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LAMPIRAN

Shell (Residu)

Data Pengamatan :
T1=447,8 °F

T2 =298,04 °F

V =71,97 f!/jam
p =09125Kg/L

Tube (Crude Oil)

Data Pengamatan :
tl =196,88 °F

t2 =269,6 °F

V =389.4 ft*/jam
p = 0,8381 Kg/L

Shell (Residu)

Tube (Crude Oil)

1. Menghitung Specific Gravity (Sg)

1. Menghitung Specific Gravity (Sg)

Diketahui :
p =0,9125Kg/L

Dens 15 Sg
0,913 0,9135
0,9125 0,9129
0,9124 0,9129

(ASTM Petroleum Measuresment)

Diketahui :
p = 0,8381 Kg/L

Dens 15 Sg
0,8383 0,8388
0,8381 0,8385
0,8379 0,8383

(ASTM Petroleum Measuresment)

2. Menghitung °API

2. Menghitung °API

Diketahui :
p =0,9125Kg/L
Dens 15 API
0,913 23,4
0,9125 23,483
0,9124 23,5

(ASTM Petroleum Measuresment)

Diketahui :

p = 0,8381 Kg/L
Dens 15 API
0,8383 37,2
0,8381 37,3
0,8378 37,4

(ASTM Petroleum Measuresment)

3. Menghitung Temperature Average

(Tav)

3. Menghitung Temperature Average

(tav)
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T1+T2 T1+T2
Tav = tay = —
2 2
447,8 °F + 298,04°F 196,88 °F + 269,6 °F
Tav = tav =
2 2
745,84 °F 466,48 °F
Tav = — tav = —

Tav = 372,92 °F

tav = 233,24 °F

4. Menghitung Cp

4. Menghitung Cp

Dari Fig. 4 Kern
Tav = 372,92 °F, maka
Cp =0,59 Btu/lb °F

Dari Fig. 4 Kern
Tav = 233,24 °F, maka
Cp =0,55 Btu/lb °F

5. Menghitung Massa Jenis

5. Menghitung Massa Jenis

p =0,9125Kg/L
p =56,97 Ib/fe

= 0,8381 Kg/L
p =52322 b/

6. Menghitung Mass Flow

6. Menghitung Mass Flow

W Residu = p Residu.V Residu
W Residu = 56,97 Ib/ft* x 71,97 ft}/jam
W Residu = 4067,5 Ib/jam

W Co=p Co.V Co
W Co = 52,322 Ib/ft? x 389,4 ft}/jam
W Co =20374 Ib/jam

7. Menghitung nilai Panas yang
dibutuhkan (Q)

7. Menghitung nilai Panas yang
dibutuhkan (Q)

AT Residu=T1 -T2

AT Residu =447,8 °F - 447,8 °F

AT Residu = 149,76 °F

Q Residu = W Residu x Cp Residu x AT
Residu

Q Residu = 4067,5 Ib/jam x 0,59 Btuw/lb °F
x 149,76 °F

Q Residu = 359397 Btu/jam

AT Crude Oil =t2 —t1

AT Crude Oil =269,6 °F - 196,88 °F

AT Crude Oil = 72,72 °F
QCo=W Co x Cp Co x AT Co

Q Co=20374 Ib/jam x

Q Co =359397 Btu/jam x 0,55 Btu/lb °F
x 72,72 °F

Q Co = 814886 Btu/jam

8. Menghitung Neraca Panas

Q=Q Co—QResidu
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Q = 814886 Btu/jam - 359397 Btu/jam

Q =455489,324 Btu/jam

Q Losses = (Q/Q Co) x 100%

Q Losses = (455489,324 Btu/jam/814886 Btu/jam) x 100%
Q Losses = 55,896 %

9. Menghitung LMTD

Cold Fluid
Hot Fluid (F) Diff
(F)
4478 High T 269,6 178,2 A2
298,04 Low T 196,88 | 101,16 |  Atl
77,04 | At2-Atl

At2 — Atl
In (377)
MTD — 178,2 °F — 101,16 °F
- 1 178,2°F
"701,16 °F
LMTD = 136,06 °F
_T1-T2
T t2-t1

447,8°F — 298,04 °F

~ 269,6 °F— 196,88 °F
R = 2,0594
t2 —t1
TT1-t1

269,6 °F — 196,88 °F

~ 447,8°F — 196,88 °F

S$=10,2898

Diperoleh nilai Ft = 0,9 (Fig.18 Kern)
ATLMTD = LMTD x Ft

ATLMTD = 136,06 °F x 0,9
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ATLMTD = 122,46 °F

10. Menentukan Caloric Temperature

a. Menentukan nilai Kc

AT Residu=T1 -T2

AT Residu = 447,8 °F - 298,04 °F
AT Residu = 149,76 °F

‘APl = 23,483

Kc = 0,65 (Fig.17 Kern)

b. AT Cold/ AT Hot
AT Cold/ AT Hot = 0,567
Fc=0,41 (Fig.17 Kern)

c. Menentukan Calaoric Temperature

Tc Residu = T2 + Fc (T1 - T2)

Tc Residu =298,04 °F + 0,41 (447,8 “F-298,04 °F )
Tc Residu = 359,44 °F

tc crude oil = t1 + Fc x (12 — t1)
tc crude oil = 196,88 °F + 0,41 (269,6 °F- 196,88 °F)
tc crude oil = 226,7 °F

11. Menentukan Flow Area 11. Menentukan Flow Area

ID Shell = 36,457 i Nt =400

C =0,251 n =1

B =25,886 in ODtube =1

n =1 BWG =14

Pt =1,251in a’ =0,479 (Kern, Tabel 10)
ID shell x C' X B Nt x a'

as = — at =———5——
nx144}%xpt 144%><n
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_ 36457 in x 0,25in x 25,886 in

as =

in2
1 x144 Y5 x125in
ft?

as = 1,3107 ft?

_ 400x 0,479

T2
144%“

at

at = 1,3305 ft?

12. Menentukan Mass Velocity

12. Menentukan Mass Velocity

_ W Residu
5= as
4067,5 jclz_bm
Gs = 13107 fr2
Gs = 3103,2
s jam ft?

W Crude 0il
Gt= ——
at

20374,2 &
jam

G5 = 13305 fe2

b
Gs = 15312,5 m

13. Menentukan Bilangan Reynolds

13. Menentukan Bilangan Reynolds

Diketahui :

Diketahui :

OD=11in D Tube = 0,782 in (Tabel 10 Kern)
Pt =1,25 =0,06514 ft
De=0,72in ‘API1 =373
=0,0598 ft (Fig.28 Kern)
‘APl = 23,483
API X Y API X Y
34 10,3 21,3 42 11,6 16
28 10 23,6 37,3 10,52 | 18,6857
23,483 9,977 25,331 35 10 20
Tc=359,44 °F tc = 226,695 °F
p=12Cp n=0,8 Cp
= 2,904 1b/ft jam = 1,936 Ib/ft jam
Re:Desz Re:Desz
H H
0,0598 ft x 3103,2 L
’ ™ jam ft?

Re =

2,904 Ib/ft jam
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0,06514 ft x 153125 —2
jam ft
Re = b
1,936f—t]am
Re = 515,221

14. Menentukan Faktor Perpindahan

Panas

14. Menentukan Faktor Perpindahan

Panas

Jhs = 3,9 (Fig.28 Kern)

Diketahui :

L=11,482ft

ID =0,06514 ft

L/ID = 11,482 11/0,06514 ft
Jht = 2,5 (Fig.24 Kern)

15. Menentukan Koefisien Perpindahan

Panas

15. Menentukan Koefisien

Perpindahan Panas

Diketahui :

Tc =359,44 °F

*API =23,483

K  =0,067 (Fig. 1 Kern)

k Cp X u\1/3 0,14
ho = jHs x—x(p ,u) x<i)
Hw

De k
ho .o 0067 <0,59 X 1,2)1/3
¢s ' 70,0598 0,067
ho — 11563 Btu
s 7 jam ft?°F

Diketahui :
tc =226,7 °F
K =0,079 (Fig.1 Kern)

1
k Cp X 3 0,14
hi = jHt x—x(p “) x(i)

De k Wy
ho _ 25 x 0079 (0,55 X 0,8)1/3
ot 0,06514 0,079
hi Btu
o = O01618 e
Diketahui :
OD Tube =1 in
ID =0,782 in (Tabel 10 Kern)
h,, hi Di
ot ot 0D
% 661618 Btu o 0,782 in
ot ’ hr. ft2.°F 1lin
Pio _ g 1735 B0
ot ’ hr. ft2.°F

16. Menentukan Wall Temperature
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ho
tw = tc +L(Tc —tc)
hio  ho
ot  Os
Btu
11,563 ————=
tw = 226,7 °F + — jam. ft2.°F S (359,44 °F — 226,7 °F )
5,1738m+ 11,563 m
tw = 318,41 °F
17. Menentukan Koefisien Transfer 17. Menentukan Koefisien Transfer
Panas Panas
Diketahui : Diketahui :
tw=318,41 °F tw=318,41 °F
°API = 23,483 ‘AP1 =373
API X Y API X Y
34 10 20 42 11,6 16
28 108 21,3 373 10,52 | 18,68
23,483 11,4 19,021
35 10 20
=0,5C
H P 1=035Cp
= 1,21 Ib/ft jam .
= 0,847 1b/ft jam
o 0,14
0. () oy
g MW @5 = (l,[_>
w
2,904, 1 014
®5:(121> 0 —(1’936)'
' s \0,847
= 1,1304
D 0, = 1,1227
18. Menentukan Koefisien Perpindahan 18. Menentukan Koefisien
Panas Terkoreksi Perpindahan Panas Terkoreksi
ho =12 hi= " o
0= s s i= o
ho = 11,563 ‘ X 1,1304 hi =5,1738 fu x 1,1227
A T T A T T
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ho = 13,07 — 2% hi = 58086 —o
o= hr. ft2.°F PE hr. ft2.°F
19. Menentukan Clear Overall Coefficient
Uc = ho X hio
€= ho + hio
Btu Btu
13,07 pfezop X 8086 iz p
Uc = Btu Btu
1307 7 ez + 58086 3y o
Uc = 55343 — %
€ O 2 oF
20 Menentukan Fouling Factor
Diketahui :
Nt =400
OD =1

BWG = 14, maka didapatkan a’’= 0,2618 (Tabel 10 Kern)
L=11,483 ft
A=Ntxa"’"xL

tZ
A = 400 X 0,2618];—t x 11,482 ft
A = 1202,39504 ft>
Qt
Ub = A X ATLMTD
814886 2t
Ud _ ]am
1202,39504 ft2 x 122,46 °F
Ud = 40215 — 2
- hr. ft2.°F
Rd — UC — UD
T UCxUD
Btu Btu
55343 g o — 40215 ey
Rd = Btu Btu
5,5343 T x 4,0215 A FOF

Rd = 0,068
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21. Menentukan Effisiensi

= Q Shell X 100%
n= Q Tube 0
359397 %
n= ~ Btu X 100%
814886 T
r
n =44,104 %
22. Evaluasi Pressure Drop
1. Menentukan Nilai Friksi 1. Menentukan Nilai Friksi
Diketahui : Diketahui :
Res = 63,86 Ret =515,221

£ =0,008 (Fig.29 Kern)

f =0,00032 (Fig.26 Kern)

2. Pressure Drop

Diketahui :
L = 11,482 ft
B = 25,866 in
N+l 12X L
B
N1 12 x 11,482 ft
25,866 in

N+1=5326ft
De =0,0598 ft

ID =3,0259 ft

f =0,008

Gs =3103,2 Ib/jam ft?

Sg  =0,9129

0, =1,1304

APs = f X Gs? x IDs x (N + 1)
5,22 X 1019 X De X SG X @s

APs = 0,008%(3103,2)%2%3,0259%5,326

5,22%1010x0,0598%0,9129%1,1304

L =11,482ft

n =1

ID =0,0649 ft

Gt =15312,5412 Ib/jam ft*

Sg =0,8385

0, =1,1226

f =0,00032

APt = fotZX'LXn
5,22 X 101° X Di X SG X @t

APt = 0,00032x(15312,5412)%x11,482x1

o 5,22x10109x0,0649%0,8385%1,1226

APt = 0,00027 Psi
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APs = 0,00039 Psi

3. Menentukan AP Total

p (Crude Oil) = 52,322 Ib/fY
Gt = 15313 Ib/jam f©2

n=1
Sg=0,8385
g =322 ft’/s
Gt
v=—
p
o 15313].617711#
52,322 75
v = 292,66 ft/jam
APr = 4_n X Z
SG 2g
APy 4%1 292,66].5—:”

2
2><32,2f%

APr = 0,00048 Psi

AP total = APt + APr

AP total = 0,00027 psi + 0,00048 psi
AP total = 0,00075 psi
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Table 3
ASTM-—IP API Gravity to Specific Gravity and to Density 15-30° API

APL

?.cng z:dﬁe Density APl z:dlc ity

Gravity l Gravity vii . vl »

. | o', wr | s | 13C |“QF | sones.| '%C
150 | 09650 | 09653 | 200 | 090 | osaxs | 250 | osoe2
151 | 09062 | 09647 | 291 | 0933 | osows | 264 | 00038 | 9.803)
152 0.9648 0.9640 20.2 09328 232 0.9030
153 0.9039 0.9023 200 0921 083106 253 0.9024 09019
154 | osesz | overn | 204 | osais | oso | 254 | osois | osone
155 | oosse | 00620 | 205 | 09300 | oesoe | 255 | ooz | 09008
156 | 09819 | ovels | 206 | 09m3 | ows | 256 | 09007 | 09002
157 | o9e13 | oseor | 207 | 0927 | osmz | 287 | osoor | osee
158 0901 | 208 | oeze1 | os2ss | 258 08991
159 | 09600 | 09304 | 209 | 09285 | o920 | 259 | osee0 | o.s9ss
160 | ovse 210 | ove | osziz | 260 | osess | osew
16.1 ossst | 211 | 09273 | 09267 | 261 | ose1s | o9
162 | 09s80 | 09515 | 212 | 09267 | o9e2er | 262 | 03973 | Osves
163 | 0957 | 09568 | 213 | 09260 | os2ss | 263 | osoe7 .| oseez
164 0962 | 214 | 09254 | 09249 | 26.4 | osse1 | 05956
165 ' 0.8951
166 0949 | 216 | 09242 266 0545
167 09s42 | 217 | 09236 | oe2 | 267 05940
168 218 | 09230 | os:s | 268 0.5934
16.9 09530 | 219 | 09224 | osaie | 269 0.5928
17.0 220 | osae | osma | 270 08923
17.1 ow17 | 221 | os22 | o7 | 2 08917
172 ossi0 | 222 | oee 08911
173 0 23 | o osiss | 273 0.8906
174 omes | 224 | o9im | osise | 274 08800
175 ool | 225 | ooiss | osiss | 275 04895
176 26 | 09 osinr | 27 04889
177 os7s | 227 | oms | osm | 27 08883
178 o7z | 228 | om0 | osies | 278 08878
179 o8 | 229 | osies | osise | 279 0.8872
18.0 00450 | 230 | oo | omss | 280 0.5887
181 o053 | 231 | 09153 | osies | 281 08861
182 0.9447 232 09147 09142 32 05858

ooul | 233 | asial | 00138 | 283

184 omu | 234 | osi3s | oo | 28%

0.9428 238 09129 09124 288
0MIs ns 09117 09112 8.7
0.9409 288

194 09372 244 | 0% | oson1 294 0
133 0388 | 21 | oW | 3 | 2 o
197 09353 | 247 | 09050 | 09054 | 297 05773
198 09347 | 248 2053 | o8 | 298

B EGEE GgEER sEaEE EERGH ESHGR EORAE oEm
§ §5555 SHEEE HRRGE RUGE SENRR EECH M
E
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HEAT
TRANSFER

D. Q. KERN

INTERNATIONAL STUDENT EDITION
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APPENDIX OF CALCULATION DATA 803
0.9 'y +LLl I
fuw 'y !
"1 1
-H LI !
E 0.00 . T - T
o = T s i T
< LT
z T LB H
{ 1
g am : ~— : S " - -
@ 2t D I ;
- - - ——— - — ~ — :ﬁ
z et
> b——s — —
§ 0.07 _‘: S — - :: - T ' :
— —- — % r
- -~ T
s 1
0.06 + =10
3 -
+4 : 1
s o
005 : . 4 Y T yomm
0 100 500 0

300 400
Temperature,*F
Fi6.1l. Thermal conductivities of hydrocarbon liquids. (Addapled from Natl. Bur, Standards
Mise, Pub. 97.)
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806 PROCKSS HEAT TRANSFER
0 g

3
20

Q00
L3

800

gmuuo-u"l;m £00:8
Vo4 HOLIVS NOLLIIWDD

v 4

TEMPERATURE
Fio. 4. Specific heats of hydrocarbon liquids, |Holcomd and Brown, Ind. Eng. Chem,, 34, 505 (1042).)

1 X = charnetarization factor.

444

’o

TIIT
shui

I
1t
13333 2 o s

T ! 5
(3,)(87) /NL8 LV3H DIdI03dS
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APPENDIX OF CALCULATION DATA 821

Viscomries or Pernowsvu Fracorions
For temperature ranges employed in the text
Coordinates to be used with Fig. 14

X ' 4
76°API patursl gasoline. . ....... ... ...| 14.4 6.4
BARL el .ocvsinars ey v 1.0 10.5
42°API kerosene. . S T 11.8 16.0
35°API distillate. .. .. oo 100 20.0
AP md-ccnlmtemda eransnn] 308 21.3
28°API gas oil., ceveiiien] 1000 | 23,8
Viscosmmies oy ANINAL AXp Vmaxramiz Owns*
T
Acid Spegr, | '
No. ' 20/4°C ‘ X Y
Almond. . 2.85 | 0.9188 6.9 28.2
Coconut. . 0.01 i 0.9226 69 26.9
Cod liver. .. oo | 0.9138 77 | 77
Cottonseed .. 1424 | 0.9187 7.0 28.0
Lasé..... . 3.3 | omas 70 | 332
Linseed . 3.42 0.9297 6.8 2.5
Mustard - 0.0237 7.0 %5
Neatsfoot 13.35 0.9158 6.5 28.0
Olive. e 0.9158 6.6 283
Paln hrno. 9.0 0.9190 7.0 2.9
Porilla, raw 1.36 0.9297 8.1 27.2
Rapesced .. 034 | 09114 | 70 | 288
Sardine. . . 0.57 0.9384 7.7 273
Soybean 3.5 ' 0.9228 8.3 278
Sperm ... , 08 | 08820 | 7.7 | 263
Sunfiower..... ... 2.76 | 09207 | 7.5 | 27.8
Whale, refined. } 0.78 0 9227 7.5 76
L.
* Based on dats at 100 and 210°F of A. R. Rescorla and P. L. Carnaban, Ind. Bny. Chem , 38, 1212-
1213 (1936).
Viscosrrizs or Cosoaeroiar Farry Acios®
250 to 400°F
8p gr
at 300°F X ¥
Laurie. . 0.7 10.1 2.1
Olede..... 0.7 ] 10.0 25.2
Palmitie. 0.786 9.2 29
Stearie......... .... ] 0.7 | 10.5 l 25.5
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APPENDIX OF CALCULATION DATA 823
Yemperature Viscosity
0eg.C. Deg . Centipoises
200 — 390 s
b 300 90
190 1 370 %0
180 - 360 70
- 4 350 0
170 ~ 340
- 3% $0
160 - 320 0
180 T 30
% s
140 -4 280
t 27
130 -1 200 %0
120 - 2%0
-« 240
1o 4. 2%
-+ 220 30 "0
100~4 210 ?
“1-200 20 "
]
2 “L 1o
. .
o . 180 -
4 10 24 ¢
70 - 160 <
<4 150 2 -
60 ~ 140 - 3
- ‘”
50 % 120 ™ 2
-+ o
4% 1100 Y
o4 ¥ - g
I 2
e 2
20 L 07
4 60 08
0 -+ % os
- ‘o . “
oL w0 3
. 03
- 20
-0 -~ % 4
L
. 2 02
= 0
-20 ~
o
g w0 0O 2 4 ¢ o »: 2 W % 8 2
-30 J° -0 ol

Fio. 14, Viscosities of liquids. (Perry, " Chemical Engincers’ Hondbook," 3d ed., McGrow
Hill Book Company, Inc., New York, 1950.)
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APPENDIX OF CALCULATION DATA 825
Viscosit
Tcor:qum h"‘ﬁ Celnfi%olsls
-100 0.l
0.09
-100 0.08
0.07
Q06
0
0 0.05
30
100 2 0.04
2
o8 w0 % 0.03
300 2
20
200 e 8 002
500 YIG
300 600 %
700 2
400 800 "
900 8
500 00!
1000 6 0009
600 1100 4
1200 0008
700 1300 2 -
1400 0
- 1500 0 2 %4 6 8_10 2 4 16 8 L o006
1600 X
900 1700 ]
1000 1800 0.00

Fio. 15. Viecosities of gases.
H&l Book Company, Inc., New York, 1960.)

(Perry, “Chemical Engineers’ Handbook," 34 od., McGraw-
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834 PROCESS HEAT TRANSFER

e e (RN
28882 R 8

(Adapted from Sieder and Tate.)

m-%ﬁ

Tube-side heat-transfer curve.
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836 PROCESS HEAT TRANSFER
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