kefm? C, JkgK  k WimK 5, Mfs 1, kgfms v, mls Pr
-150 2.866 983 0.01171 4158 x 10-® 8,636 x 107 3013 x 10°° 0.7246
-100 2.038 966 0.01582 8.036 x 10-¢ 1.189x10% 5837 x10° 0.7263
=50 1.582 999 0.01979 1.252 x 1072 1474 x 105 9319x%10°® 0.7440
-40 1514 1002 0.02057 1.356 x 1078 1527 x107° 1008 x10°° 0.7436
-30 1451 1004 0.02134 1465 % 1078 1579x10°  1.087 x 10°* 0.7425
-0 1.394 1005 002211 1578 x 1078 1630 x 10 1.169%10°® (.7408
-10 1.341 1006 0.02288 1696 x 10°° 1680 x 107°  1.252 x 1073 0.7387
0 1.292 1006 0.02364 1818 x 10°° 1729x10°% 1338 x 1079 0.7362
5 1.269 1006 0.02401 1.880 x 1072 1784 %1079  1382x10°° 0.7350
10 1.246 1006 0.02439 1.944 x 1073 1778 x 107% 1426 x10°° 0.7336
1 1.225 1007 0.02476 2009 x 10°° 1802 x 105 1470 x 10°® 0.7323
20 1.204 1007 0.02514 2074 x 106-% 1.825x 10 1516 x10°° 0.7309
25 1.184 1007 0.02551 2.141 x 107% 1.849x 105 1562 x 10°% 0.72%
30 1.164 1007 0.02588 2.208 » 10°° 1.872x 10°% 1608 x 10-° 0.7282
35 1.145 1007 0.02625 2.277 x 1072 1895 % 105 1655 x [0° 0.7268
40 1.127 1007 0.02662 2.346 x 1079 1918 x 107 1702 x 10°° 0.7255
45 1.108 1007 0.02699 2416 x 1079 1941 x 10 1750 x 10°° 0.7241
50 1.092 1007 0.02735 2.487 x 10-% 1963 %10 1798 x10°% 0.7228
60 1.059 1007 0.02808 2632 x 1073 2008 x 107 1896 107 0.7202
70 1.028 1007 0.02881 2.780 x 1073 2062 %107 1995 x 105 0.7177
80 0.9994 1008 0.02953 2931 x 1073 2.006 x 1075 2,097 x 1079 0.7154
90 09718 1008 0.03024 3.086 x 10-3 2139 x 10 2201 x 1075 0.7132
100 0.9458 1009 (:03095 3.243 x 10°% 2181 x 107 2.306 x 1075 0.7111
120 0.8977 1011 0.03235 3.565 x 1073 2.264 x 1075 2522 % 1075 0.7073
140 0.8542 1013 0.03374 3.898 x 102 2.345x 1070 2745 % 1073 0.7041
160 0.8148 1016 0.03511 4241 % 102 2420x 107 2975 %107 0.7014
180 0.7788 1019 0.03646 4593 % 1073 2504 x 107% 3212 %107 0.6992
200 0.7459 1023 0.03775 4954 x 10-° 2.577 % 107% 3455 x 1073 0.6974
250 0.6746 1033 0.04104 5890 x 1073 2760100 4.091 x 1075 0.6946
300 0.6158 1044 0.04418 0.871 x 10-° 2934 x 107 4765 x 10°° 0.6935
350 0.5664 1056 004721 7892 x 10-% 3101 x 1078 5475% 1079 0.6937
400 0.5243 1065 0.05015 8.951 x 102 3.261 107 6.219% 1075 0.6948
450 0.4880 1081 0.05298 1.004 x 10+ 34151075 6997 x 10°° 0.6965
500 0.4565 1093 0.05572 1117 x 10+ 3563 x 10 7.806 % 10°® 0.6986
600 0.4042 111 0.06093 1.352 % 1074 3846 x 105 9515 % 10-° 0.7037
700 0.3627 1135 0.06581 1598 x 10°* 4111 x 107 1133 x10°# 0.7092
800 0.3289 1153 0.07037 1.855 x 104 436210 1326 x 10 0.7149
900 0.3008 1169 0.07465 2,122 x 10 4600 % 107° 1529 x 10+ 0.7206
1000 0.2772 1184 0.07368 2308 x 1074 482610 1741 x 10 0.7260
1500 0.1990 1234 0.09599 3.908 x 10 5817 %107 2922 x 10 0.7478
2000 0.1553 1264 0.11113 5.604 x 1074 6030 x 107 4270 x 1074 0.7539
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Properties of saturated water
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Volume
Enthalpy  Specific Thermal Prandtl Expansion
Saturation Density of Heat Conductivity Dynamic Viscosity Number Coefficient
Tomp, Pressure p,bgm®  Vaporization ¢, JkgK k, Wim-K i, kgfms Pr B, UK
T.°C PakPa  Liquid  Vapar  hy, kikg Liquid Vapor Liquid  Vapor Liquid Vapor  Liquid Vapor  Liquid
0.01 0.6113 9998 00048 2501 4217 1854 Q561 00171 1792x 10 0.922x10% 135 100 -0.068x 103
5 08721 9999 00068 2490 4205 1857 0571 00173 1519x 10 0934x10% 112 100 Q015x10-3
10 12276 999.7 00094 2478 4194 1862 0580 00176 1.307x 10 0.946x10% 945 100 0.733% 103
15 17051 999.1 00128 2466 4185 1863 0.589 00179 1138x10°% 0959x10° 809 1.00 0.138x 103
20 2339 9980 00173 2454 4182 1867 0598 0.0182 1.002x10° 0973x10% 701 100 0.195x103
25 3169 9970 00231 2442 4180 1870 0.607 00186 0.891x 10 0987 x10° 614 100 0.247x 103
30 4246 990 00304 2431 4178 1875 0615 00189 0.798x10- L001x10°5 542 1.00 0294 x 10-3
3 5628 9940 00397 2419 4178 1880 0623 00192 0720x10-* 1L016x10% 4.83 100 0337x103
40 1384 9921 00812 2407 4179 1885 (0631 0019 0653x 10 L031x10% 432 100 0377x10%
45 9593 990.1 00655 2395 4180 1892 0637 00200 0596 x 103 L1046 x10% 39F 100 0415x103
50 1235 9881 00831 2383 4181 1900 0.644 00204 0547x10-° 1.062x10% 355 100 0.451x 103
55 1576 9852 0.1045 2371 4183 1908 0.649 0.0208 0.504x10° 1077x10° 325 100 0.484x 10
60 1994 9833 01304 2359 4185 1916 0.654 00212 0467x10° 1093x10° 299 100 0517x 1073
65 2503 9804 01614 2346 4187 1926 0659 00216 0433x10° L110x10° 275 100 0548x 107
70 3L19 9775 01983 2334 4190 1936 0663 00221 0.404x 10 L126x 105 25 1.00 0578x 10
75 3858 9747 02421 2321 4193 1948 0667 00225 0378x 107 L142% 10 238 100 0607 x10°
80 4739 9718 02035 2309 4197 1962 0670 00230 0365x 103 115910 222 100 0653%x10°3
8b 5783 9681 03636 2296 4201 1977 0673 00235 0333x10° L176x10°° 208 100 0.670x102
9% 70.14 9653 04235 2283 4206 1993 0675 00240 0315x10° 1193x10% 196 100 0702103
95 8455 9615 05046 2270 4212 2010 0677 00246 0.297x 103 1210x10° 185 100 0.716% 10
100 10133 9579 05978 2257 4217 2029 0679 00250 0.282%10% 1.227x10° 176 1.00 0750%10°%
110 14327 9506 08263 2230 4229 2071 0.682 00262 0255 %10 1.261x10° 158 100 0798 %103
120 19853 9434 1121 2203 4244 2120 0683 00275 0232x10° 1296x10° 144 100 086810
130 2000 9346 149 2174 4263 2177 0684 00288 0213x 103 1330x 10" 133 101 0913x10°%
140 L3 9217 1965 2145 4286 2244 0683 00301 0.197x10° 1365x10° 124 102 0970x103
150 4758 9166 2546 2114 4311 2314 0682 00316 0.183x 10 1399x10% 116 102 L025x107?
160 6178 9074 3256 2083 4340 2420 0680 00331 0.170% 10 1434x10° 109 106 1145x 103
170 1917 8917 4119 2050 4370 2490 0677 00347 0.160x10°° 1.468x10° 103 105 1178x10°3
180 10021 8873 5153 2015 4410 2590 0.673 0.0364 0.150x 10 1502x 105 0983 1.07 1210x103
190 12544 8764 6388 1979 4460 2710 0669 00382 0.142x10% 1537x10°% 0947 1.09 1.280x 10
00 15538 8643 7.862 1941 4500 2840 0.663 00401 0.134x10-3 1571 x10-° 0910 111 1.350 x 103
20 2318 8403 1160 1859 4610 3110 0.660 00442 0.122x10° 1641 x10 0865 115 1520x10°3
40 3344 8137 1673 1767 4760 3520 0632 00487 0.111x107 L712x10°° 0836 124 1720%10°
260 4,688 1837 2369 1663 4970 4070 0609 0.0540 0.102x 10 178310 0832 135 2.000x 107
80 6412 7508 3315 1544 5280 4835 0581 00605 0.094x10° 1870 <10° 085 149 2380x 102
300 8581 7138 4605 1405 5750 5980 0.548 00695 0.086x 103 L1965 10° 0902 169 29501073
320 11,274 661.1 6457 1239 6540 7900 0509 0.0836 007810 2084 x105 100 197
30 14586 6105 9262 1028 8240 11870 0469 0110 0.070x 103 2255 x 10 123 243
360 18651 5283 1440 720 14,690 25800 0427 0.178 0.060x10-* 2571 x10° 206 373
374.14 22,090 317.0 3170 0 - - = = 0.043x10% 43134105
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Properties of propane

& Yolume

Enthaly Specific Tnerm.ail g Prandtl Expansion
Satuation Densily of Heat Conductivity Dynamic Viscosity Number Coeffictent Surface
Torp. Presswe MM Vaporation_ e K WK , kgmss P GIK i,

T,'C PkPa Liquid Vapor  h, kkg Liquid Vepor Liquid  Vapor  Liquid Vapor  Liquid Vapor  Liquid ~ Nim

120 04053 6647 001408 4983 2003 1115 0.1802 000589 6.136x 104 4372 10° 6820 0827 0.00153 002630
110 L157 6545 003776 4893 2021 1148 01738 0.00645 5054 x 10+ 4625 10¢ 5878 0.822 0.00167 002486
-100 2881 6442 008872 4804 2044 1183 0.1672 000705 4262x 10+ 4881x10° 5195 0819 0.00161 002344
-0 6406 6338 0.870 4715 2070 1220 01606 000769 3635x 107 5.I43%10° 4686 0817 000166 0.02202
-0 1297 6232 03602 4624 2100 1263 0.1539 000836 3.149x 10+ 5409x%10% 4.297 0817 000171 0.02062
=10 2426 6125 06439 4531 2134 1308 0.1472 00098 2755x 10 5680 10° 3.994 0818 000177 001923
-60 4246 605 L0BL 4435 2173 1358 0.1407 000985 2430x 10 595 x 10 3755 0821 0.00184 001785
=50 7024 8903 174 4336 2217 1412 0.1343 001067 2.158x 107 623910 3563 0.825 000192 0.01649
-40 1107 5788 2629 4231 2258 1471 0.128] 0055 1926 %10 £529% 10 3395 0831 000201 001515
=30 1673 5670 384 4121 2310 1535 01221 001260 1726x 10 6827x10° 3.266 0839 000213 0.01382
-20 2438 5547 503 4003 2368 1605 0.1163 001351 LBGLx10* 7.136%10°° 3.158 0.848 000226 001251
-10 344 5420 7635 3878 2433 1682 (.107 001459 1397 x 107 7457x10° 3069 0860 0.00242 001122
0 4733 5287 1036 3742 2507 1768 01054 001576 1269x 10+ 7.794x 10 2.9% 0875 0.00262 0.009%
5 5498 5218 1199 3670 2547 1814 0.1028 001637 1195% 10+ 797010+ 2964 0.883 0.00273 000934
10 6351 5147 1381 3505 259 1864 0.0002 001701 L135x 10 8151x10°° 2935 0893 0.00286 0.00872
15 7298 5075 158  3BL7 2637 1917 00977 001767 1077x 10 8339x10°° 2.909 0.905 0.00301 000811
20 844 5000 1813 3434 2688 1974 00952 001836 102x 10+ 8534x 100 2.886 0918 0.00318 000751
25 9497 4922 2068 3348 2742 2036 0.0928 001908 9702x 107 8738x 10° 2866 0.933 0.00337 0.00691
30 1076 4842 2353 3258 2802 2104 00904 001982 9.197x10°% 8962107 2.850 0950 0.00358 0.00633
31215 4758 2672 3162 2869 2179 00881 002061 8710x 10° 9.178x10°° 2837 0.971 000384 0.00575
40 1366 4671 3029 3060 2943 2264 0.0857 002142 8240x 10 9417x 10 2828 0.995 000413 000518
45 1630 4880 3429 2953 3026 2361 00834 002228 7.785x10° 9674x 10F 2824 1.025 0.00443 000463
50 1708 4485 3879 2839 3122 2473 00811 002319 7.343x10° 9.950x 10> 282 106l 0.00491 0.00408
60 2110 4275 4966 2584 3283 2769 0.0765 0.02517 6487 10 1.068x10% 2784 L164 000609 000303
70 2580 4032 6402 2280 3595 3241 00717 002746 5649x10% 113810 283¢ 1343 0.00811 0.00204
80 3127 3730 8428 1897 4501 4173 00663 003029 4790x10-F L249x 10° 3251 1722 0.00248 000114
90 3769 32911186 1332 6977 7239 0.0595 003441 3807x10-% 144810 4.465 3047 0.02847 0.00037
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Blackbody radiation functions, f;

A
[E,:(4,T)dz
B
‘fj, (T) O_T4

AT, AT,

pm - K £ wm - K iy

200 0.000000 6200  0.754140

400 0.000000 6400  0.769234

600 0.000000 6600  0.783199

800 0.000016 6800  0.796129
1000 0.000321 7000  0.808109
1200 0.002134 7200 0.819217
1400 0.007790 /400 0.829527
1600 0.019718 7600 0.839107
1800 0.039341 /800 0.848005
2000 0.066728 8OO0  0.856288
2200 0.100888 8500  0.874608
2400 0.140256 9000  0.830629
2600 0.183120 9500  0.903085
2800 0227897 10,000 (0.814199
3000 0.273232 10,500  0.923710
3200 0.318102 11,000 0.931890
3400 0.351735 11,500 0.939959
3600 0.40360/ 12,000 0.945098
3800 0.443382 13,000  0.955139
4000 0.480877 14,000  0.962898
4200 0516014 15000  0.969981
4400 0.548796 16,000  0.973814
4600 (1579280 18,000  0.980860
4800 0607509 20,000 .985L06027
5000 0.633747 25,000  0.992215
5200 0658970 30,000  0.995340
5400 0.680360) 40,000  0.997967
5600 0.701045 50,000  0.998953
HEO0 0720168 75,000 (1.999713
6000 0727818 100,000 0.9955905

14
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Surface tension of liquid-vapor interface for water

To."C o, N/m*
(&} 0.0757
20 0.0727
40 0.0696
60 0.0662
80 0.0627
100 0.0589
120 0.0550
140 0.0509
160 0.0466
180 0.0422
200 0.0377
220 0331
240 0.0284
260 0.0237
280 0.0190
300 0.0144
320 0.0099
340 0.0056
360 0.0019
374 0.0

CFB1063

Values of the coefficient Cyrand n for various fluid-surface combination

Fluid-Heating Surface Combination Cir r

Water—copper (polished) 0.0130 1.0
Water—copper (scored} 0.0068 1.0
Water—stainless steel (mechanically polished) 0.0130 1.0
Water—stainless steel (ground and potlished) 0.0060 1.0
Water—stainless steel (teflon pitted) 0.0058 1.0
Water—stainless steel (chemically etched) 0.0130 1.0
Water-brass 0.0060 1.0
Water—nickel 0.0060 1.0
Water-platinum 0.0130 1.0
n-Pentane—copper (polished) 0.0154 1.7
n-Pentane—chromium 0.0150 1.7
Benzene—chromium 0.1010 1.7
Ethyl alcohol—-chromiwm 0.0027 1.7
Carbon tetrachloride—copper 0.0130 1.7
Isopropdanol—-copper 0.0025 1.7

1/2
C., for maximum heat flux , L = L[g(ﬁ’_;apll}
Heater Geometry -E‘& Charac. Dimension of Heater, [ Range of [*
Large horizontal flat heater 0.149 Width or diameter L*>27
Small horizontal flat heater! 18.94, Widlth or diameter 9<["<20
Large horizontal cylinder 0.12 Radius [*12
Small horizontal cylinder QN =05 Radius 015<7<1.2
Large sphere 0.11 Radius [">4.26
Small sphere (.227 0% Radius 0.15< "< 4.26

1S
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Correction factor F chart for common shell-and tube and cross flow heat

exchangers

1.0 jromipacig
AR

09|

0.8

Cortrection factor F
=

o 0l

One-shell pass and 2, 4, 6, etc. (any multiple of 2), tube passes
1.0

3 T A N s e 7
=, 0.9 \ \ ‘\ \\ ‘\\\ Y '\"‘x = l .
™ \ NAR WA [ v
§ o8| | 1 1\ AL X \‘R\ N =
= 1| r=4030! 20 15 10 08 0.6 0402 |“——m—cpla—1,
“g 07 |1 I AN \WAM\ }
= | L WA \ T,
S o6l T,-T, - VLA
I > I O WD T \ \
2 1 l
o5 [ 1 , | b1y
001 02 03 04 05 06 07 08 09 10 P=7
1 1
Two-shell passes and 4, 8, 12, etc. (any multiple of 4), tube passes
1.0 ; :
N T y
L(N 0‘9 — \F-"" = \" "I -"-‘-\_.:\-'_--':"."\ = ) \
5 - il \ \\ -\I\.\\. \\_‘\}\ Y |
Y A N A A S
= |l R=40_30]|_ i} 00,8 .0.6.04 0.2 1 N
2 \ N - —
2 0.7 fof | J\ _,\_,_.,
: N Nif
= It 4 1IN \\ |
O 06}, T -~ 4N C \_ 2 7
i ) i | 2
o5l 2T RN

0 01 02 03 04 05 06 07 08 09 10 P=

Single-pass cross-flow with both fluids unmixed
1.0 ;

09|+ ~

0.8 |-

0.7 |-

Correction factor

0.

el § 0 O R {E_
o5t Lo 4 e L N i, WA [, B N S N
0 of 02 03 04 05 06 07 08 09

Single-pass cross-flow with one fluid mixed and the other unmixed
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Effectivenes for heat exchangers
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