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|L=Q] Om "OwW|tv pY=L VwQ u}= R= xO=iDU= =@ xv}tm CQ=QL p=kDv= K]U
K]U |x@U=Lt w |v=QL@ w `HQt |=yu=} QH |=Q@hrDNt |=yxQB ?=NDv= =@ OwHwt
p=kDv= K]U u}= OHwt xm |}=yxQB w CQ=QL p=kDv= K]U pk=OL '|rm CQ=QL p=kDv=

�1 sD} Qwor=�"OR=U|t xv}y@ =Q |L=Q] w Ovm|t |}=U=vW =Q 'OvDUy CQ=QL

|D=ar=]t OQwt l} QO pOt |xaUwD "4
|DQ=QL |=ypO@t O}OHpUv u=wvax@|}xQB�xLiY|v=} QHOvJ|DQ=QL |=ypO@t R=
=yu; R= xO=iDU= |xU}=kt |xQ=@ QO |vwOt j}kLD uwvm =D |rw 'OwW|t xOQ@ s=v
Q=DWwv "CU= xOWv |DQ=QL Ci=} R=@ |=yxm@W QO xrwr w xDUwB |=ypO@t |=Hx@
=ypO@t u}= R= xO=iDU= w |DQ=QL Ci=} R=@ |xm@W xU |wQ Q@ j}kLD pY=L Q[=L
xvwtv u=wvax@ hwyv}r w OtL= \UwD xOWx�=Q= |DQ=QL Ci=} R=@ |xm@W &CU=
xOW |UQQ@ pt=m Qw]x@ =ypO@t |v} Ro}=H |O=YDk= w |vi G}=Dv w xOW ?=NDv=
u=} QH 4� 'u=} QH 9 R= hwyv}r w OtL= |UQQ@ OQwt Ov}=Qi [10]"�6 pmW� CU=
Ov}=Qi |=yu=} QH x@ \w@ Qt C=aq]= "CU= xOW p}mWD �OQU u=} QH 5 w sQo
OwQw |=y=tO x@ \w@ Qt C=aq]= |w=L pwOH u}= "CU= xOW x�=Q= 1 pwOH QO

"=yu=} QH |Ov}=Qi C=YNWt "1 pwOH
Name Ts T1 Mass ow rate �P � CP � K R

(kg/s) (Pa) kg=m3 (J/kgK) (N:s=m2) (W/m.K) (m2:K=W)

H1 220 60 26 6 62000 730 2250 0 0003 0 12 0 000053
H2 327 40 47 6 86000 700 2120 0 0004 0 12 0 000053
H3 160 60 160 50000 800 2500 0 0003 0 12 0 000053
H4 220 160 74 4 45000 920 2150 0 0003 0 12 0 000053
C1 85 138 125 35000 830 2800 0 0002 0 12 0 000053
C2 140 300 133 65000 850 1500 0 0005 0 12 0 000053
C3 35 164 25 55000 810 2800 0 0003 0 12 0 000053
C4 60 170 35 55000 780 1715 0 0005 0 12 0 000053
C5 100 300 47 6 97000 800 2100 0 0004 0 12 0 000053

"Ov}=Qi |=yu=} QH |=Q@ |}xQ}HvR |Q=PohOy G}=Dv "2 pwOH
QH QC Area QH Cost QC Energy Capital Annual capital Total annual

�Tmin (MW) (MW) (m2) ($/Yr) Cost cost cost($) cost($) cost($)

($/Yr) ($/Yr)

4 14 7 16 42 43954 1102500 164200 1266700 13595702 11 3140607 187 4407307 187
6 15 56 17 28 21992 1167000 172800 1339800 7665486 91 1770713 161 3110513 161
8 16 42 18 14 14700 1231500 181400 1412900 5495463 38 1269452 041 2682353 041
10 17 28 19 11450 1296000 190000 1486000 4471832 27 1032993 254 2518993 254
13 18 57 20 29 9392 1392750 202900 1595650 3798276 922 877401 969 2473051 969
15 19 43 21 15 8167 1457250 211500 1668750 3385563 966 782065 2762 2450815 276
16 19 85 21 57 7852 1488750 215700 1704450 3277784 781 757168 2845 2461618 284
17 20 29 22 01 7503 1521750 220100 1741850 3157509 276 729384 6428 2471234 643
19 21 15 22 87 7260 158650 228700 1814950 3073203 51 709910 0108 2524860 011
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|DQ=QL pO@t C=a]k |x}rw= O=a@= 4 pwOH QO "OvwW|t u}at =yu=} QH |t=tD
�5 |xa]k� xa]k `=iDQ= u} QDW}@ uDiQo Q_v QO =@ p=L "CU= xOW x�=Q= |v=} QHOvJ
pY=L Q_v OQwt |DQ=QL pO@t |}=yv O=a@= w OwW|t KqY= C=a]k |t=tD `=iDQ=
KqY= O}OH O=a@= x@ xHwD =@ R}v =yu=} QH |m}rwQO}y w |DQ=QL |=yQDt=Q=B "OwW|t
=Q Q_v OQwt |v=} QHOvJ |DQ=QL pO@t |}=yv C=aq]= 15 =D 5 pw=OH "OvwW|t
|=ypO@t R= xO=iDU= =@ |Q=PohOy R= pY=L G}=Dv 16 pwOH "OvwW|t pt=W

"OyO|t u=Wv =Q |}xQB �xLiY
17 pwOH j@=]t |SQv= w K]U |Q=PohOy R=TB OtL= w hwyv}r|UQQ@ G}=Dv
QO =yu=} QH CQ=QL p=kDv= ?} Q[ xm CU= xOw@ u; Q@ ZQi OQwt u}= QO "CU=

[10]"OW=@ 500W=m2:K xrwr w xDUwB pO@t

G}=Dv QO EL@ "5
xm@W 'xOW|L=Q] |v=} QHOvJ |DQ=QL pO@t CQ=QL p=kDv= K]U w O=a@= x@ xHwD =@
"CiQo Oy=wN Q=Qk |O=YDk= w |vi |xU}=kt w |UQQ@ OQwt 'xOWQmP Cr=L wO |=Q@
QO |x]@=Q |}xQB�xLiY ẁv R= |v=} QHOvJ |=ypO@t |xv} Ry |x@U=Lt |=Q@
|=xLiY w ?=k |v=} QHOvJ |=ypO@t |Q=Pox}=tQU |xv} Ry |rw 'CU}v TQDUO

[11]%OwW|t u}}aD Q} R x]@=Q R=
Cost($) = 30000 + 1900A0 78 (10)

|=ypO@t O}rwD Qw_vtx@ R=}v OQwt QDxDiQW}B |Qw=:vi w QDW}@ |x}rw= O=wt x@ xHwD =@
QO pO@t ẁv u}= |x}rw= |Q=Pox}=tQU |xv} Ry '|}xQB�xLiY ẁv R= |v=} QHOvJ
QDW}@ u=Um} CQ=QL =@ p=kDv= K]U l} QO |}xLiY w ?=k |=ypO@t =@ xU}=kt
11 |x]@=Q CQwYx@ jwi |x]@=Q 'xv} Ry |x@U=Lt QO =]N Vy=m |=Q@ xm CU=

[11]%OwW|t KqY=
Cost($) = 30000 + 1900A0 83 (11)

|HQ=N sQo Q=@ |xv} Ry w '10$/kW.Yr Q@=Q@ |HQ=N OQU Q=@ hQYt |xv} Ry
"CU= xOW xDiQo Q_v QO �hwyv}r w OtL= Q}O=kt =@ j@=]t� 75 $/kW.Yr Q@=Q@
xDiQo Q_v QO �5 Q@=Q@ �I) xvq=U |xQy@ MQv w xr=U 5 |Ov}=Qi �n� OL=w Qta pw]

%=@ CU= Q@=Q@ xvq=U |Q=Pox}=tQU |xv} Ry QwDm =i u}=Q@=v@ "OwW|t

AnnualCostFactor = I(1 + I)n

(1 + I)n � 1 (12)

j@=]t pO@t ẁv wO Qy |=Q@ xm@W |wQ |O=YDk= C=@U=Lt R= pY=L G}=Dv
|=ypO@t R= xO=iDU= CQwY QO OwW|t x_Lqt xmu=vJ "Ow@ Oy=wN 18 pwOH
QO |} wHxiQY QqO Q=Ry 670 OwOL QO xvq=U EL@ OQwt |xm@W QO |DQ=QL
Vy=m ?Hwt xawtHt uRw QO xOta Vy=m u}= Q@ xwqa "CW=O s}y=wN =yxv} Ry
Oy=wN =yvw}U=Ovwi w =yxOvQ=Oxov x@ \w@ Qt |=yxv} Ry u}vJty w|D=}rta |=yxv} Ry
q=@ Crax@� R=}v OQwt CQ=QL p=kDv= K]U uOw@ QDsm Crax@ 'Qo}O |wU R= "OW
sHL OL=w QO K]U C@Uv u}vJty w �=yu=} QH CQ=QL p=kDv= ?} Q[ uOw@
C@Uv (1000 � 1300m2=m3) |}xQB�xLiY |DQ=QL |=ypO@t O=} R Q=}U@
|Q}osWJ Qw]x@ R=}v OQwt |=[i '135 � 150m2=m3 xrwr w xDUwB pO@t x@
sHL '4 pwOH x@ xHwD =@ w EL@ OQwt |v=} QHOvJ pO@t QO� O@=}|t Vy=m

hqDN= u}= u}=Q@=v@ 'CU= Q=Okt u} QDsm QO |HQ=N sQo w OQU |=yQ=@ w CQ=QL
x�=Q= u; T=U=Q@ pw=OH w xOW ?=NDv= xv}y@ |=tO hqDN= u} QDsm u=wvax@ =tO

"Ov=xOW
xO=iDU= =@ "CU= xR=@ Qy QO =yu=} QH GwQN w OwQw |=y=tO x@ \w@ Qt 3 pwOH

(�Tmin = |Br=Dv; |xR=@ QyQO =yu=} QH |HwQN w |OwQw |=y=tO "3 pwOH
"150C)

Interval TH:In TH:Out TC:In TC:Out �TLM

(0C) (0C) (0C) (0C) (0C)

1 327 220 199 6 235 2 47 44
2 220 192 3 170 199 6 21 34
3 192 3 185 6 164 170 21 94
4 185 6 160 145 164 18 1
5 160 156 2 140 145 15 6
6 156 2 155 3 138 140 16 74
7 155 3 116 100 138 16 64
8 116 103 2 85 100 17 08
9 103 2 97 3 60 85 26 61
10 97 3 94 3 35 60 47 45

"|v=} QHOvJ pO@t |=yxa]k |x}rw= O=a@= "4 pwOH
Interval Length(m) Width(m) Height(m)

1 0 8 1 3 0 25
2 0 5 1 3 0 66
3 0 12 1 3 0 76
4 0 54 1 3 1 03
5 0 08 1 3 1 3
6 0 04 1 3 1 01
7 0 74 1 3 1 24
8 0 26 1 3 1 15
9 0 38 1 3 0 43
10 0 13 1 3 0 33

"|v=} QHOvJ pO@t |=yxa]k |}=yv O=a@= "5 pwOH
Interval Length(m) Width(m) Height(m)

1 0 37 1 3 1 3
2 0 33 1 3 1 3
3 0 09 1 3 1 3
4 0 47 1 3 1 3
5 0 08 1 3 1 3
6 0 03 1 3 1 3
7 0 72 1 3 1 3
8 0 23 1 3 1 3
9 0 22 1 3 1 3
10 0 07 1 3 1 3
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"1 xa]k |=yu=} QH |m}rwQO}y w |DQ=QL |}=yv |=yQDt=Q=B "6 pwOH
Stream No. of passages Surface type �hA(W=0C) Re h(W=m2:k) �P(Pa) Area(m2)

H2 171 2 Strip 1 10�19 35 2933 8 449 7 1328 3 823 34 392
C2 114 05 perforated 13 95P 2654 7 1130 909 17 455 93 348 68
C5 57 147 perforated 13 95P 2674 7 1153 916 33 245 25 174 71

"2 xa]k |=yu=} QH |m}rwQO}y w |DQ=QL |}=yv |=yQDt=Q=B "7 pwOH
Stream No. of passages Surface type �hA(W=0C) Re h(W=m2:k) �P(Pa) Area(m2)

H1 22 517 Srtip 1 9�25 01 7801 5 891 7 2054 2 1563 2 116 15
H2 37 965 Strip 1 9�25 01 7663 6 804 5 2007 2 19922 7 195 85
H4 60 18 Strip 1 8�20 06D 7524 5 1084 1990 4 1063 7 303 02
C2 80 385 Strip 1 9�25 01 7600 8 849 3 1985 9 2691 4 414 67
C5 40 277 Strip 1 9�25 01 7627 5 866 6 1994 9 1445 9 207 77

"3 xa]k |=yu=} QH |m}rwQO}y w |DQ=QL |}=yv |=yQDt=Q=B "8 pwOH
Stream No. of passages Surface type �hA(W=0C) Re h(W=m2:k) �P(Pa) Area(m2)

H1 19 923 Strip 1 9�25 01 2192 3 1008 2199 3 504 23 27 411
H2 33 592 Strip 1 9�25 01 2153 9 909 2 2149 620 19 46 218
H4 53 248 Strip 1 8�20 06D 2114 3 1225 2127 8 342 62 71 508
C2 59 249 Strip 1 8�16 00D 1922 6 1182 1929 1 552 19 79 486
C4 17 827 Strip 1 8�16 00D 1888 4 1077 1885 3 478 24 23 916
C5 29 687 Strip 1 8�16 00D 1930 1206 1938 7 296 87 39 827

"4 xa]k |=yu=} QH |m}rwQO}y w |DQ=QL |}=yv |=yQDt=Q=B "9 pwOH
Stream No. of passages Surface type �hA(W=0C) Re h(W=m2:k) �P(Pa) Area(m2)

H1 15 937 Strip 1 9�25 01 12908 1260 2491 3823 6 117 55
H2 26 871 Strip 1 9�25 01 12686 1137 2434 4702 9 198 19
H4 42 594 Strip 1 8�20 06D 12449 1531 2403 4 2591 4 306 64
C2 39 67 Strip 1 8�13 95 11301 1730 2300 6 3686 4 291 04
C3 13 919 Strip 1 8�13 95 11514 1854 2359 6 1087 7 102 12
C4 11 936 Strip 1 8�13 95 11020 1576 2223 2 3159 4 87 566
C5 19 877 Strip 1 8�13 95 11363 1765 2317 7 1986 4 145 82

"5 xa]k |=yu=} QH |m}rwQO}y w |DQ=QL |}=yv |=yQDt=Q=B "10 pwOH
Stream No. of passages Surface type �hA(W=0C) Re h(W=m2:k) �P(Pa) Area(m2)

H1 28 526 Strip 1 8�19 86 1261 1 1504 2421 3 645 65 16 316
H2 48 096 Strip 1 10�19 35 1235 2 1601 2738 3 1138 7 23 312
H3 190 65 Strip 1 8�19 86 1266 8 1534 2433 1 472 31 109 05
C2 124 15 Strip 1 10�19 35 1096 4 1386 2411 1171 60 174
C3 43 561 Strip 1 10�19 35 1118 1485 2461 5 344 1 21 114
C4 37 354 Strip 1 10�19 35 1078 4 1263 2368 8 1036 5 18 105
C5 62 205 Strip 1 10�19 35 1105 9 1415 2433 2 635 34 30 15

"6 xa]k |=yu=} QH |m}rwQO}y w |DQ=QL |}=yv |=yQDt=Q=B "11 pwOH
Stream No. of passages Surface type �hA(W=0C) Re h(W=m2:k) �P(Pa) Area(m2)

H1 12 232 Louv 1 4b�11 1 561 44 2574 1807 9 129 34 4 8377
H2 20 625 Perforated 13 95p 548 04 2796 1820 5 164 69 6 7747
H3 81 754 Louv 1 4b�11 1 564 7 2626 1820 8 94 988 32 332
C3 34 884 Strip 1 8�13 95 591 5 739 7 1240 19 13 21 518
C4 29 913 Strip 1 8�19 86 614 86 1336 2317 3 513 52 8 6844
C5 49 814 Strip 1 8�19 86 630 81 1497 2382 9 314 76 14 462
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"7 xa]k |=yu=} QH |m}rwQO}y w |DQ=QL |}=yv |=yQDt=Q=B "12 pwOH
Stream No. of passages Surface type �hA(W=0C) Re h(W=m2:k) �P(Pa) Area(m2)

H1 22 188 Strip 1 8�19 86 13301 1933 2800 7 8647 2 117 24
H2 37 411 Strip 1 8�19 86 12998 1744 2730 5 10719 197 68
H3 148 29 Strip 1 8�19 86 13359 1972 2814 4 6325 7 783 56
C1 125 45 Strip 1 9�24 12 17401 2836 3758 3 9853 9 638 43
C3 25 091 Strip 1 9�25 01 17695 1023 2153 2062 5 283 2
C4 21 515 Strip 1 9�25 01 17208 869 8 2075 9 6137 8 242 85
C5 35 829 Strip 1 9�25 01 17548 974 2 2129 5 3794 3 404 41

"8 xa]k |=yu=} QH |m}rwQO}y w |DQ=QL |}=yv |=yQDt=Q=B "13 pwOH
Stream No. of passages Surface type �hA(W=0C) Re h(W=m2:k) �P(Pa) Area(m2)

H1 30 627 Strip 1 8�19 86 3558 7 1401 2323 6 1703 4 51 335
H2 51 639 Strip 1 10�19 35 3485 4 1491 2629 6 3004 73 345
H3 204 69 Strip 1 8�19 86 3574 7 1429 2335 1246 343 09
C1 209 23 Strip 1 10�19 74 3260 1 2353 3016 7 2263 8 244 08
C3 41 845 Strip 1 8�19 86 3342 2 1310 2170 4 752 09 70 14
C4 35 882 Strip 1 10�19 35 3228 9 1315 2423 7 3223 4 50 966

"9 xa]k |=yu=} QH |m}rwQO}y w |DQ=QL |}=yv |=yQDt=Q=B "14 pwOH
Stream No. of passages Surface type �hA(W=0C) Re h(W=m2:k) �P(Pa) Area(m2)

H1 14 816 Plain 14 77 1806 2 1407 666 56 158 37 48 672
H2 24 982 Plain14 77 1754 1 1269 643 8 195 71 82 065
H3 99 024 Louv 1 2�6 06 1589 8 3107 1214 6 204 76 150 26
C3 74 736 Strip1 10�19 74 2096 1054 1985 7 999 71 83 046
C4 64 086 Strip 1 8�19 86 2241 623 8 1490 1 915 62 102 32

"10 xa]k |=yu=} QH |m}rwQO}y w |DQ=QL |}=yv |=yQDt=Q=B "15 pwOH
Stream No. of passages Surface type �hA(W=0C) Re h(W=m2:k) �P(Pa) Area(m2)

H1 14 699 Plain 14 77 545 62 1418 670 11 84 201 14 522
H2 24 784 Plain 14 774 529 91 1279 647 24 59 567 24 485
H3 98 241 Louv 1 2�6 06 480 49 3132 1221 4 62 432 44 831
C3 137 72 Strip 1 9�24 12 551 09 413 3 1231 5 78 755 63 689

|=Q@ xrwr w xDUwB w |v=} QHOvJ |=ypO@t |O=YDk= C=@U=Lt G}=Dv "18 pwOH
"EL@ OQwt xr�Ut

Exchanger �Tmin Annual Annual Total
type (0C) utility capital annual

cost($) cost($) Cost($)
Shell & tube 19 1815000 1308000 3120000
Multi stream 15 1668750 782065 2450815

|Q}oxH}Dv "6
Ea=@ '|DQ=QL Ci=} R=@ |=yxm@W QO |v=} QHOvJ |DQ=QL |=ypO@t R= xO=iDU=
uOQ@ q=@ w R=}v OQwt |=[i Vy=m x@ xHwD =@ w xOW xv=}r=U |=yxv} Ry Vy=m
QDut}= w QDy@ pQDvm xH}Dv QO w Ov}=Qi |oO}J}B Vy=m 'xawtHt |DQ=QL |}=Q=m
pUv |DQ=QL |=ypO@t u=wvax@ =yu; R= u=wD|t w CW=O Oy=wN p=@vO x@ =Q Ov}=Qi
l}ORv |}xOv}; QO xm OQ@ s=v CQ=QL Ci=} R=@ |=yxm@W QO xO=iDU= Qw_vtx@ O}OH

"OW Ovy=wN xrwr w xDUwB |=ypO@t u} Ro}=H

"|v=} QHOvJ |DQ=QL pO@t |=Q@ Ov}=Qi |wQ |Q=PohOy R= pY=L G}=Dv "16 pwOH
�Tmin Hot utility Cold utility Total Area

(0C) (MW) (MW) req:(M2)
15 19 43 21 15 1867

xrwr w xDUwB |=ypO@t R= xO=iDU= =@ Ov}=Qi |Q=PohOy R= pY=L G}=Dv "17 pwOH
"�hwyv}r w OtL=�

�Tmin Hot Cold Total Number
(0C) utility utility Area req. of

(MW) (MW) (m2) Shells
19 21 15 22 87 30700 12

w xDUwB |=ypO@t |=Q@ R=}v OQwt sHL xm |r=L QO "CU= 5m3 OwOL QO pO@t
O=} R Q=}U@ Vy=m Ea=@ 'R=}v OQwt |=[i Vy=m �"CU= 200m3 OwOL QO xrwr
Oy=wN xawtHt QDW}@ |vt}= u}vJty w QDCL=Q pQDvm xH}Dv QO w Ov}=Qi |oO}J}B

"OW
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}=kt(kg/s)|tQH |@O : :m

pDv=QB OOa :Pr

(m2 0C=W )?wUQ R= |W=v |DQ=QL Ctw=kt :R

(m2 0C=W ) xQ=w}O |DQ=QL Ctw=kt :RW
(m3) p=v=m sHL :V

(m3) pO@t sHL :VT
ROrwv} Q- l =m]Y= ?} Q[ x]@=Q QO C@=F ?}=Q[ :x,y

(m2=m3) pm sHL x@ hQ] l} CQ=QL p=kDv= K]U :�

(m2=m3) hQ] l} sHL x@ CQ=QL p=kDv= K]U C@Uv :�

(m) xLiY wO u}@ xrY=i :�

(kg/m s) CHRr ?} Q[ :�

(kg=m3) |r=oJ :�

xQB |}=tO Q}F-=D :�

s�qa CUQyi
m2 'CQ=QL p=kDv= K]U :A

ROrwv} Q- uQ@rwm QwDm =i x]@=Q QO C@=F ?} Q[ :a,b

J=kg0CxS} w |}=tQo C}iQ_ :Cp

W=0C |}=tQo C}iQ_ MQv :CP

(m)|m}rwQO}y Q]k :Dh

|rm p=kDv= K]U x@ xQB CQ=QL p=kDv= K]U C@Uv :fs

(W=m2 0C)CQ=QL p=kDv= ?} Q[ :h

(W=m0C)p=}U |DQ=QL |}=v=UQ :k

CQ=QL p=kDv= ?} Q[ pwtQi QO C@=F ?} Q[ :Kh

Q=Wi Ci= pwtQi QO C@=F ?} Q[ :Kp

CWwv=B
1. support
2. common wall temperature
3. sizing
4. rating
5. counter current ow
6. enthalpy interval
7. critical stream
8. reference stream
9. optimum minimum temperature approach
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