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LAMPIRAN

Perhitungan Neraca Massa & Energi

Perhitungan Kapasitas Rancangan

1.

AN O

Kapasitas produksi : 600.000 ton/tahun
Waktu operasi : 330 hari/tahun
1 hari kerja : 24 jam
Waktu operasi 1 jam

Basis perhitungan : 1.000 kg/jam

Kapasitas produksi dalam 1 jam operasi

__ 600.000ton _ 1.000kg _ 1tahun 1 hari

1 1ton 330 hari 24 jam
=75.757.8 kg/jam (4.448.,4 kmol / jam)
Kebutuhan bahan baku :

Reaksi keseluruhan :

N> + 3H, > 2NH;3

Pra Rancangan Pabrik ini menggunakan perhitungan software ASPEN
HYSYS Versi 14.
(https://drive.google.com/drive/folders/1lunBH{Esz2ZWTFkX TIF XbtnnlK

-L5VZnC?usp=sharing)

1.

Komponen input :

o Nitrogen (N2)

o Hidrogen (H»)

o Oksigen (O2)

. Air (H20)

. Argon (Ar)

o Karbon dioksida (CO2)
. Amonia (NH3)
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Property package menggunakan Peng-Robinson = dipilih karena

hasil perhitungan lebih akuran dan sederhana.

Petroleun Assays -~ Fluid Package: Basis-1 -~ +

SetUp | Binary Coetfs | StabTest | Phase Order | Taouiar | notes |

PackageType:  Hvsys Companent List Selection Component List - 1 [HYSYS Databarksl v | View
Property Package Selection Options Parameters
Enthal Property Package EOS
Braun K10 i
BWRS Density Costald
Choo Seader Modify Tc, Pc for H2 He Madify Te, Pc for H2, He

ien Nult Viscosity Method HYSYS Viscosity

L"?f” PRl i Penig-Robinson Options HYSYS
‘(: 3 £0S Sclution Methods Cubic EOS Analytical Method
Esso Tabular

Extended NATL Phase Iaentificanon Default
GCEos || || sutace Tension Metnod HYSYS Method
Swwiol i 1 Thermal Conductivity AP1 12A3.2-1 Method
Gheol Rackage :

Groyson Streed

Hydmgen Packoge

IAPWS-

Kabadi-Danner
Loe-Kesier-Plocker
MBWR

NBS Steam

NRTL
Pang-Robinson
PR-Tu

- [ sanpupenes |

Reaksi stoikometri :

Canversion Reaction: Rxn-1 =8
- Stoichiometry Info -Basis
Component Mole Weight Stoich Coeff Base Component Nitrogen
Nitrogen 28013 -1.000 Run Phase Overall
Hydrogen 2016 -3.000 S 30.00
Ammonia 17.030 2.000 & Samptye
**Add Comp™* c2 <emply>
Conversion (%) = CO + C1*T + C2*T"2
(T in Kelvin)
Balance Error 0.00000
Balance :
Reaction Heat (25 C) -9.1e+04 kl/kgmole
Produksi Amonia
Daftar komponen :
=83

Component List View: Component List - 1 [HYSYS Databanks]

Squrce Databank: HYSYS Select Pure Components. | Filter All Families =
| g — L Full HarerBmonym -
1 Hydrogen Pure Companent P
. Nitrogen Pure Companent | Simulation Name: Full Neme / Synonym Formula 2
Argon Pure Companent Methane c CHA
Ammonia Pure Companent | Ethane c2 C2HG
H20 Pure Companent | Propane a C3Ha
i-Butane 04 CAH10
n-Butane nc4 c4H10
+-Pentane s csH2
n-Pentane n-Cs C5H12
| n-Hexane ) CeH14
| n-Heptane cr CTH16
nOctane =] CeH1B
n-Nonane @ €aH20
n-Decane cio CloHzz
nc1 ] CliHz
nC12 ci2 CI2H6 -

o |




Reaction set :
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Conversion Reaction: Rxn-1 =82
- Stoichiometry Info - Basis
Component Mole Weight Staich Coeff Base Component Nitrogen
Hydrogen 2016 -3.000 Rxn Phase Overall
Nitrogen 28,013 -1.000 <o 35.00
Ammonia 17.030 2.000 4] <emply>
**Add Comp** c <empty>
Conversion (%) = CO + C1#T + C2*TA2
(T in Kelvin)
Balance Error 0.00000
:
Reaction Heat (25 C) -9.1e+04 ki/kgmole
= 23

-Set Info

Set Type

Conversion

Add to FP
Detach from FP

[ Ranking... ] [ Advanced... ]
Active Reactions Type Configured Operations Attached
Rxn-1 Conversion v CRV-100

Add Reaction

]"i [ Delete Reaction ] [ Copy Reaction




£0ZISMD

1

ELL-UMD

2z

£ abEIs

dwo) ZHd

MO

atnd
2N
181003
el

TEMD
t

681

uaS0IpIH SASAH IS[nWIS j90ysmol,] 7 uendwe requien)

2308
0
L0PATA £01
sez 9z 152
—_—— ——
. £z s zz
ez o
=
soeaysadhs
°
] 10ZUMD | abeis 51z -
202-4M0 weazHd duad Zhd = zgHm
50z
a1z e >
- L V A
4 6 [124
w0 s i oo sns <
TH dwpd J8j00)
et H ' Pt H I-rav
61z Jojesedas az P o3 —
Nx umum_ Jojesedag e P 1z o~ 01z ’
TH Y
20z5M0 10ZBEMD
t Lz 1 £1z oz otz 14z 02 o
w0z o SO a w0t B 2 001-aM saueig 3
& Pt N
AV £0Z 202
ponosion M ofz
fewon W
jewsiu wunicy | ] :
Suwem 2 96T 00L-AIN 62z t
uogewsoyu Bussy I - D=
uagoipry 1saxdwoy uep uddoipry  (q
BIEp[) UBUESIWSJ - SASAH ISe[nuis j3sysmof,] | uerndure Jequen)
b ]
levorsdd £01-MMD td 201-4MD awd . 1od
. anep 10L-HMD
10gey i
941 sib )
.
Py 1elig .
" N -
) 1003
801 uds sy

somd
Nd

243

LLEHMD

abers
7

1083

B

1]
L
LL-5MO
T

101

L ZH
abeig 19SUBPUOD B
aNd . ot Lo
I
abes
N 6L
2 el
1
0Z4

uaSoniN uep (NSV) elep ueyesiwod (e

1 JO0USMO[



133

A124002Yy] uep dooj ¢HN SIsaulg ¢ ueadwe| Jequen

e

981

K10A009Y ue( doO7 RIUOWLY SISOJUIS



{12400y wWed)S uep ¢HN I1Se1931JoY SASAH Ise[nuis 199ysmof ] 4 uendwe] Jequier)

918
=
d1
pucly
e3)
Ukw.lv:ou ; WEHS g7
1013 10X =
1S J5 e
d 515
Wnull.
FjEesuspuo]
IEJNQ
A — weaig
o
—
suoo M9 stusd
A
AR it 4 -
..lmzm 203 00z 20T-8MD .
# 2be1g-d
G013
u ¥0Z o
puog sl 104 EHN
1 10Z no
201 EHN
1 -
o
PS03 19N £0L EHN
fewsoN Jossaduod Q0L-XIN o]
EWRLY] UWNED wessbuy ey 199l ¥ #01 EHN
Bunwep z 1 openy
uonewscyu| Bussyy £01-3 £201-3 Ay 1013 ByD 0013 1=n0
by 2300 by 1 -~ 0 & sedufs
14 x:M_“”u 4l ﬂ._ ul
=y t £0L EHN Z01 £HN 10k EHN
¥ t T
-

4124002 WE)S UR(] BIUOWY ISBIOSLOY

L8I



881

MAg uep 10jep urweq SASAH Ise[nuig jysof ¢ uerdwe] Jequien)

¢rav

4

MJg-d
LOL-ATA c10

va
18U wepls d1

10 00b-d m ko
Pl

00L-XIN

i AN o

e

panos 10N

|BWwIoN

00L-A
A— 00L-ATA 110

[BUI3IU| UWNOD)
Buiwepp

uonewuoju) Buissipy

MAE % A U

€



€I8L0 - €I8L0 018L°0 0I8L°0 - - 018L°0 018L°0 018L°0 (uoSonIN) [ow ISyl
- - - - - - - - - - (uoFoIpIyH) [owr I1syeI]
uwnjo)) ZN 9 ELIED 101000 ¢ a3e1g
T M e B A ospn | P9Vemomea | DURSEIN v | oo, oo weong
19pNQ BIEp SISION Jo[U] BIep() PN erepn Jo[ur eIepn u1100)) Je M\ SUI[00D) ARSI oSreyosi Ay PN
€l 111 CIl 0Orl 801 €0I-AMD €01-SMD LOT 901 601 Jun ON Wweans
eIEp() UBYESTWOJ SASAH 1S10uf 29 essey voeIoN ueSumryiod ¢ uendweT joqe],
(#'8T5°T99°TETT1) | (€699°0TT€9T11) ¥'759°900°S TS6LY9S°S¢E TT80°L8I'S | (9°0SE°€9T°S9T°ED) | (+7508°8L6°00TE1) | 6'9€S°TO0°TY | 0°99L°STL'] iy MO[] 1BOH
6'11L 6'11L 9'LOY 9'LOY 9°'LOY 7'res 7're8 9'LOY 9'LOY y/gu AO[] dwn[oA pIbr
€E8F0TL €E8Y°01L 6'LYr'rSE 6 LYy rSeE 6 LyrrSeE 0LILTES 0'LILTES 6' LYY PSE 6' LYY rSe y/3y UBII[Y BSSE]N
- - - - - - - - - eruoury
- - 8€ll 8€ll 8€ll - - 8€Il 8¢l uo3ry
T8EY6¢E T8EP6¢ 1 1 1 €Ty €ETT Y (4! [ OCH
- - L'e L'e L'e - - L'e L'e 20D
- - S'195°T S'195°C S'198°C - - S'198°T S'195°C uagIHQ
- - 1'865°6 18556 1'855°6 - - 1'855°6 1'855°6 uagonIN
- - - - - - - - - uoFoIpIH
T8EY'6E T8EV6€ €8€TTI €8€TTI €8€TTI €TV €TV €'8€TTI €8€T Tl y/ajouisy MO[] Te[OIN
00°¢ (VISn4 8Y'¢ 8¢ 14! 00°¢ (74 el 00°0 3 qui/3y ueuexo ],
00°¢y 00°€€ 00°Sy 1€°67C1 00°Sy 00°¢y 00°€€ 6'evl 00°6¢ 0 ngng
- - 0000°1 0000°1 0000°1 - - 00001 00001 den 1sye1]
- - - - - - - - - (eruowry) jour 1syeI{
- - £600°0 £600°0 £€600°0 - - £€600°0 £600°0 (uo31y) [our IsyeI]
00001 0000°T 1000°0 1000°0 1000°0 00001 00001 1000°0 1000°0 (OTH) 10w 1s3E1]
- - €000°0 €000°0 £€000°0 - - £€000°0 €000°0 (z0D) 10w 1syeL]
- - £€60C°0 £€60C°0 £60C°0 - - £€60T°0 £60C°0 (udB1sHQ) [our IsyeI]
- - 018L°0 018L°0 018L°0 - - 018L°0 018L°0 (ua80mIN) Tow ISYeL]
- - - - - - - - - (uoSo1p1H) Jow 1sye1]
7 19]00D) R Sp— 4 7 93e)S 1 93e1S [ 19]00D) [ 19100 1 °3e1S
93e)s 193u] J91INQO 93e)g 19[00019)U] Josardwoyy J19[000I0)U] o8e)s 193Uy J9pINQO o3e)s 193Uy 307Ul Josa1dwoyy Jo[U] BIRpN) JQwieN Weans
191U] 191 A\ SUIj00)
101\ SuIj00) 1RPINO J3reyosiq E)1179) 101e M\ SuIj00) 101\ SuIj00) aBreyosiq
C01-AMD 20I-SMD SOL 01 €01 101-4MD 101-SMD 01 101 Jun) ON Wweans

681

eIep() ueyesIoJ SASAH ISIouy 29 esse]\ eoeION ueSumiyiod | uendwe] joqe],

eIep) ueyestog (e

I SASAH ueSumiyiod [ise G




(eruowry) jour 1syel{

70000 70000 €r10°0 70000 €r10°0 €v10°0 €r10°0 €710°0 7000°0 (uoS1y) [ow 1syeI1]
- - - - - - - - - (OzH) Tow 1s3E1]
- - - - - - - - - (z0D) 10w 1syEL]
00000 00000 0vZE0 00000 0vZE0 0bZE0 0vTE0 0vze0 00000 (uaB1sHQ) [owr 1Syl
86660 86660 L199°0 86660 L199°0 L199°0 L199°0 L199°0 86660 (u230nIN) [ow 1SYeL]
- - - - - - - - - (ueBoIpIH) jou ISYeL]
N
N I9suapuo) JATeA uorsuedxg uwnjo) gN
Josardwoy] | o3e)s HOmQMMMoM mwME@MMMzO © EmEE se - MMW:mmxm. -19[10QY JO[IN0 Yemeg yemeq jonpoid “MMHEQ MWH QwieN Wweans
19[00013)U] RPN owmm 5 S PN ) RPN XO1-D yonpoxd XOT-D XOTD LB
YOSI
44 121 11 0TI LTI 911 SIT Al 611 1%%) ON Weang
eIep() UByESIWOJ SASAH ISIouq 29 eSSe]\ BORION ueSumiyiod ¢ ueindwe] [oqe],
OLyP189°TL) [ (€€06°T6L° D) | (L'€10°01EY) | (971L0°8%0°9) 8YIT°€69Y | (9°L97°6£97T€0°01) [ (1'6LLTE66S0°0T) vL9ETILY 0°6.8°00°C¢€ 9TST61 y/ry 0[] 783l
LSO 0 LSO 0°90% 090% 6°S€9 6°S€9 9°'L0Y 9°'L0Y L1 y/cu MO[] dwn[oA pmbr]
6918°TS¢E 681 6918°TS¢E 8°666TSE 8°666CSE 0°08S7€9 0°08S+€9 6 LhYrSE 6 LYY S 1'8¥b°1 y/3y UBII[Y BSSEN
- - - - - - - - - - NEOE/\
vELL - vELl vELl vELL - - 8€ll 8€l1 S0 uo31y
- Tl - Tl Tl 6vTTSE 6vTTSE Tl 71 00 OTH
- L€ - L€ L€ - - L€ L€ 00 700
0'15ST - 0'15ST 01SST 0'1SST - - S198T S 198T S0l [[EETTe)
06156 - 06156 06156 06156 - - 1'855°6 1'855°6 1'6€ ToS0oNIN
- - - - - - - - - - ud30IpIy
v E81TI 6t v E81TI €881 €'881°CI 6vTTS¢E 6'vTTSE €'8€TTI €'8€TTI 0°0S y/aj0u3y MO[ ] Te[ON
009 059 059 059 00°L 00°€¢ 0S¥y 00°L 00°L 00°L 3 7wy uBUBRL,
00°0LT 00°S1 00°S1 00°SI 00°SY 00°€Y 00°€€E 00°SY ¥0°0Z1 00°Sy D nyng
00001 80SL°0 00001 00001 00001 - - 00001 00001 0000°1 den 1syei]
- - - - - - - - - - (eruowry) our 1syeI
€600°0 - €600°0 €600°0 €600°0 - - €600°0 €600°0 €600°0 (uo31y) ow 1sye1]
- 00520 - 1000°0 1000°0 00001 00001 1000°0 1000°0 1000°0 (OZH) 10w 1s3e1]
- 00SL°0 - €000°0 €000°0 - - €000°0 €000°0 €000°0 (zOD) 10w 1sye1]
6070 - 6070 €60T°0 €607°0 - - €60T°0 €60T°0 €600 (udBIsYQ) [owr ISy
1041 yor0
EEEOU N o& de mcmtua IO IO .HEOOO JOJ00) IO P[uU JI100 .m owwum ueyninga:
YOO 2IEp) o 191U eIEp() 19pNQ erepn Jo[uI BIEP() 8000 e SUI[00D) YV 190 J—— g PN
€11 [ 41 011 801 €01-4MD €01-SMD LOT 901 601 Juf) ON Weang

061




- - - - - - - - - ua30IpIy
L'6S€9 001€<Y 001€¢Y ¥'€0T°6 v'€0T°6 001€<Y 001€Y L'SLS'8 L'SL8"8 y/210usy MO[] TB[O]N
0S¥y 009C 00'9C 00°¢ 0S¥y 0061 00'61 00°¢ 0S'v 5 guir/3y Ueueyo L,
00°€€ 00°S¥ 79'C8 00y 00°¢€ 00°S¥ 16'66 00y 00°€€ 0 nyng
- 0000°1 00001 - - 0000°1 0000°T - - den 1syer]
- - - - - - - - - (eruowry) [ow ISyRI]
- 20000 0000 - - 0000 000°0 - - (u0Br1v) [our 1syer]
00001 - - 0000°1 0000°1 - - 0000°1 00001 (OTH) [ow Isyer]
- - - - - - - - - (z0D) 10w ISR
- 00000 0000°0 - - 0000°0 0000°0 - - (udBISYO) [owW ISRl
- 86660 86660 - - 86660 86660 - - (uaB0HIN) [owW ISRl
- - - - - - - - - (uoFoIpryH) jowr 1SRl
N N Smownﬂqom N
A1ddng Josaxdwoy] J0sa1dwoy] Wy A1ddng SIS Josaxdwoy] oy A1ddng SUWEN WEL
I0Je A\ SuIj00) 101000 ¢ o8m1g 10Je A\ SuIj00) 10Je A\ SuIj00) BﬁmoowaE 7 9%e1S 19Je A\ SUIj00) I0Je A\ SuIj00) N N
3. 3.
IOV 19pIN0 agreyosiq i) agreyosiq
€I1-SMD 9Tl 1! CLI-dMD CII-SMO yCl £Cl LT1-4MD LT1-SMD ) ON weang
eIep) ueyesiwod SASAH 1S1oug 29 essey eoeloN ueSumiyiod ¢ uendwe] [oqe],
L'681°9S1°C LO1¥'€€0’6 | (§799°091°€) | (U PI€LLYTD | (L TESHLLOY) (S°TEL' LYY SY) (1'29L76€98) | (I'L9L6€°98) | (T'8L8VET'9T) w/ry MO[] 1BOH
Loyl Loyl 09s¢C Loyl 09sC 09s¢C 09s¢C 0°95¢C Levl Yeu MO[f dunjoA pmbr
L¥yL0T] L¥rL0T] TTLOTET L¥rL0T] TTLOTET TTLOTET TTLOTET TTLOTET LYpL0T1 /3y UBII]Y BSSe]\
- - - - - - - - - RIUOW Y
L0 L0 LTIl L0 LTI LTIl LTI LTIl L0 uosIy
- - - - - - - - - OCH
- - - - - - - - - 0D
1’0 1’0 6'0S5°T 1’0 6°0S5°T 6'0S5°T 6°0SS°C 6°0SS°C 1'0 udgIsNO
T60EY T60EY 6'60T°S T60EY 6'60T°S 6'60T°S 6'60T°S 6'60C°S T60EY UZ0oNIN
- - - - - - - - - uoFoIpIH
001€EY 001€¢Y YELS'L 001€¢Y v'ELS'L v'ELS'L v ELS'L vELS'L 001€Y y/210uzy MO TeJOJA
00°CI 00°CI 010 00°S 010 050 050 009 00°S 3 g3y UBUBYQ ],
00°s¥ 1786 0S°T1T 00°L 08°C81 - | 61°9L1 - | TT681 - LTILL C69L1 0 nyng
0000°1 0000°1 0000°1 0000°1 00001 0000°1 92810 - 0000°1 den 1syer]
N
N JOSUOpu0)) JATeA uorsuedxg uwnjo) gN
Josaidwoy] | a3es SwooHMMoM MMEQMW:O o EmEE “ - Mwwgmxm. -10[10q9Y 19[IN0 yemeg yemeg jonpoid HMMMBU MW SwiEN Weang
19]00010JU] JOINQ omﬂm S D osem PO TN SED o XOTO 190 XOT-D yonpoxd XOT1-D XOTD 110 TN SeD
YOSId
Cl 14! 811 0cCl LIT 9l SIT 41 611 nun) ON weang

161



- - - eruoury

¥'0 €0 - uoS1y

B - L'6SE9 OCH

- B B <00

o0 [0 - uagIsyO

9'60¢°C 9°666°T - uaS0nIN

- - - uoFoIpIH
001€T 0°000°C L6SE9 y/210uzy MO[] TB[ON
009C 009C 00°¢ 8 /3y uguRYa ],
00°SY 00°Sv 00°¢Y 9 nyng
0000°T 0000°T - den 1sye1g
- - - (eruowry) jour 1syel{
0000 0000 - (uo31y) [ow 1sye1]
- - 0000°T (OTH) 10w 1sye1]
- - - (20D) 10w Isyex]
0000°0 0000°0 - (uagisyQ) [ow Isyel
86660 8666'0 - (uaonIN) Jou Isyer]
- - - (uoSo1p1H) Jow Isye1]
(peay) Ieh1g Suiding wnoy SN S

321U Y US0MIN Jnun uaSonIN 19Je A\ SUIj00D)

LTl 8¢l EL1-dMD nun ON weang

rIEp() uBYESIO SASAH ISI0UY 29 esse]y eorIoN ueSumrgiog | uendwe] [oqe],

(€°608°08T°918°T) | T'SISLYLT 0°0SS'STL9 | (1'€z¥'98T'129T) | (L'8SS°L1¥'8T9T) | €L09°696°1 6'TPL001°6 (6°5€9°156°LTS'D) | (8'958°8T8%€5T) wry MO[] ¥edH
8yl L6yl L6yl 1991 1991 L6yl L6yl 091 091 yeu MO[{ dWN[OA Pmbry
6°0LS V11 LyyL0T] LyyL0T1 ¥°008°S91 7'008°S91 LypL0T] LyyL0T1 6968°6S 1 6968°6S1 /3y UBII[Y BSSB]A

- - - - - - - - - BIUOwy

- L0 L0 - - L0 L0 - - uosIy

L'6S€9 - - ¥'€0T°6 ¥'€0T°6 - - L'SLS'8 L'GL8'8 OCH

- - - - - - - - - <00

- 10 1'0 - - 10 10 - - uasIsYO

- T60EY T60€ Y - - T60EY T60EY - - [EEIIIN

N N Smow%EoM N
A1ddng Josaxdwoy] J0sa1dwoy] umey A1ddng - s Josardwoy] Wy A1ddng SwEN WEang
19)e A\ SUIj00D) 19]00D) ¢ 9%m1g 19)e A\ SUIj00D) 19)e A\ SUI[00D) 1100013 7 9318 19)e A\ SUIj00D) 19)e A\ SUIj00D)
101V 190 93reyosiq IO d3reyosiq

E€I1-SMD 9Tl 1! CLI-AMD CLI-SMO 4! £cl [TT-4MD [TT-SMD A ON weang

c6l



€178°8 1T 6190719 1T 1T 1'C 1'C 8¢l - OTH
- 81888 - 8'188'8 818y 8'18€Y 818y - 0°00Sy uagIsNO
- 8°0SE91 - 8°05€91 8°05€91 8°0SE91 8°05€91 - - udSonIN
- - - - - - - T9L8°9 - Ud50IpIH
€178°8 L'SEV'ST 6190419 L'SEY'ST L'S€6°0C L'$€6°0T L'S€6°0C 00689 0°00S"t y/210usy MO[ IE[ON
00°SL 060 00 060 001 or't 000 0S'T 060 3 /3y UBUENQ,
00 1T 91°SSY 00°0¢ 00008 00008 L¥'8T1 00°S€ 00008 007008 o) nyng
- 00001 - 00001 00001 0000'T 00001 00001 00001 den 1syerg
- 2000°0 - 2000°0 €000°0 €000°0 €000°0 - - (z0D) [ow 1syer]
- LLOO'0 - LLOO0 £€600°0 £600°0 £€600°0 - - (u0B1v) [our Isyer]
00001 10000 00001 1000°0 10000 10000 1000°0 02000 - (OTH) 10w Isyel]
- T6¥E0 - T6E°0 €602°0 £607°0 €607°0 - 00001 (UaSISYO) [oW ISYEL]
- 87190 - 8TH9°0 018L°0 018L°0 018L°0 - - (uaonIN) jow Isye1]
- - - - - - - 08660 - (U250IpIH) [OW ISYeL]
19yEOYRIg BIepQ) (101807014 ued dd DHd0S npoid (1sye0y (15780
mag . 1IN0 MS ueSuap Isyeay | 19pnQO) DHOS 20 Surxiy [1seH) OAOS | [1SeH) DAOS
a 10pNQ erepn
: [1SeH TO SUIXIL | 19[U] eIep() jmun eepn | 19npoid ¢H 1npoid ZO
67 90T %2 S0T €0T 20T 10T 60T 0T )
gHM uep ua3oipry ueyesiued SASAH uedumiyiod 9 uendwe] [oqe,
udgoipry ueyesiued  (q
100 - el €6'1 0T’€ LEO LETT 86'C 0S'L ) 1601 MIN
s €8I¢T 06261 vL6T'E 9'89¢ TYLETT L'€86°C 8'66%'L £8¢r'8 701601 A
('st8°¢€S) L'Th6'SrLy TESSHH69 8PTLOTISTI T66L9TET | SPEOLY6Or |  S98T THLOT 9'¥TT6669C 0 C€TLLLEOE | 60LL9LT'6E | U/id MO[ JeOH
13
[morsdo €o8uIS IN-d | COBMISIN-d | 19%mISTN-d | opuedxgd | suopuo) | o[y ASxoug £0-d 20-d 10-d nup
eIep() UBUBSIWOJ S ASAH ISIouy 29 eSSe]\ BoeION ueSumiyiod ¢ uerdwe  [oqe],
weang A31ouyg
S'T0T'8S6 9'719°628 (SHLO'ESETIST) u/ry MO[] 1BOH
708 $'69 81T Y/ MO oWN[OA Pbry
LYILY9 0°0£0°9S 6'0LS V1T /3y UBIIY BSSE]N
(paeay) 1eA1g Suiding wnjoy STy Teeng
J91U] 9 UASoNIN Jnun udSonIN I0Je A\ SuI1j00)
LT1 8C1 EII-UMD ) ON weang

€61




¢

(0'8¥8°L19°06ST) | (F'61£°50L°89% 1) | (0'848°L19°06S°T) | (L'8L09ST Erb) | (L'9T6°ELLEE0T) | (L'9TE'ELL'EE0TT) | 6'8LST8Y'LOT | (T'08Y°6¥9°080°T) | (8'9TL T6£89€T) wry MO 1B9H
9Tl 9Tl 9pTI L¥€ €651 €651 L'861 €651 €651 y/gu MO[f dwnjoA pmbr
SELEVTI SELEYTI SELEVTI TIS9bE L¥T0°6ST L¥T0°6ST LOTTYI L¥20°651 L'+70°651 y/5y UBIIY ESSEN

- - - - - - - - - 700

- - - - - - - - - uodry

8°€069 87€069 876069 SET6'T €LT8'8 €LT8°8 €l €178°8 €L78°8 OTH

- - - - - - - - - uagdisyQ

- - - - - - - - - uaSonIN

- - - - - - T9L8°9 - - Ud30IpTH
876069 876069 8°€069 SET6'1 £L78°8 £L78°8 00689 €188 €'LT8°8 y/2]0uL5Yy MO[] JE[O
00°S 00°S 069 069 069 069 0ST 069 069 3 /3y UBUEYOL,
vE'95¢ 007008 00°06¢€ 00°06€ 00°06€ 00°06€ 11°9L8 00°59C v6'07C D nyng
0000'T 0000'T 0000'T 0000'T 0000'T 0000'T 00001 0000'T - den 1sye1]
- - - - - - - - - (Z0D) 10w 1831
- - - - - - - - - (uo3ry) [ouwr 1sye1y
0000'T 0000'T 0000'T 0000'T 0000'T 0000'T 0200°0 0000'T 0000'T (OTH) Tow 1syer]
- - - - - - - - - (ueBIS]O) [ou IS)eL]
- - - - - - - - - (uoSon1N) [ow 1sye1]
- - - - - - 08660 - - (U250IpTH) [OW ISYEL]

I9)edH ~ )
wesys joqup wegg | Pood IV OHOS Dd0S wosAg wea)s | InQ Iojeoyradng wea)g oy 10jeredog 7H T-IHM 1-gHM Y
9€T LET €T veT €€ (44 0I¢C €T 0¢€C 1076
gHAM uep ud3oIpry ueyesiudd SASAH ueSumiyiod , uendwe] [9qe],

(8°9TL16€89€°D) [ 1108°L00°T€E | (€601 VLS VISSLT) | L'LP0O°0SLBI9 | 8089°CTISOS | SYE6TIS09 | +¥TCTS6T | vTEIBSEHST | 699€°9T9°€11 wry MO[] JeOH
€651 6'€C8 L¥80°T1 6'€8 €169 €169 €169 L'861 9971 y/gul MO[{ dunjoA pmbr
L¥20°6ST T'SPE0SL L'L8ETI0TT ['SPE0SL 1'S7€909 1'S¥£°909 1'S7€909 LOTTYI 0°000°tF1 y/5y UEIIY ESSEN

- €9 - €9 €9 €9 €9 - - 700

- L¥61 - L'v61 L't61 L'¥61 L'¥61 - - uogIy

10489581 elepn) (10129021 S D40S Anpoid (1sxeay (1sxeay
mag e, »ENO MS UESUop ISYedy | 3PNO) OFO0S TOSuUNIN | [ISeH) OHOS | I1seH) DHOS
iictel 19[INQ BIEPN
[1seH 7O SuIxin J9[U[ BIRp) ynun eiepn jonpoid gH 10npoId 7O
6CC 90¢C 844 S0T €0¢ 20T 10T 60T 0T Jup)

v6l




0000’ _ - [ 00001 ] - - _ 0000'T 7 0000'T _ - _ 0000'T _ den 1sye1d |
- - - - - - - - - (z0D) 10w 1seL]
- - - - - - - - - (uo31y) [owr 1syeI]
02000 66660 0200°0 0000°I 00001 02000 02000 66660 02000 (OTH) [ow Isyer]
- - - - - - - - - (uaB1syQ) [ow 1SRl
- - - - - - - - - (uoSonIN) [ow 1syeI]
08660 1000°0 08660 - - 08660 08660 1000°0 08660 (u230IpIH) [our 1syel
ZH Josaidwioy ¢ | | 93e1§ J10jeIedog 1 o5E18 uwnoy A1ddng ! ZH Josardwioy | | joquf J0jeredog ZH Josaidwoy]
R AINERA 1 p (g | urel ¢H 1ojexedog I9je A\ SUrj00D) I91e A\ SUIj00) 98e)s Jaj000103u] 93eys a81eyOsIq urelq gH uonong oY gH
: : RANO CH : : PRNO CH : : :
61¢C 81¢C LIE 102-d4MD 102-SMD 91¢ Sic ¥1¢ €lc )
gHAM uep uddoIpry ueyesiudd SASAH ueSumiyiod ¢ uendwe] [oqe],
T'1L9°88S (L'795°809°9T€SLT) | L'068°066CT | (L'TO0°S09°60¥" SLT) [ 6 LLL'LSS'SOT [ (8 TSTEPTOLTT) | L'0€E°L86°SOT | (8°TS0°890°TLTT) | (€°€TS880°L6Y T) iy MO[] ¥edH
L'861 LYS0°T1 6°€C8 LYS0°T1 L'861 896 6°¢C8 896 896 Yeu MO[] dwnjoA pmbr
LOTT'YI L'L8ETIOTT 1'SYE0SL L'L8ETIOTT L0111 €€19°96 1'SPE0SL €€19°96 €€19°96 Y/3y UBIIY eSSe]\
- - €9 - - - €9 - - 0D
- - L'v61 - - - L'v61 - - uosIy
8¢l 6'190°719 |4 6'190°719 8¢l 6'79€°S |4 6'79€°S 6'79€°S OCH
- - 81888 - - - 81888 - - udFISNO
- - 805€91 - - - 805€91 - - ud50NIN
T9L8°9 - - - T9L8°9 - - - - Ud30IpTH
0'068°9 6'190719 L'SEV'ST 6'190°719 0'068°9 6'79€°S L'SEV'ST 6'T9€°S 6'79€°S y/2]0uSYy MO[] Te[ON
05T 00y 060 00y 05T 00°S 060 00°S 00°S & quio/3y uBueyo |,
00y SI've 00°'Ly 0T'Ce 6L°99S 00081 00°0L1 00°0L1 00°SIT 0 nyng
00001 - 00001 - 00001 0000°1 00001 00001 - den 1syer]
- - 7000°0 - - - 2000°0 - - (z0D) 10w ISR
- - LLOOO - - - LLOO'O - - (uo31y) [ow 1syeL]
02000 00001 1000°0 00001 0200°0 0000°L 1000°0 00001 0000°1 (OTH) 10w Isyer]
- - T6vE0 - - - T6¥€°0 - - (UaBISYO) [OW ISYeL]
- - 8T¥9°0 - - - 82¥9°0 - - (udB0IN) [ow Isyel]
08660 - - - 08660 - - - - (U230IPTH) [ou ISYEL]
JIoyeredas [[e3nO o 1[N0 JIojsoune JopN0 wmy
Jo1uL TH 101eMm SUI[00D) A JUSA 2O I0Je A\ Surj00) 1R1000 19[UI TH | 19PBoH WeelS d'T 03 JU9A 2O o paod trwied
[4¢4 1444 80¢C 1344 11¢ 0¥c L0T 6€C 8€¢C nup)

Sol

gHAM uep uddoIpry ueyesiudd SASAH ueSumiyiod g uendwe] [9qe],



- - - - - - - - - <00
- - - - - - - - - uodry
9°G19°C1 9°S19°¢1 8¢l 8¢l - 8¢l TSSY9T TSSY9T 8¢l OCH
- - - - - - - - - uagdIsyQ
- - - - - - - - - uaSonIN
- - T'9L8°9 T9L8°9 - T9L89 - - T9L89 Ud30IpTH
9°G19°G1 9'S19°G1 0°068°9 0'068°9 - 0°068°9 TSSY9T TSSH'9T 0°068°9 y/2]0U3Yy MO[] TB[O]N
00°¢ 0S¥y 00'9C 009C 0091 0091 00°¢ 0S'v 0091 5 quo/3y uBuey9
00y 00°¢€ 00°St 12901 00°St 00°St 00t 00°¢€ 00°Sy 0 nyng
- - 0000°1 0000°1 - 0000°1 - - 0000°1 den 1syer]
- - - - - - - - - (z0D) 10w ISR
- - - - - - - - - (uo3ry) [ouwr 1sye1y
0000°1 0000°1 0200°0 02000 66660 0200°0 0000°1 0000°1 02000 (OTH) 10w Isyer]
- - - - - - - - - (uaB1sy Q) [owr 1syeI]
- - - - - - - - - (ueSomIN) [ow 15ye1]
- - 08660 08660 1000°0 08660 - - 08660 (U030IpTH) [oW ISYEL]
wnoy A1ddng 19[009 ZH 1osaxdwoy ¢ 4 7 93e)g Jojeredag wnjoy A1ddng ¢ 28e1s
I9Je A\ SUT[00D) I\ Surjoo) | RyeIepnQ ¢H | 99e1s 93reyosiq o8w)S Jojeredag R[INO TH I9je A\ SUIj00D) I9Je A\ SUI1j00D) 1or00013U]
: : : uteld ¢H : : PANO CH
€0C-AMD €0C-SMD ¥ee €CC (444 Ice 20T dMD 20T-SMD 0ce Jup)
GHA uep ueSoIpry ueyesiuod SASAH ueSumiyiog (] uendweT [oqe],
$'19€°880°1¢C - 6°€09°88S (8°78T°081+40€8) | (9°0LS'TLL9TE]) 6'€09°88S 9'168°6L1°€T - T1L9°88S wry MO[] JeOH
L'861 - L3861 £'9¢S £9CS L'861 L'861 - L'861 Yeu MO[f dwnjoA pmbr
LOTTYI - LOTT'YI €TST'STS €TSTSTS LO1TYI LOTT'pI - LOITY] /3y UBIIY BSSEIN
- - - - - - - - - <00
- - - - - - - - - uoSry
8¢l - 8¢l T9ST1°6T T9ST1°6T 8¢l 8¢l - 8¢l OCH
- - - - - - - - - [ETTe)
- - - - - - - - - UagonIN
T9L8°9 - T'9L8°9 - - T9L8°9 T9L8°9 - T9L8°9 ud50IpTH
0°068°9 - 0°068°9 T9S1°6C T9S1°6¢ 00689 0°068°9 - 0°068°9 y/2]0U3Yy MO[] TB[O]N
0091 00°L 00'L 00°¢ 0S¥y 00°L 00°L 05T 05T & quo/3y uBueys
L8yl 00°S¥ 00°St 00°¢t 00°¢€ 00°Sy €v'6S1 00°S¥ 00°Sy 0 nyng
ZH Josardwioy ¢ | | 93e1§ J0jeIRdog 1 95818 oy A1ddng ! ZH Josardwioy | | joquy J0jeIRdog TH Josaidwoy]
a3e)g oS1eyosiq urelq ¢H 1opexedag 19Je A\ SuIj00) I9je M\ SUIj00) SR E N 93eys aZ1eyosiq urel(q ¢ uonong oY ¢H
) ) RANO CH : : RINO TH ) ) )
61¢C 81¢C LT 102-d4MD 102-SMD 91¢ Sic y1¢ €1T nu)

961




- 6'0vS°€6S - 6'0vS°€6S ury MO[] JBdH
- L'861 - L'861 Y/cu MO[ ] dwn[oA pmbry
- LOTT¥I - LOTT1 y/5y UBIY BSSE]N

- - - - 0D

- - - - uodry

- 8¢l - 8¢l OCH

- - - - udgIsyQ

- - - - UoS0NIN

- T9L8%9 - T9L8°9 uagoIpIH
- 0'068°9 - 0'068°9 y/aj0uLsy A0 Te[ON
009¢C 009C 009¢C 00'9¢ 5 zuio/5y ueueyo [,
00°St 00°Sy 00°Sy 00°St 0 nyng
0000°T 00001 - 00001 den 1s3e1]
- - - - (Z0D) 10w 183RL]
- - - - (uo3ry) [our 1sye1y
0200°0 0200°0 66660 02000 (OTH) Tow Isyer]
- - - - (UaBISyQ) [our Isyer]
- - - - (uoSonIN) [ow I1sye1]
0866°0 0866°0 1000°0 08660 (uoSoIpIH) [our ISYeL]

SHM uep udS0IpIH ueyesiwod SASAH UeSumiyiod [1 ueidwe] [2qeL

(676L°68S L) | (TLEC689°65HH) 6'07S°€6S T'€80°€69°C1 €506°68S (7'8vST68°7€SL) [ (9°0T0T6E°SSSL) €506°68S u/ry MO[] J8eH
6'18C 6'18C L3861 L'861 L'861 9LLY 9LLY L'861 y/su MO[] Swn[oA pmbr
691€18¢ 691€°18C LOTIYT LOTTYI LOTTYI 9°€659LY 9°€659LY LOTTYI y/3y UBII[Y BSSEIN

L61



861

9¢'¢ 69°S 8C'9 98°¢¢ - 05°¢Cl 66°S1 MIN
079¢°c v'¥69°S €6LT9 9'¥98°¢E - 0°€0S°€TI 1'686°S1 M
6'LLT'E0TTT L' €9L°66%°0T €07T16SCT 9'87ST16°1T1 - €9VL 019 Vi 0'0TL°09S°LS wry MOI ¥8OH
£ 4 1 98e)s dwo) TH-d 1oVEoH opeay1adng 19)edyaId ATy 7 ue di-d J1un
a3eyg dwo) ZH-J | 98e)s dwo) 7H-d Dd0S O 0 ’ )

GHA uep uaSoIpry ueyesiuod SASAH ueSumiyiog g1 uendweT [dqeL

weang AS1oug




¢)  Perhitungan Energi SOEC :

Kebutuhan Hidrogen untuk reaktor
= 6890 kmol /jam
6890 kmol/jam x 22.414 Nm3/kmol
154432.68 Nm3/jam
Reaksi Elektrolisis :
2H,O - 2H>+ 02

Dengan konsentrasi Hidrogen produk 99.8% maka diperlukan

Reaksi 2H,0 —  2H> + 02
Mula-mula 6903.81 0 0
Reaksi 6890 6890.0 3445.0
Sisa 13.81 6890.0 3445.0

Sehingga diperlukan umpan Steam sebanyak : 6903.81 kmol/jam

Data Manufaktur SOEC (TOPSOE Datasheet)

Specific Energy : 3.1 kWh / Nm3 H2

Produk yang diharapkan H2 (Kebutuhan H2 untuk reaksi Amonia) : 154432.68
Nm3/jam

Efisiensi : 99% (Desain)

Kebutuhan Energi = Specific Energy x Produk H2 / Efisiensi
3.1 x 154432.68 / 0.99

482413.84 kW 3600

1737689818.7 kJ/jam
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B. Perhitungan Spesifikasi Alat
SOEC (Elektrolisis air)

Perhitungan kebutuhan elektrolyzer modul, menggunakan datasheet dari

manufacturer yaitu Haldor Topsoe :

Get in touch today
Visit topsoe com/contact for progect-
specific consumption figures and quotes

Technical data H, SOEC 100 MW SOEC 32,000 Nm*/h

Core capacity

Sehingga didapat perhitungan :

Specific Energy 3.1 kWh / Nm3 H2
Product Hidrogen 6890 Kmol/jam
154,432  Nm3/jam
Efficiency 99%
Power Consumption 482,413.84 kW
Individual Stack Production 100,000.0 kW
Jumlah Stack 5.0 Set

209



210

Spare 1.0 Set

Total 6.0 Set

Luas lahan per Stack 100 MW 8,400.0 m2

Total Luas lahan 50,400.0 m2

Hidrogen Untuk Fuel 871 kmol / jam
19,530 Nm3 /jam

Power 60,542.92 kW

Jumlah Stack 1.0 Set

Spare 1.0 Set

Total 2.0 Set

Luas lahan per Stack 100 MW 8,400.0 m2

Total Luas lahan 16,800.0 m?2

Total Luas Lahan SOEC 67,200.0 m2

Total Stack 8.0 Set

2. Tangki Amonia

Menghitung produksi NH3
Desain pengapalan : 15 Hari sekali
Menentukan Massa Jenis NH3 pada suhu penyimpanan : -33 °C
p = 0.682 kg/m® (Carl L, Yaws, 1999)
Produk 600000 Ton / Tahun
= 1818.2 Ton / Hari

Allowance =10%

Volume Tangki = BI82x18 11
0.682

43988.3 m*

Menghitung tinggi tangki :
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Tekanan Desain = 1 atm (101.325 kPa)
Tinggi tangki didapat :
I4

H = —
p-g

101.325
0.682 x 9.81

= 15.145m
Dengan menggunakan rumus V = %’TCDZH

Diameter Tangki (D) = 60.83 m dan R =30.42 m
=30420 mm

Menghitung ketebalan plat tangki (API 650)

Tinggi plat standar 2.4 m

Desain CA (Corrosion allowance) = 1.7 mm

Material yang dipilih : SA-516 Gr.70 (Carbon Steel)
Stress allowable, S = 140

Efisiensi sambungan las = 0.85 (parsial Radiografi test)

PxR
SxE

0.101325 x 30.42
140 x 0.85

= 0.0259 m
= 259 mm
Total tebal plat No. 1 =25.9 + 1.7 =27.6 mm

Tl =

Dengan perhitungan yang sama didapat sesuai tabel berikut :

Plat no
(Bawah ke | Tinggi Tekanar} Tebal Plat CA Total .Te.bal
Atas) hidrostatic Plat minimal
1 15.14 101,325.0 25.90 1.70 27.60
2 12.74 85,268.0 21.79 1.70 23.49
3 10.34 69,211.0 17.69 1.70 19.39
4 7.94 53,154.0 13.59 1.70 15.29
5 5.54 37,097.0 9.48 1.70 11.18
6 3.14 21,040.0 5.38 1.70 7.08
7 0.74 4,983.0 1.27 1.70 2.97
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Menghitung beban penguapan di tangki:

Data :

Suhu Desain tangki = -33 °C

Suhu ambient = 35 °C

maka DT =68 K

Kalor laten penguapan NH3 = 1370 kJ/kg

Konduktivitas insulator perlit (tebal, d = 0.6 m), A = 0.035 W/(m.K) (sumber
Engineering Toolbox)

Luas permukaan tangki secara keseluruhan :
- Luas Tangki sisi samping dan bawah = 3.14 x D x (D + H)

3.14 x 60.83 (60.83 + 15.145)
14510.7 m2

3.14 x R?

3.14 x 30.422

2906.1 m2
17416.8 m2

1.1x

AAAT
— 11x = 6.8 x 68

- Luas atap

- Total luas permukaan tangki

Laju Penguapan tangki (margin 10%)

= 759953 W

Q Total

Konversi laju BOG =
HVap

75995.3
1370

= 0.05547 kg/s
= 199.7 kg/jam

Deaerator

Kondisi desain

Feed Umpan = 221,071.1 kg/h
Steam Inlet = 38,600.9  kg/h
Total BFW Out = 255,684.6 kg/h

= 71.024 Kg/s
Total Vent = 39873 kg/h

Tekanan Operasi = 1.7 atm
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= 0.1723 MPa
Tekanan Desain = 3.0 atm

= 03040 MPa

Holdup time design = 15 menit

= 900 S
Massa Jenis air pada P,T = (Steam table)
Desain 950 Kg/m3

Flow rate x Hold time

Volume liquid, Vi

Density

71.024 (“2)x 900(s)

950 (1)

67.29 m3

Asumsi : Level liquid adalah 80%, maka total volume menjadi

6729 (m3)
0.8

84.11 m3

Sehingga volume uap = 16.82 m3

Asumsi L/D =3.5,dengan |/ — % ¥ Lidan L =3.5D

Diameter vessel, ID = 3.13m 2> R=1.565m
Panjang Vessel T-T = 10.96 m

Tebal Shell (menggunakan standar ASME VIII Div.l : ¢ Gl

=SE_oep " ¢4

P.-K-D
Dan Head 2:1 ellipsoidal : *= 555 op ~ ¢4 K =090

Material yang di pilih : SA=516 Gr.70 (Carbon steel) dengan S= 138 MPa dan
E (Join effisiensi) = 0.85 (Parsial radiografi test).

CA (Corrosion allowance) =3 mm, maka :
PXxR
S.E—0.6.P
0.3040 x 1.565
= + 0.003
138 x 0.85 —0.6 X 0.3040
0.47566

= +0.003
117.1176

= 0.00706 m
= 7.06 mm

tshell = + CA
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PxKxD
2S.E-0.2.P

_ 0.3040 x 0.90 x 3.13 +0.003

2x138x0.85-0.2 x 0,3040

+ CA

tHead

0.8564

= ——+0.003
234.539

= 0.00665 m
= 6.65 mm
Tebal plat yang dipilih : 8 mm, sehingga MAWP nya :

SEt
R+0.6t

MAWP =

138 x 0.85 x 0.008
1.565+0.6x0.008

= 0.5978 MPa
= 5.9 Atm
p 10.96 m y
Deaerator, 2
201-D 5
L
Pressure Vessel (Bejana bertekanan)
a) Separator Hidrogen inlet Kompresor H2, 204-D
Pressure Vessel Design Calculation
(Sumber ASME VIII Div. 1)
Laju alir = 14,110.71 kg/Jam= 3.92 kg/s
Tekanan Operasi = 2.50 kg/cm2G
= 0.25 MPa Gauge
= 0.35 MPa
Tekanan Desain = 3.75 kg/cm2G
= 0.37 MPa Gauge
= 0.47 MPa
Suhu Operasi = 45.00 oC
Suhu Desain = 80.00 oC

= 353.15 K
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Komposisi BM
H2 0.9980 2.01
H20 0.0020 0.04
Total 1.0000 2.05

Mol campuran = 2.05 g/mol

=0.00205 kg/mol
Asumsi faktor kompresibilitas, Z = 1
Densitas, p = pxM

ZRT

0.47 x 0.00205
1x8.314 x 353.15

3.2716 kg/m3

Densitas Liquid = 971.76 kg/m3 (Steam tabel)
Maksimal fraksi vapor = 0.9980

Maka laju alir massa cairan = 0.002 x 14110.71
= 28.22 kg/jam
=0.0078 kg/s

Batas kecepatan Gas di (Sounders — Brown)

=
[y — . ..
Vimaks = J§ - ’u ; Koefisien empiris, K =0.25 m/s (dengan
\"I Po demister)

0.25x ,/(971.76 — 3.2716)/3.2716

= 4301 m/s
Margin Luas penampang ntuk mendapatkan L/D mendekati 2 = 112%
Ag _ 'FH‘”
Py ™ Vinax
_ 3.92
3.2716 x 4.301
= 0.59 m2

Diameter internal vessel:
= 0.867 m

Volume total = Volume liquid + Volume gas
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Asumsi waktu tinggal cairan = 5 menit (300 detik)

Laju alir x waktu tinggal

Volume liquid = ;
Density

_0.0078 x 300
971.76

=0.0024 m3
Dengan menggunakan formula yang sama, untuk bejana bertekanan (pressure

vessel) dapat di lihat pada tabel
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5. Reaktor Amonia

Komposisi gas inlet dan outlet dari neraca massa didapat :

Fraksi Mol BM Campuran

Komponen | Satuan

Inlet Outlet Inlet Outlet
H2 fraksi mol 0.7346 0.5681 1.481 1.145
N2 fraksi mol 0.2553 0.2020 7.151 5.660
Ar fraksi mol 0.0002 0.0002 0.008 0.010
NH3 fraksi mol 0.0099 0.2297 0.169 3.911

Total 1.0000 1.0000 8.8091 10.7258

Total BM Campuran inlet 8.8091 gram/mol
0.0088 kg/mol

Total BM Campuran Outlet 10.7258 gram/mol
0.0107 kg/mol

Inlet Outlet
Total aliran kmol/jam  25124.8 20635.1
kg/jam 221329.1 221326.9
kg/s 61.48 61.48
Tekanan Operasi kg/cm2G 155.00 155.00
MPa 15.30 15.30
Tekanan Desain MPa 19.89 19.89
Suhu Operasi oC 170.00 490.16
K 443.15 763.31
Suhu Desain oC 570.16 570.16
K 843.31 843.31

Konversi :
DN; = Mol N; in — Mol N> Out
= (fraksi mol Nz in x Flow in) — (fraksi mol N> out x Flow out)
= (0.2553 x 25124.8) — (0.2020 x 20635.1)
= 224484  kmol/jam
DNHj3; dihasilkan = Mol NH3 out — Mol NH3 in
= (fraksi mol NH;3 out x Flow out) — (fraksi mol NH3 in x Flow in)

221



222

(0.2297 x 20635.1) — (0.0099 x 25124.8)
4489.68 kmol /jam

( Total mol N2 outlet
Total mol N2 Inlet

Konversi Reaktor ) x 100%

0.2020 x 20635.1

= (- 0.2553X25124.8) x 100%

_ ( B 4168.29)x100%
6414.36

~ 35.02%

Pada tabel 8.3 Catalyst handbook M.V. Twigg didapat laju reaksi adalah :

Table 8.3. Variation of synthesis rates with catalyst granule size

Normal size range/mm Rate/kmol N> h™ m™ of catalyst
0.6-1.2 300
345 112
-9 61

Sehingga dengan ukuran granular katalis antara 6 — 9 mm, r = 61 kmol

Ny/jam/m? katalis, sehingga volume reaktor :

__ jumlah selisih NH3
B rate reaksi
4489.68
61

73.60 m’
+ Margin 10% = 80.96 m?

Vkatalis

Vessel diameter (rujukan M. V. Twigg adalah 2.0 — 3.5 m dengan tinggi Bed
2 — 5 m/ level sebagai best praktis di industri)
Diameter = 2.75 m (R = 1.375 m), luas penampang :

A = 025zD?
= 0.25x3.14x2.75
= 5937m’
Tinggi Bed = %
_ 8096
5.937
= 13.64m

Tinggi masing-masing bed (dengan 3 bed reaktor) =4.55 m
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Dimensi reaktor

Dengan P, T desain material yang cocok (ASME VIII div. 1) adalah Incoloy
800H (untuk Suhu tinggi) dan dari tabel ASME Sec II, Part D, Subpart 3
didapat Stress allowable, S = 108 MPa

Efisiensi welding (100% RT) =1

Corrosion allowance (CA) =3 mm = 0.003 m

= —— 4 CA
S.E—-0.6P

_ 19.89 x 1.375 +0.003

108x1 —0.6x19.89

= 2224 0.003

96.066

= (0.2876 m
= 287.6 mm

tyessel

P.K.D

2S.E-0.2P
19.89 x 0.90 x 2.75
= + 0.003
2x108x1-0.2x19.89
49.22

= + 0.003

212.022

= 02351 m
= 235.1 mm

+ CA;K=0.90

thead 2:1 ellipsoidal

Heat Exchanger
(https://drive.google.com/drive/folders/1dWUuAzQFINjzuZRHOUya0ZC-
TbEF1Y41?usp=sharing)

Spesifikasi / desain dari penukar panas (Heat exchanger) akan menggunakan
software HTRI Suite 9.0 dimana tahapan awal adalah sebagai berikut :
a. Penentuan HE yang akan di desain yaitu :
Peralatan utama untuk heat exchanger dalam proses amonia hijau adalah:
e  Waste Heat Boiler (WHB), 201-C
e Hidrogen product Cooler, 204-C1
e  Oksigen produk Cooler, 204-C2
e Feed Heater, 301-C
e  BFW Heater. 302-C
e Syngas Cooler, 303-C
e Syngas Chiller, 304-C
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Input data di HTRI
Data komposisi material dari masing-masing aliran akan mengikuti
komposisi sesai dengan neraca massa pada PFED di BAB 1V.

- Menu

|:—_'_:--- Input Summary

:_-'_i--ﬁ. Process Conditions

------ |,n£'[ Hot Fluid Properties

...... |y Cold Fluid Properties
§|---m Geometry

:'_-_:l];].‘!ﬂ] Exchanger

------ L Construction Data
o % Lining Materials
-0 Reboiler

------ E Tubes

=-T)1 Baffies

=l

----- E Supports
------ E Variable Spacing

------ I— Longitudinal Baffle

:j_}-m Mozzles

- Mozzle Location

....... A Impingement
:':':-- Tube Layout

Lol Bundle Clearances

L
—
™
[+
=]
=
[
L=k

+|-9k* User Methods
----- wﬁ Vibration

------ %4 Shells-in-Series
------ fif* Convergence
------ MName

----- | "3 Input Notifications
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Input komposisi Fluida (Hot & Cold side)

Property option  Property generator

Fluid name Reactor Outlet

Composition Conditions Review Properties Graphs Advanced

| Use "Property Generator" to generate property tables during input or at runtime

Package:  HYSYS ~ | Package Options Setup Package
Filter Options
By By fc I d CASN
Methane CH4 74-82-8 @oyrame @ty formuiaan
c1 | (O Match prefix (] Match whole string
Ethane C2H6 74-84-0
2 Composition Basis
Propane C3HB 74-95-6
Moles
o o
i-Butane C4H10 75-28-5 () Mass
i-C4
n-Butane C4H10 106-97-8
n-C4
i-Pentane C5H12 78-78-4
HES Add Delete Order.
Bank Name Info. User Name Quantity Fraction
1 Hydrogen Hydrogen 117219 05681
2 | Nitrogen Nitrogen 4169 0.202
3 |Argon Argen 51 24715e-4
4 Ammonia | Ammonia 47392 02297
5
6
7
8
9
10
Tatal Malas 20635.2

Input Conditions

Property option Property generator

Fluid name Reactor Outlet

~ | Use "Property Generator” to generate property tables during input or at runtime

Composition Conditions Review Properties

Graphs Advanced

Point option

Defined P and T ranges

P Increment method | Equal Enthalpy ~

Property Grid Conditions

Vapor fraction/

Pressure kgfiem2G =~ ----- Thermal Conditions ----- enthalpy basis Mole
Starting 154.5 Temperature v | 49016 C Pressure sets Auto v
Ending 154 Temperature v 36484 C Temperature points ~ Auto v

Min. 2-phase points ~ Auto v~

Runtime Property Generation

Generate

If assaciated input changes

» [:] Regenerate properties on next run

These options control when properties are calculated when the case is run

- Hide More Options

Supercritical Conditions
Critical pressure

Supercritical phase

a Insert bubble point
’ Insert dew point

Liguid ™

a Create 2-phase zones

Generate Properties

kagf/fem2G

D Generate latent heat

’ Adjust calculated points




Memilih geometri dari HE (Shell)

Shell Geometry

TEMA type E VM
oD 1083.35 mm
D 950 mm
Orientation Harizontal v
Tube Geometry
Type Plain
Tube OD 254 ) | e
Pitch 38.1 mm

Exchanger Construction Data Lining Materials

Materials of Construction and Gaskets

™~ Wall thickness

Layou

Baffle Geometry

Type Rods

Orier

m

Spacing

0.559

t angle 90

Tubepasses 1

Tubecount

316 Stainless steel (17 Cr, 12 Ni)

Shell

Tube 9 CR-1/2 MO
Channel or bonnet 9 CR-1/2 MO
Tubesheet-stationary 9 CR-1/2 MO

Baffles

Shellside gasket

Carbon-moly steel (0.1 C, 0.5 Mo)

Mach. Mtl. (Kammprofile\Flex. Face)

Tubeside gasket

Mach. Mtl. (Kammprofile\Flex. Face)

E head o

Design Information

226

mm

~ | mm

™~ degrees

N

~

R

W

A

Shellside Tubeside
MNaone ~ | None ~
100% 2. 100% St
R W
TEMA 2.4

D Double tubesheet

Shellside Tubeside
Design pressure 170.846 170.143 kgffem2G  Full vacuum design
Design temperature 200 520 C Radiography
Corrosion allowance 1.5 it mm TEMA class
Tubesheet allowable stress MPa Exchanger style
Tubesheet design temp. 520 C
Geometry Data
oD D Thickness

Shell 1083.35 950 66.675 mim

Front head 11024 950 76.2 mm

Rear head 11024 950 76.2 mm
Tubesheets

mm

s Shell expansion joint
D Suppress mechanical design

a Include setting plan drawing
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Exchanger Construction Data Lining Materials

Lining Materials

Shell e
Tubesheet (tubeside) N
Tubesheet (shelllside) i
Channel e
Floating head cover fuct

Tube Geometri

Tube Geometry

Type Plain {5 Tube Pitch
i 38.1

Tube internals None w Fitch il
Tube OD | 254 i Ratio 15 v |
Average wall thickness | 0.559 s | w | MM
Bundle Geometry

Tube layout angle 90 ~  degrees Tubecount

Tubepasses 1 e s Rigorous tubecount

Length 4.877 ~ | 'm
Tube Material

Material 9 CR-1/2 MO v

Thermal conductivity W/m-K Density kg/m3

Elastic modulus MPa

Tapered Tubes for Reflux Condensation

Taper angle deg

Tube/Tubesheet joint Expanded (2 grooves) v



Baffle
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Baffles Supports Variable Spacing Longitudinal Baffle

Baffle Geometry
Type

Cut orientation
Crosspasses

Baffle Spacing
Central 300 mm
Variable

Miscellaneous
Double-seq. overlap
Double-seg. central baffle at inlet
Thickness
Thickness at tube hole
Windows cut from baffles
Distance from tangent to last baffle
Rho-W2 for NTIW cut design
Central pipe OD

Helical baffle crossing fraction

Use deresonating baffles No

Cut

Window area percent

Inlet spacing mm

Outlet spacing mm

mm

mm

kg/m-s2

mm

Baffles Supports Variable Spacing Longitudinal Baffle

General Supports

Floating head support plate
Full support at U-bend
Support distance to floating head

Support plates / baffle space

Vibration Supports

U-bend supports

Inlet/Cutlet Vibration Supports

Include inlet vibration support

Include outlet vibration support

mm

mim
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Nozzles MNozzle Location [mpingement
Shellside Nozzles
Inlet Outlet Liquid Outlet
Radial position on shell | Bottom ~ | Opposite side ~
Longitudinal position of inlet Rear head v
Location of nozzle at U-bend
Projection mm
Tubeside Positions
Position on head |Rear head v
Orientation Audal ~ modal w
Location of front head i_lEﬂ v |

Projection L
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Nozzles Nozzle Location Impingement

Impingement Device

Impingement type Circular plate v

Rho-W2 for impingement | kg/m-s2

Plate/nozzle diameter 1.1 plate diameter/nozzle diameter ratio
Plate thickness 9.525 mm

Device height above tubes 3.175 mm

Rangkuman data input di HTRI adalah seperti pada tabel berikut
Adapun data input seperti tercantum dalam tabel dibawah ini:
Hasil simulasi HTRI adalah sebagai berikut :
e  Waste Heat Boiler (WHB), 201-C
WHB digunakan untuk memanfaatkan panas dari hasil reaksi
elektrolisis dimana terdiri dari 4 bagian yaitu :
> Pemanfaatan panas yang berasal dari produk Oksigen dan
Hidrogen di SOEC yang menghasilkan Medium Pressure
steam dengan tekanan 46.9 kg/cm2G dan Suhu 390 oC (201-
CI1, 201-C2).



201-C1 :
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Output Summary

Released to the following company:

Tugas Akhir

Page 1

Xist 9 (32 bit) 24-Dec-25 22:00 SN: 46639-

Waste Heat Boiler (MP Steam - O2 side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Customs Units

See Data Check Messages Report for Warning Messages.
See Runtime Message Report for Warning Messages.

Process Conditions Hot Shellside Cold Tubeside
Fluid name 02 Produk SOEC BFW inlet
Total flow rate (kg/hr) ¥ 750345 r 159025
Inlet/Outlet Y (Wt. frac vap.) T 0000 1.0000 70.0000 1.0000
Inlet/Outlet T (Deg C) £00.00 455.17 7240.94 265.00
Inlet P/Avg (kef/em2G) ¥0.900 0.736 746.900 46.851
dP/Allow. (kgf/cm2) 70.329 0.500 ¥ 0.099 0.500
Fouling (m2-K/W) 0.000100 0.000100
Exchanger Performance
Shell h (W/m2-K) 513.64 | ActualU Wm2K) 7 138.91
Tube h (W/m2-K) 53771 | Required U Wm2K) 7 125.37
Hot regime () Sens. Gas | Total duty (MM klJ/hr) r 287.91
Cold regime (--) Tran | Eff. area (m2) r 1872.7
EMTD (Deg C) "340.7 | Overdesign @) 7 10.80
Shell Geometry Baffle Geometry

TEMA type (-) BEM | Baffle type None
Shell ID (mm) 5600.0 | Baffle cut (Pct Dia.)

Series (--) ¥ 1| Baffle orientation (--)

Parallel (--) " 1| Central spacing (mm) " 4267.0
Orientation (deg) ¥ 0.00 Crosspasses (--) d 1
Tube Geometry Nozzles
Tube type (=) Plain | Shell inlet (mm) 3240.0
Tube OD (mm) 55.400 | Shell outlet (mm) " 3240.0
Length (m) 78.534 | Inlet height (mm) " 568.10
Pitch ratio ) 15000 | Outlet height (mm) 606.20
Layout (deg) " 90 | Tube inlet (mm) 154.05
Tubecount (--) 75500 | Tube outlet (mm) r 304.80

Tube Pass (--) "o
Thermal Resistance, % Velocities, m/s Flow Fractions
Shell ¥ 65.02 Min Max A
Tube ¥ 30.22 |Tubeside "324e2" LI2 B r 0.989
Fouling ¥ 3.17 |Crossflow - - C r 0.011
Metal ¥ 159 |Longitudinal " 36.87"7 4535 E
F
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Final Results Page 2

Released to the following company:

Tugas Akhir
Xist 9 (32 bit) 24-Dec-25 22:00 SN:46639- Customs Units

Waste Heat Boiler (MP Steam - O2 side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Process Data Hot Shellside Cold Tubeside Shellside Performance
Fluid name 02 Produk SOEC BFW inlet | Nom vel, X-flow/window 0.00/41.99
Fluid condition Sens. Gas Boil. Liquid
Total flow rate (kg/hr) 7750345 7159025 Flow fractions for heat transfer 0.993
Weight fraction vapor, In/Out (--) 7 1.0000 1.0000 " 0.0000 1.0000 B=0.9893 C=0.0107
Temperature, In/Out (DegC)” 800.00 45517 [ 24094 265.00
Skin temperature, Min/Max (Deg C) 7 279.06 62132 [ 26632 607.97 Shellside Heat Transfer Corrections
Wall temperature, Min/Max ~ (Deg C) Y 27534 61742 [ 271.08 612.96
Pressure, In/Average (kgf/em2G) 7 0.900 0736 [ 46.900 46.851 Total Beta Gamma End Fin
Pressure drop, Total/Allowed (keflem2)”  0.329 0500 [ 0.099 0500 |7 0982”7 0920”7 1.067 7 1.000" 1.000
Velocity, Mid/Max allow (n/s) R E] r 0.56 Pressure Drops (Percent of Total)
Mole fraction inert/Boiling rang (Deg C) 0.0000 1.15¢-3 Cross  Window Ends  Nozzle Shell  Tube
Average film coef. (W/m2-K) 7 21364 " ossr |7 000" 84117 917  mlet” 376" 39.52
Heat transfer safety factor () 7 1.0000 " 1.0000 | MOMENTUM 7000 Outlet” 296" 58.82
Fouling resistance (m2-K/W) 7 0.000100 70.000100 Two-Phase Parameters
Overall Performance Data Method Inlet Center Outlet Mix F
Overall coef., Reqd/Clean/Actual wWm2-K)” 12537 /7 14345 /7 13891
Total Duty, Calculated/Specified (MM kl/hr) 728791 / PP/TBR  Subcool Tran Mist
Effective overall temperature difference (Deg C)' 340.7 H. T. Parameters Shell Tube
EMTD = (MTD) * (DELTA) * (F/G/H) (DegC)” 3408 * 709995 * "1.0000 Overall wall correction
Midpoint Prandtl no. " 0.0
\ ] Midpoint Reynolds no. " 21046”7032
See Runtime Messages Report for % Bundle inlet Reynolds no. " o13792" 4758
warnings. Bundle outlet Reynolds no. " 19346”28365
Fouling layer (mm)
Exchanger Fluid Volumes Thermal Resistance, %
[Approximate shellsidi (L) 7 78557 L r% Shell Tube Fouling MetalDver Des
Approximate tubesid(L) 7 77435 ' v 65027 30227 3177 1597 1080
Shell Construction Information Total fouling resistance  (m2-K/W) 7 2.28¢-4
TEMA shell type BEM Shell ID (mm) " 3600.0 | Differential resistance (m2-K/W) 7 7.78¢-4
Shells Series v 1 Parallel 1 Total area (m2) T 37454 Shell Nozzles
Passes Shell 4 1 Tube d Eff. area (m2/shell) " 18727 | Inlet at channel end No
Shell orientation angle (deg) .00
Impingement present No Liquid
Pairs seal strips ) Passlane seal rods (mm) 0.000 No. 0 Inlet Outlet Outlet
Shell expansion joint No Rear head support plate No Number at each position v 17 17 0
Weight estimation Wet/Dry/Bundle T 1425155 / 7 1269234 / 7 165616 (kg/shell) Diameter (mm) 7 3240.07 3240.0
Velocity (m/s) 7 40357 32.96
Pressure drop (kgf/em2) " 0.0127 9.72¢-3
Height under nozzle (mm) 7 568.107  606.20
Baffle Information Nozzle R-V-SQ (keg/m-s2) 7 1020.07 833.28
Type None Baffle cut (% dia) Shell ent. (keg/m-s2) 7 209937 1604.9
(Crosspasses/shellpass v 1 No. (Pct Area) (mm)to C.L
Central spacing (mm)” 4267.0 "1 Inlet Outlet Liquid
Inlet spacing (mm)”  0.000 "2 Tube Nozzle RADIAL RADIAL Outlet
Outlet spacing (mm)”  0.000 Diameter (mm) 7 154.057 304.80
Baffle thickness (mm)”  0.000 Velocity mis) 7 2937 26.84
Use deresonating baffles No Pressure drop (keflem2) 7 0.0397  0.058
Nozzle R-V-SQ (kg/m-s2) 7 694877 16251
Tube Information Annular Distributor Inlet  Outlet
Tube type Plain Tubecount per shell T 5500 Length (mm)
Overall length (m)' 8.534 Pct tubes removed (both) To2114 Height (mm)
[Effective length (m)' 4.267 Outside diameter (mm) 7 25.400 Slot area (mm2)
Total tubesheet (mm)' 4267.0 Wall thickness (mm) T 2769 Diametral Clearances (mm)
Area ratio (oul/in)' 1.2788 Pitch (mm) 38.100 Ratio ” 1.5000 Baffle-to-shell Bundle-to-shell Tube-to-baffle
Tube metal SA-214 Tube (W) K01807 Tube pattern (deg) 4 90 " 1L113 " 18215 " 0.0000
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Supplementary Results Page 3
Released to the following company:
Tugas Akhir
Xist 9 (32 bit) 24-Dec-25 22:00 SN: 46639- Customs Units

Waste Heat Boiler (MP Steam - O2 side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Externally Enhanced Tube Geometry Internally Enhanced Tube Geometry
Type Plain Type None
Fin density  (fin/meter) Thickness (mm)
Fin height (mm) Pitch (L/'D)
Fin thickness (mm)
Root diameter (mm)
Area/length (m2/m)

Mean Metal Temperatures
Mean shell temperature 634.64 ©)
Tubesheet temperature §32.22 ©)
Mean tube metal te mperature in each tubepass, (C)

Tube Pass Inside Outside Radial

! ¥ 40490 510327 407.83
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Stream Properties

Tugas Akhir

Released to the following company:

Page 32

Xist 9 (32 bit) 24-Dec-25 22:00 SN: 46639-

Waste Heat Boiler (MP Steam - O2 side) : 201-C

Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Customs Units

Hot Shellside Fluid Inlet Outlet
Fluid name 02 Produk SOEC
Flow (kg/hr)[ 750345
Temperature (©) ¥ 800.00 ¥o455.17
Pressure (kgf/em2G) ¥ 0.900 Yooo0sT1
Weight fraction vapor (=) ¥ 1.0000 1.0000
Vapor Properties
Flow (kg/hr) ¥ 750345 ¥ 750345
Density (kg/m3) ¥ 0.6265 " 0.7661
Viscosity (cP) " 00522 " 0.0372
Conductivity (W/m-K) " 00715 ¥ 0.0530
Heat capacity (kl/kg-C) ¥ 11404 ¥ 1.0809
Molecular weight () ¥ 29.500 ¥ 29.500
Liquid Properties

Flow (kg/hr) ¥ 0.0000 ¥ 0.0000
Density (kg/m3) " 10557 " 10568
Viscosity (cP) "o5542 ¥ 59059
Conductivity (W/m-K) ¥ 04873 ¥ 04835
Heat capacity (kl/kg-C) ¥ o43917 ¥ 43958
Molecular weight ) ¥ o18.017 ¥ 18016
Latent heat (kJ/kg) ¥ 2363.6 ¥o241238
Surface tension (dyne/cm) ¥ 83563 ¥ 83.855

Molar Composition MW, Vapor Liquid K-Value Vapor Liquid K-Value
(1 Nitrogen " 2801 064287 1.37¢4" 47052 0.6428" 1.25e-4" 51527
(2 Oxygen 73200 034927 2.72e-77 1281720 034927 2.12¢-77 1643652
(3 Argon 73995 0.0076" 13e-117 6.12e+8] 0.0076" 9.le-127 8.42¢+8
4 CO2 " 4401 24847 287e-6" 86.433[ 2.48¢-4"7 2.63e-6" 94.131
(5 H20 " 18.02[ 8.26e-57 099997 8.26e-5 8.26e-57 0.9999" 8.26¢-5

Mass Composition Vapor  Liquid Vapor  Liquid
(1 Nitrogen F 061047 2.12¢-4 " 061047 1.94c-4
(2 Oxygen " 037887 4.84¢-7 " 037887 3.77¢-7
(3 Argon F0.0104" 2.8e-11 F 001047 2.0e-11
(4 CO2 " 3.70e-4"  7.00e-6 F 3.70e-4" 6.43¢-6
(5 H20 7 5.04e-57  0.9998 © 5.04e-57  0.9998
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Stream Properties

Tugas Akhir

Released to the following company:

Page 33

Xist 9 (32 bit) 24-Dec-25 22:00 SN:46639-

Waste Heat Boiler (MP Steam - O2 side) : 201-C

Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Customs Units

Cold Tubeside Fluid Inlet Outlet
Fluid name BFW inlet
Flow (kg/hr)[ 159025
Temperature (©) T 240.94 " 265.00
Pressure (kgf/em2G) ¥ 46.900 " 46.801
Weight fraction vapor (--) " 0.0000 1.0000
Vapor Properties
Flow (kg/hr) ¥ 0.0000 " 159025
Density (kg/m3) "o20.888 o255
Viscosity (cP) ¥ 00179 ¥ 0.0181
Conductivity (W/m-K) " 00527 " 00523
Heat capacity (kl/kg-C) ¥ 2481 " 24780
Molecular weight () ¥ 18015 ¥ 18015
Liquid Properties
Flow (kg/hr) ¥ 159025 ¥ 0.0000
Density (kg/m3) " 808.32 " 780.14
Viscosity (cP) " o.1110 Y 0.1026
Conductivity (W/m-K) ¥ 0.6269 ¥ 0.6019
Heat capacity (kl/kg-C) Fos3mn ¥ 56987
Molecular weight () ¥ 18015 ¥ 18015
Latent heat (kI/kg) ¥ 16884 ¥ o1689.1
Surface tension (dyne/cm) ¥ 28292 Y0348
Molar Composition Vapor Liquid K-Value Vapor Liquid K-Value
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Unit 20-C
Itemno. 201-CL
3240.0 mm TEMA type BEM
Shell ID 3600.0 mm
Actual OTL 3581.8 mm
Height under inlet nozzle 568.10 mm
Height under outlet nozzle 606.20 rmm
Tube type Plain
Tube CD 25400 mm
Tube pitch 38.100 mm
Tube layout angle 90 deg
Tubes 5500
Tube positions available 5474
Tie rods 12
Seal strp pairs 0
Tube Passes 1

TUBEPASS DETAILS
Pass Rows Tubes
1 [ 474

SYMBOL LEGEND

© Tube

& Durrmy Short Tube
& Durrmmy Long Tube
© Flugged Tube

@ Tie Rod

% Seal Rod

& Irpingement Rod

B R

mm
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201-C2 :
Output Summary Page
Released to the following company:
Tugas Akhir
Xist 9 (32 bit) 24-Dec-25 22:01 SN:46639- Customs Units
Waste Heat Boiler (MP Steam H2 Side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles
See Data Check Messages Report for Warning Messages.
See Runtime Message Report for Warning Messages.
Process Conditions Hot Shellside Cold Tubeside
Fluid name H2 Produk SOEC BFW inlet
Total flow rate (kg/hr) o4 r 159025
Inlet/Outlet Y (Wt. frac vap.) [ 0000 1.0000 71.0000 1.0000
Inlet/Outlet T (Deg C) £00.00 576.11 7265.00 390.00
Inlet P/Avg (kgf/cm2G) "2.500 2.477 746.900 46.843
dP/Allow. (kgf/cm2) 70.046 0.500 Y 0.115 0.500
Fouling (m2-K/W) 0.000100 0.000100
Exchanger Performance
Shell h (W/m2-K) [83.09 | ActualU Wm2K) "7 66.13
Tube h (W/m2-K) [37.23 | Required U Wm2K) "7 36.28
Hot regime (--) Sens. Gas | Total duty (MM klJ/hr) r 46.918
Cold regime (--) Sens. Gas | Eff. area (m2) r 999.41
EMTD (Deg C) "359.5 | Overdesign %) 7 82.28
Shell Geometry Baffle Geometry
TEMA type (--) BEM | Baffle type None
Shell ID (mm) 5600.0 | Baffle cut (Pct Dia.)
Series (--) ¥ 1| Baffle orientation (-)
Parallel --) " 1| Central spacing (mm) " 1828.4
Orientation (deg) ¥ 0.00 Crosspasses (--) Y 1
Tube Geometry Nozzles
Tube type (--) Plain | Shell inlet (mm) 742.95
Tube OD (mm) 55.400 | Shell outlet (mm) r 742.95
Length (m) 72.438 | Inlet height (mm) 34.700
Pitch ratio ) I5000 | Outlet height (mm) 34.700
Layout (deg) ¥ 90 | Tube inlet (mm) " 336.55
Tubecount ) 76850 | Tube outlet mm) " 336.55
Tube Pass (--) !
Thermal Resistance, % Velocities, m/s Flow Fractions
Shell ¥ 36.12 Min Max A
Tube ¥ 61.62 |Tubeside " o093" 124 B r 0.990
Fouling ¥ 1.51 |Crossflow - - C r 0.010
Metal ¥ 0.76 |Longitudinal 5047 739 E
F
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Final Results Page 5|
Released to the following company:
Tugas Akhir
Xist 9 (32 bit) 24-Dec-25 22:01 SN:46639- Customs Units
Waste Heat Boiler (MP Steam H2 Side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles
Process Data Hot Shellside Cold Tubeside Shellside Performance
Fluid name H2 Produk SOEC BFW inlet Nom vel, X-flow/window 0.00/ 6.56
[Fluid condition Sens. Gas Sens. Gas
Total flow rate (kg/hr) 714111 7159025 Flow fractions for heat transfer 0.993
Weight fraction vapor, In/Out (--) " 1.0000 1.0000 [ 1.0000 1.0000 B=0.9903  C=0.0097
Temperature, In/Out (Deg C) ' 800.00 576.11 [ 265.00 390.00
Skin temperature, Min/Max (Deg C) Y 46171 65043 [ 454.38 641.23 Shellside Heat Transfer Corrections
Wall temperature, Mi/Max ~ (Deg C)”  459.57 647.74 [ 457.12 644.67
Pressure, In/Average (kgflem2G)”  2.500 2477 [ 46.900 46.843 Total  Beta Gamma End Fin
Pressure drop, Total/Allowed (kgfem2)”  0.046 0500 [ 0115 0500 |7 09837 0.920" 1.069 7 1.0007  1.000
Velocity, Mid/Max allow (m/s) r 6.60 r 1.08 Pressure Drops (Percent of Total)
(Mole fraction inert/Boiling rang (Deg C) 0.0000 0.0 Cross Window  Ends  Nozzle Shell  Tube
Average film coef. (W/m2-K) 7 183.09 o373 |7 0.00" 16.887 1.8 Inlet”  45.677 53.24
Heat transfer safety factor (=) 7 1.0000 7 10000 | MOMENTUM 000 Outlet” 35587 4617
Fouling resistance (m2-K/W) 70.000100 70000100 Two-Phase Parameters
Overall Performance Data Method Inlet Center Outlet Mix F
Overall coef., Reqd/Clean/Actual wWm2-K)” 3628 /7 6714 /7 66.13
Total Duty, Calculated/Specified (MM kJ/hr)' 46.918 /
[Effective overall temperature difference (Deg C)' 359.5 H. T. Parameters Shell Tube
EMTD = (MTD) * (DELTA) * (F/G/H) (DegC)”  359.6 * 7 0.9998 * "1.0000 Overall wall correction 7 0.849
Midpoint Prandtl no. " o082" 095
L Midpoint Reynolds no. 7 900" 19562
See Runtime Messages Report for Bundle inlet Reynolds no. o5 22583
(warnings. Bundle outlet Reynolds no. " 7957 16953
Fouling layer (mm)
Exchanger Fluid Volumes Thermal Resistance, %
Approximate shellsid (L) T 16673 Shell Tube Fouling MetalDver Des
Approximate tubesid(L) 7 86055 R v 36127 61.62" 1517 076" 8228
Shell Construction Information Total fouling resistance  (m2-K/W) 7 2.28e-4
TEMA shell type BEM Shell ID (mm) 7 3600.0 | Differential resistance (m2-K/W) 700124
Shells Series 1 Parallel 1 Total area m2) 7 13326 Shell Nozzles
Passes Shell 4 1 Tube i Eff. area (m2/shell) 7 99941 Inlet at channel end No
Shell orientation angle (deg) .00
Impingement present No Liquid
Pairs seal strips ) Passlane seal rods (mm) 0.000 No. 0 Inlet  Outlet Outlet
Shell expansion joint No Rear head support plate No Number at each position 1 1 0
Weight estimation Wet/Dry/Bundle 71212026 / 7 1109345 /7 35741 (kg/shell) Diameter (mm) 7 742,957 742.95
Velocity (mss) 7 113747 91.20
Pressure drop (kgf/cm2) " 00217 0016
Height under nozzle (mm) 7 34.7007  34.700
Baffle Information Nozzle R-V-SQ (kg/m-s2) ¥ 1028.47 824.60
Type None Baffle cut (% dia) Shell ent. (kg/m-s2) 7 5037.97  4039.7
(Crosspasses/shellpass v 1 No. Pct Area) (mm)to C.L
(Central spacing (mm)' 1828.4 "1 Inlet Outlet Liquid
Inlet spacing (mm)' 0.000 "2 Tube Nozzle RADIAL RADIAL Outlet
Outlet spacing (mm)”  0.000 Diameter (mm) 7 336.557 336.55
Baffle thickness (mm)”  0.000 Velocity mss) 7 21967 2991
Use deresonating baffles No Pressure drop (kgf/em2) " 0061”7 0053
Nozzle R-V-SQ (kg/m-s2) 7 109027 14855
Tube Information Annular Distributor Inlet  Outlet
Tube type Plain Tubecount per shell 76850 Length (mm)
Overall length (m) " o2438 Pct tubes removed (both) 4 0.2 || Height (mm)
Effective length (m) "o1.828 Outside diameter (mm) 7 25.400 Slot area (mm?2)
Total tubesheet (mm)' 609.60 ‘Wall thickness (mm)' 2.769 Diametral Clearances (mm)
Area ratio (out/in) ¥ 12788 Pitch (mm) 38.100 Ratio ”  1.5000 Baffle-to-shell Bundle-to-shell Tube-to-baffle
Tube metal SA-214 Tube (W) K01807 Tube pattern (deg) 90 711113 7 18215 7 0.0000
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Supplementary Results Page 6
Released to the following company:
Tugas Akhir
Xist 9 (32 bit) 24-Dec-25 22:01 SN:46639- Customs Units

Waste Heat Boiler (MP Steam H2 Side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Externally Enhanced Tube Geometry Internally Enhanced Tube Geometry
Type Plain Type None
Fin density  (fin/meter) Thickness (mm)
Fin height (mm) Pitch (L/D)
Fin thickness (mm)
Root diameter (mm)
Area/length (m2/m)

Mean Metal Temperatures
Mean shell temperature 84.67 ©)
Tubesheet temperature §32.22 ©)
Mean tube metal temperature in each tubepass, (C)

Tube Pass Inside Outside Radial

d 1 ¥ 54984 552567 55131
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Stream Properties

Released to the following company:

Tugas Akhir

Page 29

Xist 9 (32 bit) 24-Dec-25 22:01 SN: 46639-

Waste Heat Boiler (MP Steam H2 Side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Customs Units

Hot Shellside Fluid Inlet Outlet
Fluid name H2 Produk SOEC
Flow (kg/hr)[” 14111
Temperature ©) ¥ 800.00 " 57611
Pressure (kgf/em2G) " 2500 2454
Weight fraction vapor (=) ¥ 1.0000 1.0000
Vapor Properties
Flow (kg/hr) o4 o4
Density (kg/m3) ¥ 0.0795 ¥ 0.0991
Viscosity (cP) "o0.0277 " 00188
Conductivity (W/m-K) ¥ 04387 " 03708
Heat capacity (kl/kg-C) " o15.021 ¥ o14.655
Molecular weight () ¥ 2.0480 ¥ 2.0480
Liquid Properties

Flow (kg/hr) ¥ 0.0000 ¥ 0.0000
Density (kg/m3) "o10245 " o10246
Viscosity (cP) " 1.6490 ¥ 16585
Conductivity (W/m-K) ¥ 05723 ¥ 05720
Heat capacity (kl/kg-C) ¥o43235 ¥o43237
Molecular weight ) ¥ 18015 ¥ o18.015
Latent heat (KJ/kg) ¥ 25569 ¥ 25569
Surface tension (dyne/cm) ¥ 76.066 Y 76.097

Molar Composition MW, Vapor Liquid K-Value Vapor Liquid K-Value
[ 1 Hydrogen " 202 099807 1.79¢-6" 557547 0.9980" 1.76e-6" 568336
(2 H20 " 18.02f 0.0020" 1.0000" 0.0020[ 0.0020" 1.0000" 0.0020

Mass Composition Vapor  Liquid Vapor  Liquid
(1 Hydrogen " 098247 2.00e-7 F 098247 1.97e-7
(2 H20 © 001767 1.0000 " 0.0176"  1.0000
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Stream Properties Page 30
Released to the following company:
Tugas Akhir
Xist 9 (32 bit) 24-Dec-25 22:01 SN:46639- Customs Units
Waste Heat Boiler (MP Steam H2 Side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles
Cold Tubeside Fluid Inlet Outlet
Fluid name BFW inlet
Flow (kg/hr)[ 159025
Temperature (©) " 265.00 " 390.00
Pressure (kgf/em2G) ¥ 46.900 " 46.785
Weight fraction vapor (=) ¥ 1.0000 ¥ 1.0000
Vapor Properties
Flow (kg/hr) " 159025 " 159025
Density (kg/m3) " 22616 " 16599
Viscosity (cP) ¥ 00181 " 0.0245
Conductivity (W/m-K) ¥ 00523 ¥ 0.0587
Heat capacity (kl/kg-C) ¥ 24760 ¥ 23056
Molecular weight () ¥ 18015 ¥ 18015
Liquid Properties
Flow (kg/hr) -- --
Density (kg/m3) -- --
Viscosity (cP) -- --
Conductivity (W/m-K) -- --
Heat capacity (kJ/kg-C) -- --
Molecular weight (--) -- --
Latent heat (kJ/kg) -- --
Surface tension (dyne/cm) -- --
Molar Composition Vapor Liquid K-Value Vapor Liquid K-Value

} f

| —1
"i *




742.95 mm

Unit

Item no.

TEMA type

Shell ID

Actual OTL

Height under inlet nozzle
Height Lnder outlet nozzle
Tube type

Tube OD

Tube pitch

Tube layout angle
Tubes

Tube positions available
Tie rods

Seal strip pairs

Tube Passes

TUBEPASS CETAILS
Pass Rows Tubes
1 93 6850

SYMBOL LEGEND

O Tube

& Dunmy Short Tube
& Durmy Long Tube
© Flugoed Tube

® Tie Rod

# Seal Rod

@ Irpingerent Rod

Diagram
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Pemanfaatan panas yang berasal dari produk Oksigen dan

Hidrogen di SOEC yang menghasilkan Low Pressure steam
dengan tekanan 5 kg/cm2G dan Suhu 180 oC (201-C3, 201-

C4)
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201-C3:
Output Summary Page
Released to the following company:
Tugas Akhir
Xist 9 (32 bit) 24-Dec-25 21:54 SN:46639- Customs Units
Waste Heat Boiler (LP Steam - O2 side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles
See Data Check Messages Report for Warning Messages.
See Runtime Message Report for Warning Messages.
Process Conditions Hot Shellside Cold Tubeside
Fluid name 02 Produk SOEC BFW inlet
Total flow rate (kg/hr) ¥ 750345 r 96613
Inlet/Outlet Y (Wt. frac vap.) [ 0000 1.0000 70.0000 1.0000
Inlet/Outlet T (Deg C) Is5.16 169.96 "115.00 170.00
Inlet P/Avg (kegf/cm2G) 70.900 0.815 ¥ 5.000 4.981
dP/Allow. (kgf/cm2) 70.169 0.500 ¥ 0.037 0.500
Fouling (m2-K/W) 0.000100 0.000100
Exchanger Performance
Shell h (W/m2-K) [24.17 | Actualu Wm2K) "7 86.43
Tube h (W/m2-K) %9837 | Required U Wm2K) "7 83.22
Hot regime (--) Sens. Gas | Total duty (MM klJ/hr) r 225.17
Cold regime (--) Tran | Eff. area (m2) r 6911.5
EMTD (Deg C) "108.7 | Overdesign %) 7 3.86
Shell Geometry Baffle Geometry
TEMA type (--) BEM | Baffle type None
Shell ID (mm) 5600.0 | Baffle cut (Pct Dia.)
Series (--) ¥ 1| Baffle orientation (-)
Parallel (--) " 1| Central spacing (mm) " 12644
Orientation (deg) ¥ 0.00 Crosspasses (--) Y 1
Tube Geometry Nozzles
Tube type ) Plain | Shellinlet (mm) 3240.0
Tube OD (mm) 55.400 | Shell outlet (mm) " 2993.6
Length (m) 13.000 | Inlet height (mm) " 34.700
Pitch ratio ) I5000 | Outlet height (mm) 34.700
Layout (deg) ¥ 90 | Tube inlet (mm) 128.19
Tubecount (--) 76850 | Tube outlet (mm) " 641.35
Tube Pass (--) !
Thermal Resistance, % Velocities, m/s Flow Fractions
Shell " 69.61 Min Max A
Tube ¥ 27.74 | Tubeside "136e-27  3.96 B r 0.987
Fouling ¥ 1.97 |Crossflow - - C r 0.013
Metal ¥ 0.68 |Longitudinal 7 22487  33.39 E
F
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Final Results Page 5|
Released to the following company:
Tugas Akhir
Xist 9 (32 bit) 24-Dec-25 21:54 SN:46639- Customs Units
Waste Heat Boiler (LP Steam - O2 side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles
Process Data Hot Shellside Cold Tubeside Shellside Performance
Fluid name 02 Produk SOEC BFW inlet Nom vel, X-flow/window 0.00/25.43
Fluid condition Sens. Gas Boil. Liquid
Total flow rate (kg/hr) 7 750345 7 96613 Flow fractions for heat transfer 0.991
Weight fraction vapor, In/Out (--) " 1.0000 1.0000 [ 0.0000 1.0000 B=0.9874 C=0.0126
Temperature, In/Out (Deg C) Y 45516 169.96 [ 115.00 170.00
Skin temperature, Min/Max (Deg C) 713192 34371 [ 130.40 340.69 Shellside Heat Transfer Corrections
Wall temperature, MiMax ~ (Deg C)”  131.42 34273 [ 131.03 341.95
Pressure, In/Average (kgflem2G)”  0.900 0815 [ 5.000 4,981 Total  Beta Gamma End Fin
Pressure drop, Total/Allowed (kgfem2)”  0.169 0500 [ 0.037 0500 |7 09837 0.920” 1.069 7 1.0007  1.000
Velocity, Mid/Max allow (m/s) Y2550 r 0.87 Pressure Drops (Percent of Total)
(Mole fraction inert/Boiling rang (Deg C) 0.0000 1.87e-3 Cross Window  Ends  Nozzle Shell  Tube
Average film coef. (W/m2-K) 712417 " 39837 |7 0.007 74157 863 Inlet”  9.047 70.07
Heat transfer safety factor (=) 7 1.0000 7 10000 | MOMENTUM 0.00 Outlet” 8187 2241
Fouling resistance (m2-K/W) 70.000100 70000100 Two-Phase Parameters
Overall Performance Data Method Inlet Center Outlet Mix F
Overall coef., Reqd/Clean/Actual Wm2-K)” 8322 /7 8817 /7 8643
Total Duty, Calculated/Specified (MM kJ/hr)' 22517 / PP/TBR Sens Liq Tran Tran
[Effective overall temperature difference (Deg C)' 108.7 H. T. Parameters Shell Tube
EMTD = (MTD) * (DELTA) * (F/G/H) (DegC)”  109.0 * 7 0.9974 * "1.0000 Overall wall correction
Midpoint Prandtl no. "oom
| ; Midpoint Reynolds no. : 361 18: 1697
See Runtime Messages Report for — Bundle inlet Reynolds no. 21320 1106
warnings. Bundle outlet  Reynolds no. " 310097 17075
Fouling layer (mm)
Exchanger Fluid Volumes Thermal Resistance, %
Approximate shellsid (L) " 91617 T Shell Tube Fouling MetalDver Des
Approximate tubesid(L) 7 79243 ! v 69.617 27747 1977 068" 3386
Shell Construction Information Total fouling resistance  (m2-K/W) 7 2.28e-4
TEMA shell type BEM Shell ID (mm) 7 3600.0 | Differential resistance (m2-K/W) 7 4.46e-4
Shells Series 1 Parallel "1 Total area m2) 7 71059 Shell Nozzles
Passes Shell 4 1 Tube i Eff. area (m2/shell) 7 69115 Inlet at channel end No
Shell orientation angle (deg) .00
Impingement present No Liquid
Pairs seal strips ) Passlane seal rods (mm) 0.000 No. 0 Inlet Outlet Outlet
Shell expansion joint No Rear head support plate No Number at each position 1 1 0
Weight estimation Wet/Dry/Bundle Y 405318 /7 234536 /7 155946 (kg/shell) Diameter (mm) 7 3240.07 2993.6
Velocity mis) 7 27.397 2137
Pressure drop (kgf/cm2) " 00157 0014
Height under nozzle (mm) 7 34.7007  34.700
Baffle Information Nozzle R-V-SQ (kg/m-s2) ¥ 692317 63278
Type None Baffle cut (% dia) Shell ent. (kg/m-s2) 7 511797 4684.4
(Crosspasses/shellpass v 1 No. Pct Area) (mm)to C.L
(Central spacing (mm) 12644 "1 Inlet Outlet Liquid
Inlet spacing (mm)' 0.000 "2 Tube Nozzle RADIAL RADIAL Outlet
Outlet spacing (mm)”  0.000 Diameter (mm) 7 128.197 64135
Baffle thickness (mm)”  0.000 Velocity ms) ¥ 22" 279
Use deresonating baffles No Pressure drop (kgf/cm2) 7 0.026" 8.29¢-3
Nozzle R-V-SQ (kg/m-s2) 7 462237 2323.1
Tube Information Annular Distributor Inlet  Outlet
Tube type Plain Tubecount per shell 7 6850 Length (mm)
Overall length (m) 7 13.000 Pct tubes removed (both) 4 0.2 || Height (mm)
Effective length (m) " 12.644 Outside diameter (mm) 7 25.400 Slot area (mm?2)
Total tubesheet (mm)' 355.60 ‘Wall thickness (mm)' 2.769 Diametral Clearances (mm)
Area ratio (out/in) ¥ 12788 Pitch (mm) 38.100 Ratio ©  1.5000 Baffle-to-shell Bundle-to-shell Tube-to-baffle
Tube metal SA-214 Tube (W) K01807 Tube pattern (deg) 90 711113 7 18215 7 0.0000
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Stream Properties

Released to the following company:

Tugas Akhir

Page 38

Xist 9 (32 bit) 24-Dec-25 21:54 SN: 46639-

Waste Heat Boiler (LP Steam - O2 side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Customs Units

Hot Shellside Fluid Inlet Outlet
Fluid name 02 Produk SOEC
Flow (kg/hr)[ 750345
Temperature (©) " 45516 " 169.96
Pressure (kgf/em2G) " 0.900 Yo7l
Weight fraction vapor (--) " 1.0000 1.0000
Vapor Properties
Flow (kg/hr) ¥ 750345 ¥ 750345
Density (kg/m3) ¥ 09231 ¥ 13850
Viscosity (cP) ¥ 0.0373 " 0.0256
Conductivity (W/m-K) ¥ 0.0530 ¥ 0.0359
Heat capacity (kl/kg-C) ¥ 1.0809 " 10210
Molecular weight () ¥ 29500 ¥ 29.500
Liquid Properties

Flow (kg/hr) ¥ 0.0000 ¥ 0.0000
Density (kg/m3) "1055.7 " 10563
Viscosity (cP) " o554 ¥ 57076
Conductivity (W/m-K) ¥ 04873 ¥ 04855
Heat capacity (kl/kg-C) ¥ o43917 ¥ 43937
Molecular weight ) ¥ o18.017 ¥ 18016
Latent heat (KJ/kg) ¥ 23636 ¥ o23888
Surface tension (dyne/cm) ¥ 83.563 ¥ 83.707

Molar Composition MW, Vapor Liquid K-Value Vapor Liquid K-Value
(1 Nitrogen 72801 0.6428" 137e4” 47052[ 0.64287 131e-4” 49213
(2 Oxygen 732000 03492 2.72e-77 1281720 034927 2.41e-7" 1447831
(3 Argon 73995 000767 1.3e-117 6.12e+8]  0.0076" 1.1e-117 7.15¢+8
(4 CO2 T 4401 24847 287e-6" 86.433[ 2.48e-4" 2.75¢-6"  90.150
(5 H20 " 18.02] 826e-57 099997 8.26e-5[ 8.26e-5"7 0.9999" 8.26e-5

Mass Composition Vapor  Liquid Vapor  Liquid
(1 Nitrogen © 061047 2.12¢-4 © 061047 2.03¢-4
(2 Oxygen © 037887 4.84e-7 " 037887 4.28¢-7
(3 Argon © 001047 2.8e-11 " 001047 2.4e-11
4 CO2 ' 3.70e-4"  7.00e-6 F 3.70e-4" 6.71e-6
(5 H20 " 5.04e-57  0.9998 F 5.04e-57  0.9998
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Stream Properties

Released to the following company:

Tugas Akhir

Page 39

Xist 9 (32 bit) 24-Dec-25 21:54 SN:46639-

Waste Heat Boiler (LP Steam - O2 side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Customs Units

Cold Tubeside Fluid Inlet Outlet
Fluid name BFW inlet
Flow (kg/hr)[ 96613
Temperature (©) " o115.00 " 170.00
Pressure (kgf/em2G) ¥ 5.000 " 4963
Weight fraction vapor (--) " 0.0000 1.0000
Vapor Properties
Flow (kg/hr) ¥ 0.0000 " 96613
Density (kg/m3) ¥ 3.0785 ¥ 29706
Viscosity (cP) ¥ 00142 ¥ 0.0147
Conductivity (W/m-K) " 0.0293 " 0.0317
Heat capacity (kl/kg-C) ¥ 1.9892 ¥ 1.9908
Molecular weight () ¥ 18015 ¥ 18015
Liquid Properties
Flow (kg/hr) ¥ 96613 ¥ 0.0000
Density (kg/m3) "o93531 " 896.11
Viscosity (cP) " 0.2406 o01712
Conductivity (W/m-K) ¥ 0.6856 ¥ 0.6849
Heat capacity (kl/kg-C) ¥ 44368 ¥ 46106
Molecular weight () ¥ 18015 ¥ 18015
Latent heat (kJ/kg) ¥ o21102 ¥ o110
Surface tension (dyne/cm) Y5572 ¥ 46.989
Molar Composition Vapor Liquid K-Value Vapor Liquid K-Value
f

T
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Unit 201-C
Ttem no. 201-3
3240.0 TEMA type BEM
Shel ID 3600.0 mm
Actud OTL 3581.8 mm

Height under inlet nozzle 34.700 mm
Height under outlet nozzle 34.700 mm
Tube type Flain
e Tube 0D 25.400 mm
e Tube pitch 38.100 mm
11Ee Tube layout angle 90 deg
£ Tubes 6850
3t Tube positions avaiable 6850
i Tie rods 12
Sesl stnp pairs [}
Tube Passes 1

iR

TUBEPASS CETAILS
Pass  Rows Tubes
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Output Summary

Released to the following company:

Tugas Akhir

Page 1

Xist 9 (32 bit) 24-Dec-25 21:57 SN:46639-

Waste Heat Boiler (LP Steam H2 Side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Customs Units

See Data Check Messages Report for Warning Messages.
See Runtime Message Report for Warning Messages.

Process Conditions Hot Shellside Cold Tubeside
Fluid name H2 Produk SOEC BFW inlet
Total flow rate (kg/hr) o4 r 159025
Inlet/Outlet Y (Wt. frac vap.) T 0000 1.0000 70.0000 0.0000
Inlet/Outlet T (Deg C) 57611 540.03 7170.00 180.00
Inlet P/Avg (kef/em2G) "2.500 2.451 746.900 46.846
dP/Allow. (kgf/cm2) 70.099 0.500 " 0.108 0.500
Fouling (m2-K/W) 0.000100 0.000100
Exchanger Performance
Shell h (W/m2-K) 772.28 | ActualU Wm2K) 7 585.52
Tube h (W/m2-K) "13126 | Required U Wm2K) 7 535.48
Hot regime (=) Sens. Gas | Total duty (MMkJhr)y 7 7.4508
Cold regime (--) Sens. Liquid | Eff. area (m2) r 10.097
EMTD (Deg C) "382.8 | Overdesign @) 7 9.35
Shell Geometry Baffle Geometry

TEMA type (-) BEM | Baffle type None
Shell ID (mm) £00.00 | Baffle cut (Pct Dia.)

Series (--) ¥ 1| Baffle orientation (--)

Parallel (--) " 1| Central spacing (mm) " 1304.5
Orientation (deg) ¥ 0.00 Crosspasses (--) d 1
Tube Geometry Nozzles
Tube type ) Plain | Shell inlet (mm) 540.00
Tube OD (mm) 55.400 | Shell outlet (mm) " 540.00
Length (m) 72.438 | Inlet height (mm) " 190.81
Pitch ratio ) 15000 | Outlet height (mm) 96.800
Layout (deg) " 90 | Tube inlet (mm) " 154.05
Tubecount (--) ¥ 97 | Tube outlet (mm) r 154.05

Tube Pass (--) "o
Thermal Resistance, % Velocities, m/s Flow Fractions
Shell ¥ 7582 Min Max A
Tube ¥ 570 |Tubeside L66”  1.67 B r 0.945
Fouling ¥ 13.34 |Crossflow - - C r 0.055
Metal ¥ 514 |Longitudinal " 167.44"7 172.44 E
F
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Final Results Page 2
Released to the following company:
Tugas Akhir
Xist 9 (32 bit) 24-Dec-25 21:57 SN:46639- Customs Units
Waste Heat Boiler (LP Steam H2 Side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles
Process Data Hot Shellside Cold Tubeside Shellside Performance
Fluid name H2 Produk SOEC BFW inlet | Nom vel, X-flow/window 0.00/ 165.46
Fluid condition Sens. Gas Sens. Liquid
Total flow rate (kg/hr) 741 " 159025 | Flow fractions for heat transfer 0.973
Weight fraction vapor, In/Out (--) 7 1.0000 1.0000 [ 0.0000 0.0000 B=0.9453  C=0.0547
Temperature, In/Out (Deg )" 576.11 54003 [ 170.00 180.00
Skin temperature, Mi/Max ~ (Deg C)”  259.93 27530 [ 19158 202.09 Shellside Heat Transfer Corrections
Wall temperature, Mi/Max ~ (Deg C)”  238.27 25211 [ 21928 231.76
Pressure, In/Average (kgf/em2G) 72500 2.451 ' 46.900 46.846 Total Beta Gamma End Fin
Pressure drop, TotalAllowed (kgflem2)”  0.099 0500 [ 0.108 0.500 |7 09457 09207 1.028 7 1.0007  1.000
Velocity, Mid/Max allow (n/s) 7 169.79 r 1.66 Pressure Drops (Percent of Total)
Mole fraction inert/Boiling rang (Deg C) 0.0000 1.15¢-3 Cross  Window Ends  Nozzle Shell  Tube
Average film coef. (W/m2-K) 771228 " o316 | 000" 3934”7 437 mlet” 23627 3291
Heat transfer safety factor ) 7 1.0000 " 1.0000 | MOMENTUM 7000 Outet” 32677 2018
Fouling resistance (m2-K/W) 7 0.000100 70.000100 Two-Phase Parameters
Overall Performance Data Method Inlet Center Outlet Mix F
Overall coef., Reqd/Clean/Actual wWm2-K)” 53548 /7 67568 /7 58552
Total Duty, Calculated/Specified (MM kJ/hr) 774508 /
Effective overall temperature difference (Deg C)' 382.8 H. T. Parameters Shell Tube
EMTD = (MTD) * (DELTA) * (F/G/H) (DegC)” 3830 * 709995 * "1.0000 Overall wall correction
Midpoint Prandtl no. Too04” 1.06
\ . Midpoint Reynolds no. 7 29857" 189314
See Runtime Messages Report for Bundle inlet Reynolds no. " 238827 184319
warnings. Bundle outlet Reynolds no. 7 249657 194967
Fouling layer (mm)
Exchanger Fluid Volumes Thermal Resistance, %
[Approximate shellsidi (L) 77185 Shell Tube Fouling MetalDver Des
Approximate tubesid (L) 7 565.8 ' ' v 75827 570" 13347 5147 935
Shell Construction Information Total fouling resistance  (m2-K/W) 7 2.28¢-4
TEMA shell type BEM Shell ID (mm) 600.00 | Differential resistance (m2-K/W) " 16ed
Shells Series v 1 Parallel 1 Total area (m2) 718871 Shell Nozzles
Passes Shell 4 1 Tube d Eff. area (m2/shell) " 10.097 | Inlet at channel end No
Shell orientation angle (deg) .00
Impingement present Rods Impingement rod rows v 2 Liquid
Pairs seal strips 1 Passlane seal rods (mm) 0.000 No. 0 Inlet Outlet Outlet
Shell expansion joint No Rear head support plate No Number at each position v 17 17 0
Weight estimation Wet/Dry/Bundle Y o10513 /7 92295 /7 2546.1 (ke/shell) Diameter (mm) 7 540.00"  540.00
Velocity (m/s) 7 170407 167.82
Pressure drop (kgf/em2) " o0.0237  0.032
Height under nozzle (mm) 7 190.817  96.800
Baffle Information Nozzle R-V-SQ (keg/m-s2) 7 2916.47 28722
Type None Baffle cut (% dia) Shell ent. (keg/m-s2) 7 197657 4679.1
(Crosspasses/shellpass v 1 No. (Pct Area) (mm)to C.L
(Central spacing (mm)~  1304.5 "1 Inlet Outlet Liquid
Inlet spacing (mm)”  0.000 "2 Tube Nozzle RADIAL RADIAL Outlet
Outlet spacing (mm)”  0.000 Diameter (mm) 7 154.057 154.05
Baffle thickness (mm)”  0.000 Velocity mis) 7 2677 270
Use deresonating baffles No Pressure drop (kgflem2) 7 0.036”  0.023
Nozzle R-V-SQ (kg/m-s2) 7 632927 6400.5
Tube Information Annular Distributor Inlet  Outlet
Tube type Plain Tubecount per shell r 97 Length (mm)
Overall length (m)' 2.438 Pct tubes removed (both) To4012 Height (mm)
[Effective length (m)' 1.305 Outside diameter (mm) 7 25.400 Slot area (mm2)
Total tubesheet (mm)' 1133.5 Wall thickness (mm) T 2769 Diametral Clearances (mm)
Area ratio (oul/in)' 1.2788 Pitch (mm) 38.100 Ratio 1.5000 Baffle-to-shell Bundle-to-shell Tube-to-baffle
Tube metal SA-214 Tube (W) K01807 Tube pattern (deg) 90 " 47625 " 19.856 " 0.0000
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Supplementary Results Page 3
Released to the following company:
Tugas Akhir
Xist 9 (32 bit) 24-Dec-25 21:57 SN: 46639- Customs Units

Waste Heat Boiler (LP Steam H2 Side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Externally Enhanced Tube Geometry Internally Enhanced Tube Geometry
Type Plain Type None
Fin density  (fin/meter) Thickness (mm)
Fin height (mm) Pitch (L/'D)
Fin thickness (mm)
Root diameter (mm)
Area/length (m2/m)

Mean Metal Temperatures
Mean shell temperature 557.92 ©
Tubesheet temperature 604.44 ©)
Mean tube metal temperature in each tubepass, (C)

Tube Pass Inside Outside Radial

! ¥ 2548 B45.157 236.12
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Stream Properties Page 26
Released to the following company:

Tugas Akhir
Xist 9 (32 bit) 24-Dec-25 21:57 SN:46639- Customs Units

Waste Heat Boiler (LP Steam H2 Side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Hot Shellside Fluid Inlet Outlet
Fluid name H2 Produk SOEC
Flow (kg/hr)[” 14111
Temperature (©) " 57611 ¥ 540.03
Pressure (kgf/em2G) " 2500 "o2401
Weight fraction vapor (=) ¥ 1.0000 ¥ 1.0000
Vapor Properties
Flow (kg/hr) o4 o4
Density (kg/m3) " o0.1004 " 01020
Viscosity (cP) " 0.0188 " 00180
Conductivity (W/m-K) ¥ 03708 ¥ 03599
Heat capacity (kl/kg-C) ¥ o14.655 " 14.598
Molecular weight () ¥ 2.0480 ¥ 2.0480
Liquid Properties

Flow (kg/hr) ¥ 0.0000 ¥ 0.0000
Density (kg/m3) "o10245 "o1024.8
Viscosity (cP) " 1.6490 ¥ 1.6694
Conductivity (W/m-K) ¥ 05723 ¥ 05716
Heat capacity (kl/kg-C) ¥o43235 ¥o43238
Molecular weight ) ¥ 18015 ¥ o18.015
Latent heat (KJ/kg) ¥ 25569 ¥ 25569
Surface tension (dyne/cm) ¥ 76.066 Y7632

Molar Composition MW, Vapor Liquid K-Value Vapor Liquid K-Value
[ 1 Hydrogen " 2.0 099807 1.79e-6" 557547 0.9980"7 1.72e-6" 581286
(2 H20 " 18.02f 0.0020" 1.0000" 0.0020[ 0.0020" 1.0000" 0.0020

Mass Composition Vapor Liquid Vapor Liquid
[ 1 Hydrogen [ 0.9824" 2.00e-7 [ 09824" 1.92¢-7
(2 H20 © 001767 1.0000 " 0.0176"  1.0000
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Stream Properties Page 27
Released to the following company:

Tugas Akhir
Xist 9 (32 bit) 24-Dec-25 21:57 SN:46639- Customs Units

Waste Heat Boiler (LP Steam H2 Side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Cold Tubeside Fluid Inlet Outlet
Fluid name BFW inlet
Flow (kg/hr)[ 159025
Temperature (©) " 170.00 " 180.00
Pressure (kgf/em2G) ¥ 46.900 " 46792
Weight fraction vapor (--) " 0.0000 ¥ 0.0000
Vapor Properties
Flow (kg/hr) ¥ 0.0000 " 0.0000
Density (kg/m3) ¥o22.888 "o22835
Viscosity (cP) ¥ 00179 ¥ 0.0179
Conductivity (W/m-K) " 00527 ¥ 0.0526
Heat capacity (kl/kg-C) ¥ 2481 ¥ 24876
Molecular weight () ¥ 18015 ¥ 18015
Liquid Properties
Flow (kg/hr) ¥ 159025 ¥ 159025
Density (kg/m3) " 887.43 "877.55
Viscosity (cP) ¥ 01585 Y 0.1494
Conductivity (W/m-K) ¥ 0.6810 ¥ 0.6766
Heat capacity (kl/kg-C) ¥o46547 ¥o47157
Molecular weight ) ¥ 18015 ¥ o18.015
Latent heat (kI/kg) ¥ 16884 ¥ o1689.2
Surface tension (dyne/cm) Yoaqa47 Y opom
Molar Composition Vapor Liquid K-Value Vapor Liquid K-Value
’r 1
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Unit

Itemino.

TEMA type

Shell ID

Actual OTL

Height under inlet nozzle
Rows of irmpingement rods
Irrpingerrert rod OO
Height under outlet nozzle

Tube pitch

Tube layout angle
Tubes

Tube positions available
Tie rods

Seal strp pairs

Tube Passes

TUBEPASS CETALS
Pass  Rows  Tubes

1: 7 97
SYMBOL LEGEND
© Tube

& Durmry Short Tube
& Durrmy Long Tube
© Plugged Tube

@ Tie Rod

& Seal Rod

& Irpingement Rod

mm

545
mm

201-C

201-C4

BEM
600.00 rm
580.14 rm
190.81 mm

2
22.225 mm
96.800 mm

Plain
25.400 mm
38.100 mm
90 deg

a7

97

6

1

1
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Output Summary

Released to the following company:

Tugas Akhir

Page

Xist 9 (32 bit) 24-Dec-25 22220 SN:46639-
Sebelum masuk sebagai Inlet Kompresor H2
Waste Heat Boiler (H2 Side) : 201-C

Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Customs Units

See Data Check Messages Report for Warning Messages.
See Runtime Message Report for Warning Messages.

Process Conditions Hot Shellside Cold Tubeside
Fluid name H2 Produk SOEC Sea Water Inlet
Total flow rate (kg/hr) 14111 1.11E+07
Inlet/Outlet Y (Wt. frac vap.) I 0000 1.0000 70.0000 0.0000
Inlet/Outlet T (Deg C) 566.79 45.00 ¥ 30.00 32.21
Inlet P/Avg (kgf/em2G) 72.500 2.482 ¥ 4.500 4.268
dP/Allow. (kgflem2) 70.035 0.500 ¥ 0.464 0.500
Fouling (m2-K/W) 0.000100 0.000100
Exchanger Performance

Shell h (W/m2-K) [58.38 | ActualU wm2k) 7 146.85
Tube h (W/m2-K) 1537 | Required U wm2k) 7 130.87
Hot regime --) Sens. Gas | Total duty (MM kl/hr) r 105.03
Cold regime (--) Sens. Liquid | Eff. area (m2) r 1531.1
EMTD (Deg C) 7145.6 | Overdesign %) 12.21

Shell Geometry Baffle Geometry
TEMA type --) BEM | Baffle type None
Shell ID (mm) 5$500.0 | Baffle cut (Pct Dia.)
Series (--) ¥ 1| Baffle orientation --)
Parallel (--) " 1| Central spacing (mm) r 5864.2
Orientation (deg) " 0.00 Crosspasses (--) r 1

Tube Geometry Nozzles
Tube type ) Plain | Shell inlet (mm) 742.95
Tube OD (mm) 55.400 | Shell outlet mm) " 539.75
Length (m) 76.096 | Inlet height (mm) r 37.150
Pitch ratio ) 15000 | Outlet height (mm) 37.150
Layout (deg) " 90 | Tube inlet (mm) 1232.6
Tubecount ) 73272 | Tube outlet (mm) 1232.6
Tube Pass (--) "

Thermal Resistance, % Velocities, m/s Flow Fractions
Shell k) Min Max A
Tube ¥ 1.63 |Tubeside I X1 M X1 7) B r 0.986
Fouling ¥ 3.35 |Crossflow - - C r 0.014
Metal ¥ 230 |Longitudinal " 4.587  11.29 E
F
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Final Results Page 5|
Released to the following company:
Tugas Akhir
Xist 9 (32 bit) 24-Dec-25 22:20 SN: 46639- Customs Units
Sebelum masuk sebagai Inlet Kompresor H2
Waste Heat Boiler (H2 Side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles
Process Data Hot Shellside Cold Tubeside Shellside Performance
Fluid name H2 Produk SOEC Sea Water Inlet Nom vel, X-flow/window 0.00/5.41
Fluid condition Sens. Gas Sens. Liquid
Total flow rate (kg/hr) 741 7 L1let7 Flow fractions for heat transfer 0.990
Weight fraction vapor, In/Out (--) 7 1.0000 1.0000 [ 0.0000 0.0000 B=0.9863 C=0.0137
Temperature, In/Out (DegC)” 56679 4500 [ 30.00 3221
Skin temperature, Min/Max (Deg C) Y3114 7284 [ 3026 40.96 Shellside Heat Transfer Corrections
Wall temperature, MiMax ~ (Deg C)”  30.92 6455 [ 3056 51.55
Pressure, In/Average (kgflem2G)”  2.500 2482 [ 4500 4268 Total  Beta Gamma End Fin
Pressure drop, Total/Allowed (kgfem2)”  0.035 0500 [ 0.464 0500 |” 0982”7 0.920” 1.067 7 1.0007  1.000
Velocity, Mid/Max allow (m/s) r 5.45 r 3.02 Pressure Drops (Percent of Total)
(Mole fraction inert/Boiling rang (Deg C) 0.0000 1.07e-3 Cross Window  Ends  Nozzle Shell  Tube
Average film coef. (W/m2-K) 715838 Tos37 |7 000" 2257 032 Inlet”  44.657  7.99
Heat transfer safety factor (=) 7 1.0000 7 10000 | MOMENTUM 7000 Outlet” 52797 509
Fouling resistance (m2-K/W) 70.000100 70000100 Two-Phase Parameters
Overall Performance Data Method Inlet Center Outlet Mix F
Overall coef., Reqd/Clean/Actual (Wm2-K)” 13087 /7 151.94 /7 146585
Total Duty, Calculated/Specified (MM kJ/hr)' 105.03 /
[Effective overall temperature difference (Deg C)' 145.6 H. T. Parameters Shell Tube
EMTD = (MTD) * (DELTA) * (F/G/H) (DegC)”  147.1 * 7 0.9895 * "1.0000 Overall wall correction
Midpoint Prandtl no. Y oon” 554
I Midpoint Reynolds no. 737307 75893
See Runtime Messages Report for Bundle inlet Reynolds no. 716657 75494
(warnings. Bundle outlet Reynolds no. " o3362" 78419
Fouling layer (mm)
Exchanger Fluid Volumes Thermal Resistance, %
Approximate shellsid (L) 719882 Shell Tube Fouling MetalDver Des
Approximate tubesid(L) 7 43242 o v 272" 1637 3357 2307 1221
Shell Construction Information Total fouling resistance  (m2-K/W) 7 2.28e-4
TEMA shell type BEM Shell ID (mm) 7 2500.0 | Differential resistance (m2-K/W) 7 §.32e-4
Shells Series 1 Parallel 1 Total area m2) 7 15916 Shell Nozzles
Passes Shell 4 1 Tube i Eff. area (m2/shell) 1531.1 Inlet at channel end No
Shell orientation angle (deg) .00
Impingement present No Liquid
Pairs seal strips ) Passlane seal rods (mm) 0.000 No. 0 Inlet Outlet Outlet
Shell expansion joint No Rear head support plate No Number at each position 1 17 0
Weight estimation Wet/Dry/Bundle " 125868 /7 62773 /7 21245 (kg/shell) Diameter (mm) 7 742,957 539.75
Velocity (mss) 7 89.037  64.56
Pressure drop (kgf/cm2) " 00167 0019
Height under nozzle (mm) 7 37.1507 37.150
Baffle Information Nozzle R-V-SQ (keg/m-s2) ¥ 805.007 1106.0
Type None Baffle cut (% dia) Shell ent. (kg/m-s2) " 3823.0" 43308
(Crosspasses/shellpass v 1 No. Pct Area) (mm)to C.L
(Central spacing (mm)' 5864.2 "1 Inlet Outlet Liquid
Inlet spacing (mm)' 0.000 "2 Tube Nozzle RADIAL RADIAL Outlet
Outlet spacing (mm)”  0.000 Diameter (mm) 7 123267 12326
Baffle thickness (mm)”  0.000 Velocity ms) ¥ 2577 257
Use deresonating baffles No Pressure drop (kgf/cm2) 700377 0.024
Nozzle R-V-SQ (kg/m-s2) 7 6607.17 66182
Tube Information Annular Distributor Inlet  Outlet
Tube type Plain Tubecount per shell Yonmn Length (mm)
Overall length (m) T 6.096 Pct tubes removed (both) 4 0.4 || Height (mm)
Effective length (m) Y 5864 Outside diameter (mm) 7 25.400 Slot area (mm?2)
Total tubesheet (mm)' 231.78 ‘Wall thickness (mm)' 2.769 Diametral Clearances (mm)
Area ratio (out/in) ¥ 12788 Pitch (mm) 38.100 Ratio ”  1.5000 Baffle-to-shell Bundle-to-shell Tube-to-baffle
Tube metal Titanium-grade 2 2 Tube pattern (deg) 90 71113 7 18.110 7 0.0000
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Supplementary Results Page 6
Released to the following company:
Tugas Akhir
Xist 9 (32 bit) 24-Dec-25 22:20 SN: 46639- Customs Units

Sebelum masuk sebagai Inlet Kompresor H2
Waste Heat Boiler (H2 Side) : 201-C
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Externally Enhanced Tube Geometry Internally Enhanced Tube Geometry
Type Plain Type None
Fin density  (fin/meter) Thickness (mm)
Fin height (mm) Pitch (L/D)
Fin thickness (mm)
Root diameter (mm)
Area/length (m2/m)

Mean Metal Temperatures
Mean shell temperature 170.38 ©)
Tubesheet temperature 598.89 ©)
Mean tube metal temperature in each tubepass, (C)

Tube Pass Inside OQOutside Radial
1 3568 T30.087 3752

4
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Stream Properties
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Xist 9 (32 bit) 24-Dec-25 22:20 SN: 46639-
Sebelum masuk sebagai Inlet Kompresor H2
Waste Heat Boiler (H2 Side) : 201-C

Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Customs Units

Hot Shellside Fluid Inlet Outlet
Fluid name H2 Produk SOEC
Flow (kg/hr)[” 14111
Temperature (©) ¥ 566.79 4500
Pressure (kgf/em2G) " 2500 ¥ 2465
Weight fraction vapor (=) ¥ 1.0000 1.0000
Vapor Properties
Flow (kg/hr) o4 o4
Density (kg/m3) " o0.1015 " 02653
Viscosity (cP) ¥ 00186 ¥ 0.0092
Conductivity (W/m-K) ¥ 03680 " o0.1834
Heat capacity (kl/kg-C) ¥ 14.640 "o13.917
Molecular weight () ¥ 2.0480 ¥ 2.0480
Liquid Properties

Flow (kg/hr) ¥ 0.0000 ¥ 0.0000
Density (kg/m3) "o10245 " o10246
Viscosity (cP) " 1.6490 ¥ 16563
Conductivity (W/m-K) ¥ 05723 ¥ o0s5721
Heat capacity (kl/kg-C) ¥o43235 Y4323
Molecular weight ) ¥ 18015 ¥ o18.015
Latent heat (KJ/kg) ¥ 25569 ¥ 25569
Surface tension (dyne/cm) ¥ 76.066 ¥ 76.089

Molar Composition MW, Vapor Liquid K-Value Vapor Liquid K-Value
[ 1 Hydrogen " 2.0 099807 1.79¢-6" 557547 0.9980" 1.76e-6" 565769
(2 H20 " 18.02f 0.0020" 1.0000" 0.0020[ 0.0020" 1.0000" 0.0020

Mass Composition Vapor Liquid Vapor Liquid
(1 Hydrogen " 098247 2.00e-7 F 098247 1.97e-7
(2 H20 © 001767 1.0000 " 0.0176"  1.0000
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Stream Properties
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Page 33

Xist 9 (32 bit) 24-Dec-25 22:20 SN:46639-
Sebelum masuk sebagai Inlet Kompresor H2
Waste Heat Boiler (H2 Side) : 201-C

Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Customs Units

Cold Tubeside Fluid Inlet Outlet
Fluid name Sea Water Inlet
Flow (kg/hr)[ 1.11e+7
Temperature (©) " 3000 "2
Pressure (kgf/em2G) "4500 " 4036
Weight fraction vapor (--) " 0.0000 0.0000
Vapor Properties
Flow (kg/hr) ¥ 0.0000 ¥ 0.0000
Density (kg/m3) "o2.8388 " 26154
Viscosity (cP) ¥ 00141 ¥ 0.0140
Conductivity (W/m-K) " 0.0290 Y 0.0287
Heat capacity (kl/kg-C) ¥ 1.9824 ¥ 1.9760
Molecular weight () ¥ 18015 ¥ 18015
Liquid Properties
Flow (kg/hr) ¥ o111e+7 " o111e7
Density (kg/m3) " 1003.7 " 1002.0
Viscosity (cP) "o0.7972 To0.7643
Conductivity (W/m-K) ¥ o0.6182 " o0.6213
Heat capacity (kl/kg-C) ¥ 43129 "o43132
Molecular weight () ¥ 18015 ¥ 18015
Latent heat (kI/kg) ¥ 21206 ¥ 21309
Surface tension (dyne/cm) Y 71034 ¥ 70.851
Molar Composition Vapor Liquid K-Value Vapor Liquid K-Value
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Unit

Itemno.

TEMAtype

Shell ID

Actual OTL

Height under inlet nozzle
Height under outlet nozze
Tube type

Tube OD

Tube pitch

Tube layout angle
Tubes

Tube postions available
Tie rods

Seal strip pairs

Tube Passes

TUBEPASS DETALS
= Rows Tubes
1 o4 3272

SYMBOL LEGEND

Tube

Durrmy Short Tube
Durrmy Long Tube
Plugged Tube

Tie Rod

Seal Rod
Irrpingerrent Rod

SRQ0OBEC

L T 3

1876
mm

1976

mm

201-C

201-2

BEM
2500.0 mm
2481.9 mm
37.150 mm
37.150 mm

Plain
25.400 mm
38.100 mm
20 deg

3272

3272

12

o

1
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Output Summary Page
Released to the following company:
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02 sebelum di Vent ke atmosfer
02 Produk SOEC :204-C2
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles
See Data Check Messages Report for Warning Messages.
See Runtime Message Report for Warning Messages.
Process Conditions Hot Shellside Cold Tubeside
Fluid name 02 Produk SOEC Sea Water
Total flow rate (kg/hr) ¥ 750345 o Lllew7
Inlet/Outlet Y (Wt. frac vap.) I 0000 1.0000 70.0000 0.0000
Inlet/Outlet T (Deg C) f70.00 47.00 ¥ 32.10 34.07
Inlet P/Avg (kgf/em2G) 70.900 0.779 ¥ 5.000 4.465
dP/Allow. (kgflem2) "0.241 0.500 ¥ 1.069 1.500
Fouling (m2-K/W) 0.000100 0.000100
Exchanger Performance
Shellh (W/m2-K) [52.26 | ActualU wm2k) 7 141.77
Tube h (W/m2-K) "12505 | Required U wm2k) 7 135.05
Hot regime --) Sens. Gas | Total duty (MM kl/hr) r 93.009
Cold regime (--) Sens. Liquid | Eff. area (m2) r 3488.1
EMTD (Deg C) ¥ 54.8 | Overdesign %) 4,98
Shell Geometry Baffle Geometry
TEMA type --) BEM | Baffle type None
Shell ID (mm) 5$500.0 | Baffle cut (Pct Dia.)
Series (--) ¥ 1| Baffle orientation --)
Parallel (--) " 1| Central spacing (mm) r 14484
Orientation (deg) " 0.00 Crosspasses (--) r 1
Tube Geometry Nozzles
Tube type ) Plain | Shell inlet (mm) 2250.0
Tube OD (mm) 55.400 | Shell outlet mm) " 2250.0
Length (m) [4.630 | 1nlet height (mm) r 265.75
Pitch ratio ) 15000 | Outlet height (mm) 189.55
Layout (deg) " 90 | Tube inlet (mm) 1233.5
Tubecount ) 73018 | Tube outlet (mm) 12335
Tube Pass (--) "
Thermal Resistance, % Velocities, m/s Flow Fractions
Shell " 93.11 Min  Max A
Tube ¥ 1.45 |Tubeside ¥ o328" 328 B " 0.985
Fouling ¥ 3.23 |Crossflow - - C r 0.015
Metal ¥ 221 |Longitudinal " 33.327  40.90 E
F




261

Final Results Page 5
Released to the following company:
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Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Process Data Hot Shellside Cold Tubeside Shellside Performance

Fluid name 02 Produk SOEC Sea Water Nom vel, X-flow/window 0.00/34.22

Fluid condition Sens. Gas Sens. Liquid

Total flow rate (kg/hr) 7 750345 7 L1let7 Flow fractions for heat transfer 0.990

Weight fraction vapor, In/Out (--) " 1.0000 1.0000 [ 0.0000 0.0000 B=0.9851 C=0.0149

Temperature, In/Out (DegC)”  170.00 4700 [ 3210 34.07

Skin temperature, Min/Max (Deg C) Y338 5318 [ 3234 35.87 Shellside Heat Transfer Corrections

Wall temperature, MinMax ~ (Deg C)”  32.96 128 [ 36 3831

Pressure, In/Average (keflem2G)”  0.900 0779 [ 5.000 4.465 Total ~ Beta Gamma End Fin

Pressure drop, Total/Allowed (kgfem2)” 0,241 0500 [ 1.069 1500 |7 09817 0.920” 1.066 ” 1.0007  1.000

Velocity, Mid/Max allow (m/s) Y 3448 r 3.28 Pressure Drops (Percent of Total)

(Mole fraction inert/Boiling rang (Deg C) 0.0000 1.87e-3 Cross Window  Ends  Nozzle Shell  Tube

Average film coef. (W/m2-K) 715226 To12s505 |7 0.007  71.657 840 Inlet” 1039”7 3.46

Heat transfer safety factor (=) 7 1.0000 7 10000 | MOMENTUM 7 000 oOutlet” 956" 221

Fouling resistance (m2-K/W) 70.000100 70000100 Two-Phase Parameters

Overall Performance Data Method Inlet Center Outlet Mix F

Overall coef., Reqd/Clean/Actual (Wm2-K)” 13505 /7 14650 /7 14177

Total Duty, Calculated/Specified (MM kJ/hr)' 93.009 /

[Effective overall temperature difference (Deg C)' 54.8 H. T. Parameters Shell Tube

EMTD = (MTD) * (DELTA) * (F/G/H) (DegC)” 550 * 709964 * "1.0000 Overall wall correction
Midpoint Prandtl no. " oon” 525
Midpoint Reynolds no. 7 967317 86367

See Runtime Messages Report for 1 1 Bundle inlet Reynolds no. 7 61879”85583

warnings. Bundle outlet  Reynolds no. " 781477 88826
Fouling layer (mm)

Exchanger Fluid Volumes ; ; Thermal Resistance, %
v

Approximate shellsid (L) 51763 Shell Tube Fouling MetalDver Des
Approximate tubesid(L) 7 50210 v 93117 1457 3237 2217 498
Shell Construction Information Total fouling resistance  (m2-K/W) 7 2.28e-4
TEMA shell type BEM Shell ID (mm) 7 2500.0 | Differential resistance (m2-K/W) 7 35le-4
Shells Series 4 1 Parallel 1 Total area m2) 7 35233 Shell Nozzles
Passes Shell 4 1 Tube i Eff. area (m2/shell) 734881 Inlet at channel end No
Shell orientation angle (deg) .00
Impingement present No Liquid
Pairs seal strips ) Passlane seal rods (mm) 0.000 No. 0 Inlet Outlet Outlet
Shell expansion joint No Rear head support plate No Number at each position v 17 17 0
Weight estimation Wet/Dry/Bundle Y 171435 /7 69508 /7 43363 (kg/shell) Diameter (mm) 7 2250.07 22500
Velocity (mss) 7 34547 2844
Pressure drop (kgf/cm2) 700257 0.023
Height under nozzle (mm) 7 265.757 189.55
Baffle Information Nozzle R-V-SQ (kg/m-s2) ¥ 1810.87 1490.9
Type None Baffle cut (% dia) Shell ent. (kg/m-s2) 7 5209.57 5475.1
(Crosspasses/shellpass v 1 No. Pct Area) (mm)to C.L
(Central spacing (mm)' 14484 "1 Inlet Outlet Liquid
Inlet spacing (mm)' 0.000 "2 Tube Nozzle RADIAL RADIAL Outlet
Outlet spacing (mm)”  0.000 Diameter (mm) 7 123357 12335
Baffle thickness (mm)”  0.000 Velocity ms) ¥ 2577 257
Use deresonating baffles No Pressure drop (kgf/cm2) 700377 0.024
Nozzle R-V-SQ (kg/m-s2) 7 6598.47  6608.5
Tube Information Annular Distributor Inlet  Outlet
Tube type Plain Tubecount per shell 73018 Length (mm)
Overall length (m) 7 14.630 Pct tubes removed (both) 4 8.82 || Height (mm)
Effective length (m) " 14.484 Outside diameter (mm) 7 25.400 Slot area (mm?2)
Total tubesheet (mm) Y 146.05 ‘Wall thickness (mm) 72769 Diametral Clearances (mm)
Area ratio (out/in) ¥ 12788 Pitch (mm) 38.100 Ratio ©  1.5000 Baffle-to-shell Bundle-to-shell Tube-to-baffle
Tube metal Titanium-grade 2 2 Tube pattern (deg) 4 90 71113 7 19.292 7 0.0000
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Externally Enhanced Tube Geometry Internally Enhanced Tube Geometry
Type Plain Type None
Fin density  (fin/meter) Thickness (mm)
Fin height (mm) Pitch (L/D)
Fin thickness (mm)
Root diameter (mm)
Area/length (m2/m)

Mean Metal Temperatures
Mean shell temperature 8715 ©)
Tubesheet temperature T98.89 ©)
Mean tube metal temperature in each tubepass, (C)

Tube Pass Inside OQOutside Radial
1 ¥ 3454 "35757 3520

4
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Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Hot Shellside Fluid Inlet Outlet
Fluid name 02 Produk SOEC
Flow (kg/hr)[ 750345
Temperature (©) " 170.00 4700
Pressure (kgf/em2G) " 0.900 " 0659
Weight fraction vapor (--) " 1.0000 " 1.0000
Vapor Properties
Flow (kg/hr) ¥ 750345 ¥ 750345
Density (kg/m3) ¥ o15176 ¥ 1.8400
Viscosity (cP) ¥ 0.0256 ¥ 0.0203
Conductivity (W/m-K) ¥ 0.0359 ¥ 0.0275
Heat capacity (kl/kg-C) oo ¥ 09938
Molecular weight () ¥ 29500 ¥ 29.500
Liquid Properties

Flow (kg/hr) ¥ 0.0000 ¥ 0.0000
Density (kg/m3) "1055.7 " 10565
Viscosity (cP) " o554 ¥ 57940
Conductivity (W/m-K) ¥ 04873 ¥ 04846
Heat capacity (kl/kg-C) ¥ o43917 ¥ 43047
Molecular weight ) ¥ o18.017 ¥ 18016
Latent heat (KJ/kg) ¥ 23636 ¥ 23996
Surface tension (dyne/cm) ¥ 83563 o8

Molar Composition MW, Vapor Liquid K-Value Vapor Liquid K-Value
(1 Nitrogen 72801 06428 137e4” 47052[ 0.64287 1.28e-4” 50224
(2 Oxygen 73200 034927 2.72e-77 1281720 034927 2.28¢-7" 1530948
(3 Argon ¥39.95f 000767 1.3e-11"7 6.12e+8] 0.0076" 10e-127 7.68¢+8
(4 CO2 T 4401 24847 287e-6" 86.433[ 2.48¢-4" 2.70e-6"  91.890
(5 H20 " 18.02] 826e-57 099997 8.26e-5[ 8.26e-5"7 0.9999" 8.26e-5

Mass Composition Vapor  Liquid Vapor  Liquid
(1 Nitrogen © 061047 2.12¢-4 " 061047 1.99¢-4
(2 Oxygen " 0.3788" 4.84¢-7 " 0.3788" 4.05e-7
(3 Argon © 001047 2.8e-11 © 001047 2.2e-11
4 CO2 ' 3.70e-4"  7.00e-6 F 3.70e-47  6.58¢-6
(5 H20 " 5.04e-57  0.9998 F 5.04e-57  0.9998




264

Stream Properties Page 42
Released to the following company:

Tugas Akhir
Xist 9 (32 bit) 24-Dec-25 22:22 SN:46639- Customs Units
02 sebelum di Vent ke atmosfer
02 Produk SOEC : 204-C2
Rating - Horizontal Countercurrent Flow TEMA BEM Shell With No Baffles

Cold Tubeside Fluid Inlet Outlet
Fluid name Sea Water
Flow (kg/hr)[ 1.11e+7
Temperature (©) " 300 "o34.07
Pressure (kgf/em2G) ¥ 5.000 Y3931
Weight fraction vapor (=) " 0.0000 " 0.0000
Vapor Properties
Flow (kg/hr) ¥ 0.0000 ¥ 0.0000
Density (kg/m3) "o3.0785 "o2.5647
Viscosity (cP) " 00142 ¥ 0.0139
Conductivity (W/m-K) " 0.0293 " 0.0287
Heat capacity (kl/kg-C) ¥ 1.9892 "o1.9745
Molecular weight () ¥ 18015 ¥ 18015
Liquid Properties
Flow (kg/hr) " Lllet7 " Lllet7
Density (kg/m3) " o1002.1 " 1000.6
Viscosity (cP) " 07626 To0.7327
Conductivity (W/m-K) ¥ o0e12 " 0.6238
Heat capacity (kl/kg-C) ¥o43131 ¥ 43136
Molecular weight () ¥ 18015 ¥ 18015
Latent heat (kJ/kg) ¥ 21102 ¥o21333
Surface tension (dyne/cm) ¥ 70.869 Y 70.527
Molar Composition Vapor Liquid K-Value Vapor Liquid K-Value
, .
1
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Output Summary
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Feed Heater : 301-C

Xist 9 (32 bit) 24-Dec-25 22:15 SN: 46639-

Customs Units

Rating - Horizontal Cocurrent Flow TEMA BEM Shell With Rod-type Baftles

No Data Check Messages.

See Runtime Message Report for Warning Messages.

Process Conditions Cold Shellside Hot Tubeside
Fluid name Syngas Inlet Reactor Outlet
Total flow rate (kg/hr) ¥ 221329 r 221327
Inlet/Outlet Y (Wt. frac vap.) I 0000 1.0000 71.0000 1.0000
Inlet/Outlet T (Deg C) 750.65 170.00 7490.16 364.83
Inlet P/Avg (kegf/cm2G) I55.00 154.85 7154.50 154.39
dP/Allow. (kgflem2) "0.301 0.500 " 0.226 0.500
Fouling (m2-K/W) 0.000100 0.000100
Exchanger Performance

Shell h (W/m2-K) [593.8 | ActualU wm2k) 7 792.08
Tube h (W/m2-K) 5516.5 | Required U wm2k) 7 694.38
Hot regime (--) Sens. Gas | Total duty (MM kl/hr) r 90.314
Cold regime (--) Sens. Gas | Eff. area (m2) r 119.79
EMTD (Deg C) "301.6 | Overdesign %) 14.07

Shell Geometry Baffle Geometry
TEMA type --) BEM | Baffle type Rods
Shell ID (mm) l100.0 | Baffle cut (Pct Dia.)
Series (--) ¥ 1| Baffle orientation --)
Parallel (--) " 1| Central spacing (mm) r 300.00
Orientation (deg) " 0.00 Crosspasses (--) r 9

Tube Geometry Nozzles
Tube type (--) Plain | Shell inlet (mm) 387.35
Tube OD (mm) 55.400 | Shell outlet mm) " 254.51
Length (m) 74877 | Inlet height (mm) r 124.55
Pitch ratio ) 15000 | Outlet height (mm) 175.35
Layout (deg) " 90 | Tube inlet (mm) " 387.35
Tubecount ) " 510 | Tube outlet (mm) 254.51
Tube Pass (--) "

Thermal Resistance, % Velocities, m/s Flow Fractions
Shell " 49.70 Min Max A
Tube ¥ 32.92 |Tubeside 876" 1038 B
Fouling ¥ 16.21 |Crossflow - - C
Metal ¥ 1.17 |Longitudinal " 2.107 = 2.82 E
F
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Feed Heater : 301-C
Rating - Horizontal Cocurrent Flow TEMA BEM Shell With Rod-type Baffles
Process Data Cold Shellside Hot Tubeside Shellside Performance
Fluid name Syngas Inlet Reactor Outlet || Nom vel, X-flow/window 0.00/2.51
[Fluid condition Sens. Gas Sens. Gas
Total flow rate (kg/hr) 7 221329 7 21327 Flow fractions for heat transfer
Weight fraction vapor, In/Out -7 1.0000 1.0000 [ 1.0000 1.0000
Temperature, In/Out (DegC)”  50.65 170.00 [ 490.16 364.83
Skin temperature, Min/Max (Deg C) 7 265.89 271.88 [ 300.47 346.64 Shellside Heat Transfer Corrections
Wall temperature, Mi/Max ~ (Deg C)”  281.65 30595 [ 283.98 310.99
Pressure, In/Average (kgf/cmZG)' 155.00 15485 [ 154.50 154.39 Total Beta Gamma End Fin
Pressure drop, Total/Allowed (kgf/em2)”  0.301 0500 [ 0.226 0500 |7 09857 0.920”7 1.070 7 1.0007  1.000
Velocity, Mid/Max allow (m/s) r 2.51 r 9.47 Pressure Drops (Percent of Total)
Mole fraction inert (--) 0.0000 Cross  Window Ends  Nozze Shell  Tube
Average film coef. (W/m2-K) 715938 " o2s165 |7 000" 2347 026 Inlet”  18.58" 18.88
Heat transfer safety factor (=) 7 1.0000 7 10000 | MOMENTUM 7 000 Outlet” 78837 5229
Fouling resistance (m2-K/W) 70.000100 70000100 Two-Phase Parameters
Overall Performance Data Method Inlet Center Outlet Mix F
Overall coef., Reqd/Clean/Actual (Wm2-K)” 69438 /7 94527 /7 792.08
Total Duty, Calculated/Specified (MM kJ/hr)' 90.314 /
[Effective overall temperature difference (Deg C)' 301.6 H. T. Parameters Shell Tube
EMTD = (MTD) * (DELTA) * (F/G/H) (DegC)”  301.6 * 7 1.0000 * "1.0000 Overall wall correction 7 0842”7  1.000
Midpoint Prandtl no. " o03s" 04
| Midpoint Reynolds no. :335256: 301794
See Runtime Messages Report for Bundle inlet Reynolds no. 195774" 279078
warnings. Bundle outlet  Reynolds no. 7 1534557 321529
. . Fouling layer (mm)
Exchanger Fluid Volumes Thermal Resistance, %
Approximate shellsid (L) Y 27776 T Shell Tube Fouling MetalDver Des
Approximate tubesid(L) 7 3593.7 v 49707 32927 16217 1177 1407
Shell Construction Information Total fouling resistance  (m2-K/W) 7 2.05e-4
TEMA shell type BEM Shell ID (mm) 1100.0 | Differential resistance (m2-K/W) 7 1.78¢-4
Shells Series 1 Parallel 1 Total area (m2) 198.47 Shell Nozzles
Passes Shell 4 1 Tube i Eff. area (m2/shell) 119.79 Inlet at channel end No
Shell orientation angle (deg) .00
Impingement present Circular plate Impingement diameter/nozzle 1.1000 Liquid
Pairs seal strips il Passlane seal rods (mm) 0.000 No. 0 Inlet Outlet Outlet
Shell expansion joint Yes Rear head support plate No Number at each position v 17 17 0
Weight estimation Wet/Dry/Bundle " 120713 /7 114344 /7 11680 (kg/shell) Diameter (mm) 7 387.357 254.51
Velocity (mss) 7 10987 34.80
Pressure drop (kgf/cm2) 700567 0237
Height under nozzle (mm) 7 124557 175.35
Baffle Information Nozzle R-V-SQ (kg/m-s2) ¥ 572657 42060
Type Rods Baffle cut (% dia) Shell ent. (kg/m-s2)
(Crosspasses/shellpass v 9 No. Pct Area) (mm)to C.L
(Central spacing (mm)~  300.00 "1 Inlet Outlet Liquid
Ring ID (mm)” 1060.4 "2 Tube Nozzle AXIAL AXIAL Outlet
ROD OD (mm)” 12.700 Diameter (mm) 7 387.357 254.51
Ring Thickness (mm)”  16.610 Velocity ms) ¥ 20927 4056
Use deresonating baffles No Pressure drop (kgf/cm2) " 0043”7 0118
Nozzle R-V-SQ (kg/m-s2) 7 109137 49010
Tube Information Annular Distributor Inlet  Outlet
Tube type Plain Tubecount per shell 4 510 [ Length (mm)
Overall length (m) To4877 Pct tubes removed (both) To1542 Height (mm)
Effective length (m) Y2043 Outside diameter (mm) 7 25.400 Slot area (mm?2)
Total tubesheet (mm)' 1933.6 ‘Wall thickness (mm)' 0.559 Diametral Clearances (mm)
Area ratio (out/in) ¥ 1.0460 Pitch (mm) 38.100 Ratio ©  1.5000 Baffle-to-shell Bundle-to-shell Tube-to-baffle
Tube metal SA-214 Tube (W) K01807 Tube pattern (deg) 90 7 63500 7 39.569 7 0.0000
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Feed Heater : 301-C
Rating - Horizontal Cocurrent Flow TEMA BEM Shell With Rod-type Baffles

Externally Enhanced Tube Geometry Internally Enhanced Tube Geometry
Type Plain Type None
Fin density  (fin/meter) Thickness (mm)
Fin height (mm) Pitch (L/D)
Fin thickness (mm)
Root diameter (mm)
Area/length (m2/m)

Mean Metal Temperatures
Mean shell temperature T17.04 ©)
Tubesheet temperature 520.00 ©)
Mean tube metal temperature in each tubepass, (C)

Tube Pass Inside Outside Radial

d 1 ¥ 29555  %592.027 293.76
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Feed Heater : 301-C
Rating - Horizontal Cocurrent Flow TEMA BEM Shell With Rod-type Baffles

Hot Tubeside Fluid Inlet Outlet
Fluid name Reactor Outlet
Flow (kg/hr)[” 21327
Temperature (©) " 490.16 "o364.83
Pressure (kgf/em2G) ¥ 154.50 To154.27
Weight fraction vapor (=) ¥ 1.0000 ¥ 1.0000
Vapor Properties
Flow (kg/hr) "o221327 "o221327
Density (kg/m3) " 2404 " 29798
Viscosity (cP) ¥ 0.0228 ¥ 0.019
Conductivity (W/m-K) " 0.1800 o052
Heat capacity (kl/kg-C) ¥ 32965 "o32144
Molecular weight ) ¥ 10726 " 10726
Liquid Properties

Flow (kg/hr) - -
Density (kg/m3) -- --
Viscosity (cP) -- --
Conductivity (W/m-K) -- --
Heat capacity (kJ/kg-C) -- --
Molecular weight (--) -- --
Latent heat (kJ/kg) -- --
Surface tension (dyne/cm) -- --

Molar Composition MW, Vapor Liquid K-Value Vapor Liquid K-Value
[ 1 Hydrogen " 20 056817  0.0000 [ 056817  0.0000 -
(2 Nitrogen 72801 020207 0.0000 ~ 020207 0.0000 -
(3 Argon " 39.95( 2.47¢-4”  0.0000 [ 247e-4"  0.0000 -
(4 Ammonia "17.03] 022977  0.0000 ~ 02297"  0.0000 -

Mass Composition Vapor  Liquid Vapor  Liquid
(1 Hydrogen " 0.10687  0.0000 " 010687  0.0000
(2 Nitrogen © 052777 0.0000 " 052777 0.0000
(3 Argon " 9.21e-4”  0.0000 " 9.21e-4”  0.0000
(4 Ammonia " 036467 0.0000 © 036467 0.0000
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Feed Heater : 301-C
Rating - Horizontal Cocurrent Flow TEMA BEM Shell With Rod-type Baffles

Cold Shellside Fluid Inlet Outlet
Fluid name Syngas Inlet
Flow (kg/hr)[” 221329
Temperature (©) " 5065 " 170.00
Pressure (kgf/em2G) ¥ 155.00 ¥ 15470
Weight fraction vapor (=) ¥ 1.0000 ¥ 1.0000
Vapor Properties
Flow (kg/hr) "221329 ¥ 221329
Density (kg/m3) o415 "o34723
Viscosity (cP) ¥ 0.0120 " 0.0154
Conductivity (W/m-K) " 01193 ¥ 0.1480
Heat capacity (kl/kg-C) ¥o34475 ¥ 34055
Molecular weight () ¥ 8.8092 ¥ 8.8092
Liquid Properties

Flow (kg/hr) - -
Density (kg/m3) -- --
Viscosity (cP) -- --
Conductivity (W/m-K) -- --
Heat capacity (kJ/kg-C) -- --
Molecular weight (--) -- --
Latent heat (kJ/kg) -- --
Surface tension (dyne/cm) -- --

Molar Composition MW, Vapor Liquid K-Value Vapor Liquid K-Value
[ 1 Hydrogen " 202 073467  0.0000 [ 0.7346"  0.0000 -
(2 Nitrogen " 2801 025537  0.0000 - 025537  0.0000 -
(3 Argon "39.95( 2.03e-4”  0.0000 [ 2.03e-4"  0.0000 -
(4 Ammonia "17.03]  0.00997  0.0000 ~ 0.009" 0.0000 -

Mass Composition Vapor  Liquid Vapor  Liquid
(1 Hydrogen " 016817 0.0000 " 016817  0.0000
(2 Nitrogen " 081187  0.0000 " 081187  0.0000
(3 Argon " 9.21e-4”  0.0000 " 9.21e-4”  0.0000
(4 Ammonia © 001927  0.0000 © 001927  0.0000
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Ttemno.

TEMA type

Shell ID

Actual OTL

Height under inlet nozle
Height under outlet nozzle
Tube type

Tube CD

Tube pitch

Tube layout angle
Tubes

Tube positions available
Tie

Seal strip pairs

Tube Passes

Baffle cut % diameter

TUBEPASS CETALS
Pass  Rows Tubes
i } 21 510

SYMBOL LEGEND

Tube

Durrry Short Tube
Durrrry Long Tube
Plugged Tube

Tie Rod

Seal Rod
Imrpingerrent Rod

BRSO ERC

301-C

BEM
1100.0 mm
1060.4 mm
124.55 mm
175.35 mm

Plain
25,400 mm
38.100 mm
90 deg

510

510

8

1

1

25
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See Data Check Messages Report for Warning Messages.
See Runtime Message Report for Warning Messages.

Process Conditions Cold Shellside Hot Tubeside
Fluid name BFW Syngas Outlet Feed Heater
Total flow rate (kg/hr) ¥ 159025 r 221327
Inlet/Outlet Y (Wt. frac vap.) §.0000 0.0000 71.0000 1.0000
Inlet/Outlet T (Deg C) Ms.00 331.47 7490.16 230.00
Inlet P/Avg (kegf/cm2G) I55.00 154.98 7154.50 154.39
dP/Allow. (kgflem2) 70.035 0.500 " 0.225 0.500
Fouling (m2-K/W) 0.000100 0.000100
Exchanger Performance

Shell h (W/m2-K) £7.77 | ActualU wm2k) 7 347.22
Tube h (W/m2-K) [828.9 | Required U wm2k) 7 305.81
Hot regime --) Sens. Gas | Total duty (MM kl/hr) r 184.15
Cold regime (--) Sens. Liquid | Eff. area (m2) r 1337.1
EMTD (Deg C) "125.1 Overdesign (%) Y 13.54

Shell Geometry Baffle Geometry
TEMA type --) NEN | Baffle type None
Shell ID (mm) 5$400.0 | Baffle cut (Pct Dia.)
Series (--) ¥ 1| Baffle orientation --)
Parallel (--) " 1| Central spacing (mm) r 4823.2
Orientation (deg) " 0.00 Crosspasses (--) r 1

Tube Geometry Nozzles
Tube type () Plain | Shell inlet (mm) 25451
Tube OD (mm) 55.400 | Shell outlet mm) " 202.72
Length (m) 76706 | Tnlet height (mm) r 32.455
Pitch ratio ) 15000 | Outlet height (mm) 32.455
Layout (deg) ¥ 30 | Tube inlet (mm) 438.15
Tubecount ) 73474 | Tube outlet (mm) 254.51
Tube Pass (--) "

Thermal Resistance, % Velocities, m/s Flow Fractions
Shell ¥ 41.95 Min Max A
Tube ¥ 39.16 |Tubeside " 395" 612 B r 0.982
Fouling ¥ 10.63 |Crossflow - - C r 0.018
Metal ¥ 8.26 |Longitudinal "1.72e-2"7 2.38¢-2 E
F
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BFW heater : 302-C
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Process Data Cold Shellside Hot Tubeside Shellside Performance
Fluid name BFW gas Outlet Feed Heater Nom vel, X-flow/window 0.00/1.92e-2
Fluid condition Sens. Liquid Sens. Gas
Total flow rate (kg/hr) 7 159025 7 21327 Flow fractions for heat transfer 0.987
Weight fraction vapor, In/Out (--) 7 0.0000 0.0000 [ 1.0000 1.0000 B=0.9818 C=0.0182
Temperature, In/Out (Deg C) " 115.00 33147 [ 490.16 230.00
Skin temperature, Min/Max (Deg C) 7 17299 38724 [ 192.87 418.73 Shellside Heat Transfer Corrections
Wall temperature, MizMax ~ (Deg C)7  176.65 393.03 [ 18533 406.79
Pressure, In/Average (kgf/cmZG)' 155.00 15498 [ 154.50 154.39 Total Beta Gamma End Fin
Pressure drop, Total/Allowed (kgfem2)”  0.035 0500 [ 0.225 0500 |” 0982”7 0.920” 1.068 7 1.0007 1.000
Velocity, Mid/Max allow (m/s) 7 1.94e2 r 4.90 Pressure Drops (Percent of Total)
Mole fraction inert (--) 0.0000 Cross  Window Ends  Nozze Shell  Tube
Average film coef. (W/m2-K) T 827.77 " o18289 |7 0.00" 0137 002 Inlet” 24907 17.35
Heat transfer safety factor (=) 7 1.0000 7 10000 | MOMENTUM 7000 Outlet” 74957 60.94
Fouling resistance (m2-K/W) 70.000100 70000100 Two-Phase Parameters
Overall Performance Data Method Inlet Center Outlet Mix F
Overall coef., Reqd/Clean/Actual (Wm2-K)” 30581 /7 38854 /7 347.22
Total Duty, Calculated/Specified (MM kJ/hr)' 184.15 /
[Effective overall temperature difference (Deg C)' 125.1 H. T. Parameters Shell Tube
EMTD = (MTD) * (DELTA) * (F/G/H) (DegC)” 1253 * 7 0.9987 * "1.0000 Overall wall correction 7 1031”7 1.000
Midpoint Prandtl no. " 093" 040
. \ Midpoint Reynolds no. " 4004”7 94614
See Runtime Messages Report for Bundle inlet Reynolds no. 71709”81369
warnings. Bundle outlet  Reynolds no. 751557 110645
Fouling layer (mm)
Exchanger Fluid Volumes Thermal Resistance, %
Approximate shellsid (L) T 9334 Shell Tube Fouling MetalDver Des
Approximate tubesid(L) 7 87266 ! ' v 41957 39.16" 1063 7 826" 1354
Shell Construction Information Total fouling resistance  (m2-K/W) 7 3.06e-4
TEMA shell type NEN Shell ID (mm) " 2400.0 | Differential resistance (m2-K/W) 7 39e-4
Shells Series 1 Parallel 1 Total area m2) 7 1859.0 Shell Nozzles
Passes Shell 4 1 Tube i Eff. area (m2/shell) 1337.1 Inlet at channel end No
Shell orientation angle (deg) .00
Impingement present No Liquid
Pairs seal strips ) Passlane seal rods (mm) 0.000 No. 0 Inlet Outlet Outlet
Shell expansion joint No Rear head support plate No Number at each position 17 17 0
Weight estimation Wet/Dry/Bundle 73334914 / 7 3257017 /7 224508 (kg/shell) Diameter (mm) 7 254517 202.72
Velocity msis) 70927 206
Pressure drop (kgf/cm2) 78.78¢-37  0.026
Height under nozzle (mm) 7 32.4557 32.455
Baffle Information Nozzle R-V-SQ (keg/m-s2) ¥ 800.087 2824.6
Type None Baffle cut (% dia) Shell ent. (kg/m-s2) " 128127 32558
(Crosspasses/shellpass v 1 No. Pct Area) (mm)to C.L
(Central spacing (mm)' 4823.2 "1 Inlet Outlet Liquid
Inlet spacing (mm)' 0.000 "2 Tube Nozzle RADIAL RADIAL Outlet
Outlet spacing (mm)”  0.000 Diameter (mm) 7 438.157 254.51
Baffle thickness (mm)”  0.000 Velocity mvs) ¥ 17.077  31.80
Use deresonating baffles No Pressure drop (kgf/cm2) 7 00397 0137
Nozzle R-V-SQ (kg/m-s2) 7 6960.87 38427
Tube Information Annular Distributor Inlet  Outlet
Tube type Plain Tubecount per shell T 3474 Length (mm)
Overall length (m)' 6.706 Pct tubes removed (both) 4 0.32 || Height (mm)
Effective length (m) Y4823 Outside diameter (mm) 7 25.400 Slot area (mm?2)
Total tubesheet (mm)' 1882.8 ‘Wall thickness (mm)' 6.543 Diametral Clearances (mm)
Area ratio (out/in) Y 20627 Pitch (mm) 38.100 Ratio ”  1.5000 Baffle-to-shell Bundle-to-shell Tube-to-baffle
Tube metal SA-214 Tube (W) K01807 Tube pattern (deg) 30 711113 7 18.861 7 0.0000
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BFW heater : 302-C
Rating - Horizontal Countercurrent Flow TEMA NEN Shell With No Baffles

Externally Enhanced Tube Geometry Internally Enhanced Tube Geometry
Type Plain Type None
Fin density  (fin/meter) Thickness (mm)
Fin height (mm) Pitch (L/D)
Fin thickness (mm)
Root diameter (mm)
Area/length (m2/m)

Mean Metal Temperatures
Mean shell temperature 526.90 ©)
Tubesheet temperature 500.00 ©)
Mean tube metal temperature in each tubepass, (C)

Tube Pass Inside Outside Radial

d 1 ¥ 29366 583.327 287.29
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BFW heater : 302-C
Rating - Horizontal Countercurrent Flow TEMA NEN Shell With No Baffles

Hot Tubeside Fluid Inlet Outlet
Fluid name Syngas Outlet Feed Heater
Flow (kg/hr)[” 21327
Temperature (©) " 490.16 " 230.00
Pressure (kgf/em2G) ¥ 154.50 " o154.8
Weight fraction vapor (=) ¥ 1.0000 ¥ 1.0000
Vapor Properties
Flow (kg/hr) "o221327 "o221327
Density (kg/m3) "o23.885 " 38.005
Viscosity (cP) ¥ 0.0227 " 0.0164
Conductivity (W/m-K) " 01802 " o0132
Heat capacity (kl/kg-C) " 30877 "o31579
Molecular weight ) ¥ 10726 " 10726
Liquid Properties

Flow (kg/hr) - -
Density (kg/m3) -- --
Viscosity (cP) -- --
Conductivity (W/m-K) -- --
Heat capacity (kJ/kg-C) -- --
Molecular weight (--) -- --
Latent heat (kJ/kg) -- --
Surface tension (dyne/cm) -- --

Molar Composition MW, Vapor Liquid K-Value Vapor Liquid K-Value
[ 1 Hydrogen " 20 056817  0.0000 [ 056817  0.0000 -
(2 Nitrogen 72801 020207 0.0000 ~ 020207 0.0000 -
(3 Argon " 39.95( 2.47¢-4”  0.0000 [ 247e-4"  0.0000 -
(4 Ammonia "17.03] 022977  0.0000 ~ 02297"  0.0000 -

Mass Composition Vapor  Liquid Vapor  Liquid
(1 Hydrogen " 0.10687  0.0000 " 010687  0.0000
(2 Nitrogen © 052777 0.0000 " 052777 0.0000
(3 Argon " 9.21e-4”  0.0000 " 9.21e-4”  0.0000
(4 Ammonia " 036467 0.0000 © 036467 0.0000
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BFW heater : 302-C
Rating - Horizontal Countercurrent Flow TEMA NEN Shell With No Baffles

Cold Shellside Fluid Inlet Outlet
Fluid name BFW
Flow (kg/hr)[ 159025
Temperature (©) " o115.00 "o33147
Pressure (kgf/em2G) ¥ 155.00 " 154,97
Weight fraction vapor (=) " 0.0000 " 0.0000
Vapor Properties
Flow (kg/hr) - -
Density (kg/m3) -- --
Viscosity (cP) -- --
Conductivity (W/m-K) -- --
Heat capacity (kJ/kg-C) -- --
Molecular weight (--) -- --
Liquid Properties
Flow (kg/hr) ¥ 159025 ¥ 159025
Density (kg/m3) " 04234 " 663.18
Viscosity (cP) ¥ 0.2406 ¥ 0.0798
Conductivity (W/m-K) ¥ 0.6856 ¥ 04790
Heat capacity (kl/kg-C) ¥ 43971 ¥ 97006
Molecular weight () ¥ 18015 ¥ 18015
Latent heat (kJ/kg) -- --
Surface tension (dyne/cm) Y5572 Y 73136
Molar Composition Vapor Liquid K-Value Vapor Liquid K-Value
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Itemno. 302-C
TEMA type NEN
Shell ID 2400.0 mm
Actual QTL 238L1mm
Height under inlet nozzle 52.455 mm
Height under outlet rozsle  32.455 mm
Tube type Plain
Tube 0D 25.400 mm
Tube pitch 38.100 mm
Tube layout angle 30deg
bes 3474
Tube posttions avaiable 3474
Tie rods 12
Seal strp pairs o
Tube Passes 1

TUBEPASS CETALS
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Rating - Horizontal Countercurrent Flow TEMA NEN Shell With No Baftles

Customs Units

See Data Check Messages Report for Warning Messages.
See Runtime Message Report for Warning Messages.

Process Conditions Cold Shellside Hot Tubeside
Fluid name Cooling Water Product Inlet Cooler
Total flow rate (kg/hr) ¥ 3407833 r 221327
Inlet/Outlet Y (Wt. frac vap.) §.0000 0.0000 71.0000 0.9194
Inlet/Outlet T (Deg C) "33.00 43.00 7230.00 45.00
Inlet P/Avg (kgf/em2G) 74.500 4.448 7155.00 154.90
dP/Allow. (kgflem2) 70.104 0.500 " 0.204 0.500
Fouling (m2-K/W) 0.000100 0.000100
Exchanger Performance

Shell h (W/m2-K) ¥594.6 | ActualU wm2k) 7 609.18
Tube h (W/m2-K) M176.8 | Required U wm2k) 7 541.68
Hot regime --) Wet Wall | Total duty (MM kl/hr) r 147.09
Cold regime (--) Sens. Liquid | Eff. area (m2) r 1637.2
EMTD (Deg C) ¥ 46.1 Overdesign (%) r 12.46

Shell Geometry Baffle Geometry
TEMA type --) NEN | Baffle type None
Shell ID (mm) 5150.0 | Baffle cut (Pct Dia.)
Series (--) ¥ 1| Baffle orientation --)
Parallel (--) " 1| Central spacing (mm) r 5308.6
Orientation (deg) " 0.00 Crosspasses (--) r 1

Tube Geometry Nozzles
Tube type (--) Plain | Shell inlet (mm) 1136.7
Tube OD (mm) 55.400 | Shell outlet mm) " 1136.7
Length (m) 76.096 | Inlet height (mm) r 127.42
Pitch ratio ) 12500 | Outlet height (mm) 127.42
Layout (deg) ¥ 30 | Tube inlet (mm) " 336.55
Tubecount ) 73865 | Tube outlet (mm) 202.72
Tube Pass (--) "

Thermal Resistance, % Velocities, m/s Flow Fractions
Shell " 1326 Min Max A
Tube ¥ 68.11 |Tubeside " oo084” 139 B r 0.962
Fouling ¥ 14.11 |Crossflow - - C r 0.038
Metal ¥ 452 |Longitudinal " 0567  0.57 E
F
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Syngas Cooler : 303-C
Rating - Horizontal Countercurrent Flow TEMA NEN Shell With No Baffles
Process Data Cold Shellside Hot Tubeside Shellside Performance
Fluid name Cooling Water Product Inlet Cooler Nom vel, X-flow/window 0.00/0.57
Fluid condition Sens. Liquid Cond. Vapor
Total flow rate (kg/hr) 7 3407833 7 21327 Flow fractions for heat transfer 0.974
Weight fraction vapor, In/Out (--) 7 0.0000 0.0000 [ 1.0000 0.9194 B=0.9624  C=0.0376
Temperature, In/Out (DegC)”  33.00 43.00 [ 230.00 45.00
Skin temperature, Min/Max (Deg C) Y3539 5775 [ 3856 80.48 Shellside Heat Transfer Corrections
Wall temperature, MiMax ~ (Deg C)7  36.43 65.18 [ 37.19 70.70
Pressure, In/Average (keflem2G)”  4.500 4448 [ 155.00 154.90 Total ~ Beta Gamma End Fin
Pressure drop, Total/Allowed (kgfem2)”  0.104 0500 [ 0.204 0500 |” 0982”7 0.920” 1.068 7 1.0007 1.000
Velocity, Mid/Max allow (m/s) r 0.57 r 0.97 Pressure Drops (Percent of Total)
Mole fraction inert (--) 0.0000 Cross  Window Ends  Nozze Shell  Tube
Average film coef. (W/m2-K) 7 4594.6 o768 |7 0.007 55877 614 Inlet”  18.98” 29.82
Heat transfer safety factor (=) 7 1.0000 7 10000 | MOMENTUM 000 Outlet” 19.00" 68.84
Fouling resistance (m2-K/W) 70.000100 70000100 Two-Phase Parameters
Overall Performance Data Method Inlet Center Outlet Mix F
Overall coef., Reqd/Clean/Actual Wm2-K)” 54168 /7 70924 /7 609.18 RPM Sens Gas Wet Wall Transition”  0.1957
Total Duty, Calculated/Specified (MM kJ/hr)' 147.09 /
[Effective overall temperature difference (Deg C)' 46.1 H. T. Parameters Shell Tube
EMTD = (MTD) * (DELTA) * (F/G/H) (DegC)” 461 * 709998 * "1.0000 Overall wall correction 7 oLo12
Midpoint Prandtl no. Y 401
+ Midpoint Reynolds no. 7 165237 78964
See Runtime Messages Report for Bundle inlet Reynolds no. 7 193857 65143
warnings. Bundle outlet  Reynolds no. " 235587 41194
“ - Fouling layer (mm)
Exchanger Fluid Volumes Thermal Resistance, %
Approximate shellsid (L) 7 69483 Shell Tube Fouling MetalDver Des
Approximate tubesid(L) 7 28048 ! v 13267 68.117 14117 4527 1246
Shell Construction Information Total fouling resistance  (m2-K/W) 7 2.32e-4
TEMA shell type NEN Shell ID (mm) " 21500 | Differential resistance (m2-K/W) 7 2.05e-4
Shells Series 1 Parallel 1 Total area m2) 7 1880.1 Shell Nozzles
Passes Shell 4 1 Tube i Eff. area (m2/shell) 7 16372 Inlet at channel end Yes
Shell orientation angle (deg) .00
Impingement present No Liquid
Pairs seal strips ) Passlane seal rods (mm) 0.000 No. 0 Inlet Outlet Outlet
Shell expansion joint No Rear head support plate No Number at each position 1 17 0
Weight estimation Wet/Dry/Bundle " 1109057 / 7 1074077 /7 56088 (kg/shell) Diameter mm) 7 113677 11367
Velocity mis) 70937 094
Pressure drop (kgf/cm2) 7 0.020"  0.020
Height under nozzle mm) 7 127427 127.42
Baffle Information Nozzle R-V-SQ (keg/m-s2) ¥ 869.047 875.72
Type None Baffle cut (% dia) Shell ent. (kg/m-s2) " 443897 44730
(Crosspasses/shellpass v 1 No. Pct Area) (mm)to C.L
(Central spacing (mm)' 5308.6 "1 Inlet Outlet Liquid
Inlet spacing (mm)”  0.000 "2 Tube Nozzle AXIAL AXIAL Outlet
Outlet spacing (mm)”  0.000 Diameter (mm) 7 336.557 202.72
Baffle thickness (mm)”  0.000 Velocity ms) 7 18167 2920
Use deresonating baffles No Pressure drop (kgf/em2) " 00617 0.141
Nozzle R-V-SQ (kg/m-s2) 7 125507 55628
Tube Information Annular Distributor Inlet  Outlet
Tube type Plain Tubecount per shell 7 3865 Length (mm)
Overall length (m) T 6.096 Pct tubes removed (both) 4 4.45 [ Height (mm)
Effective length (m) Y 5309 Outside diameter (mm) 7 25.400 Slot area (mm?2)
Total tubesheet (mm)' 787.40 ‘Wall thickness (mm)' 3.048 Diametral Clearances (mm)
Area ratio (out/in) ¥ 13158 Pitch (mm) 31.750 Ratio ' 1.2500 Baffle-to-shell Bundle-to-shell Tube-to-baffle
Tube metal SA-214 Tube (W) K01807 Tube pattern (deg) 30 711113 7 17.586 7 0.0000
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Externally Enhanced Tube Geometry Internally Enhanced Tube Geometry
Type Plain Type None
Fin density  (fin/meter) Thickness (mm)
Fin height (mm) Pitch (L/D)
Fin thickness (mm)
Root diameter (mm)
Area/length (m2/m)

Mean Metal Temperatures
Mean shell temperature 736.32 ©)
Tubesheet temperature 555.00 ©)
Mean tube metal temperature in each tubepass, (C)

Tube Pass Inside OQOutside Radial
1 Y o704 Tasa157 4610

4
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Syngas Cooler : 303-C
Rating - Horizontal Countercurrent Flow TEMA NEN Shell With No Baffles

Customs Units

Hot Tubeside Fluid Inlet Outlet
Fluid name Product Inlet Cooler
Flow (kg/hr)[” 21327
Temperature (©) " 230,00 " 4500
Pressure (kgf/em2G) ¥ 155.00 ¥ 154.80
Weight fraction vapor (=) ¥ 1.0000 0.9194
Vapor Properties
Flow (kg/hr) "o221327 ¥ 203478
Density (kg/m3) " 38.058 " 60.539
Viscosity (cP) ¥ 00164 " 0.0124
Conductivity (W/m-K) o032 ¥ 0.1006
Heat capacity (kl/kg-C) ¥o3.1581 "o33153
Molecular weight ) ¥ 10726 ¥ 1039
Liquid Properties

Flow (kg/hr) ¥ 0.0000 ¥ 17849
Density (kg/m3) "5t " 556.20
Viscosity (cP) " 0.0817 " 0.0912
Conductivity (W/m-K) ¥ 0.4004 " o04192
Heat capacity (kl/kg-C) ¥ 52749 ¥ 51203
Molecular weight ) ¥ 16783 ¥ 16805
Latent heat (KI/kg) ¥ 879.96 ¥ o919.73
Surface tension (dyne/cm) ¥ 18.888 Y 20.769

Molar Composition MW, Vapor  Liquid K-Value Vapor Liquid K-Value
[ 1 Hydrogen " 20 056817 002007 27204 059787 0.0189" 31.577
(2 Nitrogen " 2801 020207 000597 33992 021277 000537 40476
(3 Argon 739.95( 247¢-4" 532e-5"7 46420 2574”7 542057 47384
(4 Ammonia "17.03] 022977 097317 02360 0.18927 097587  0.1939

Mass Composition Vapor  Liquid Vapor  Liquid
(1 Hydrogen " 010687  0.0025 " 011597 0.0023
(2 Nitrogen r 052777 0.0099 " 057327  0.0088
(3 Argon F 921e-4” 1.27c-4 " 9.87c-4” 1.29¢-4
(4 Ammonia F 036467 0.9874 © 030997 0.9888
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Syngas Cooler : 303-C

Rating - Horizontal Countercurrent Flow TEMA NEN Shell With No Baffles

Customs Units

Cold Shellside Fluid Inlet Outlet
Fluid name Cooling Water
Flow (kg/hr)[ 3407833
Temperature (©) " 33.00 Y4300
Pressure (kgf/em2G) "4500 " 439
Weight fraction vapor (=) " 0.0000 " 0.0000
Vapor Properties
Flow (kg/hr) - -
Density (kg/m3) -- --
Viscosity (cP) -- --
Conductivity (W/m-K) -- --
Heat capacity (kJ/kg-C) -- --
Molecular weight (--) -- --
Liquid Properties
Flow (kg/hr) ¥ 3407833 ¥ 3407833
Density (kg/m3) " 1001.4 " 993.79
Viscosity (cP) " 07484 ¥ 0.6159
Conductivity (W/m-K) ¥o0.6224 ¥ 06352
Heat capacity (kl/kg-C) Y4313 ¥ 43165
Molecular weight () ¥ 18015 ¥ 18015
Latent heat (kJ/kg) -- --
Surface tension (dyne/cm) Y 70713 ¥ 68.967
Molar Composition Vapor Liquid K-Value Vapor Liquid K-Value
f




283

Ttemno. 303-C
TEMA type NEN
1136.7 rm shell 1D 21500 nm
Actual OTL 21324 nm
Height under inlet nozzle 127.42 nm
Height under outlet nozzle 127.42 mm
Tube type Plain
Tube CO 25.400 nm
Tube pitch 31.750 nm
Tube layout angle 30 deg
Tubes 3865
Tube postions avalable 3865
Tie mds 12
Seal stip pairs o
Tube Passes 1

TUEEPASS CETALLS
Pass Rows Tubes
1 69 3865

& Dummy Short Tube
& Durrmy Long Tube
@ Plugged Tube

® Tie Rod

# Seal Fod

@ Impingement Rod

1136.7 mm

f
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Syngas Chiller produk NH3 : 304-C
Rating - Horizontal With No Baffles

Customs Units

No Data Check Messages.
No Runtime Messages.

Process Conditions Cold Shellside Hot Tubeside

Fluid name NH3 Refrigerant Syngas ke Produk NH3

Total flow rate (kg/hr) ¥ 90220 r 221327

Inlet/Outlet Y (Wt. frac vap.) §.0000 1.0000 70.9186 0.6518

Inlet/Outlet T (Deg C) "35.00 -34.86 ¥ 45.00 -33.50

Inlet P/Avg (kgf/em2G) 8760e-3 7155.00 154.56

dP/Allow. (kgflem2) T0.401 0.500 " 0.888 1.500

Fouling (m2-K/W) 0.000100 0.000100

Exchanger Performance

Shell h (W/m2-K) $837.2 | ActualU wm2K) 7 947.05

Tube h (W/m2-K) 5650.2 | Required U wm2K) 7 800.99

Hot regime ) Total duty MM ki) 7 126.13

Cold regime ) Eff. area m) 7 1765.8

EMTD (Deg C) Y2438 Overdesign (%) r 18.24
Shell Geometry Baffle Geometry

TEMA type --) BKM | Baffle type Support

Shell ID (mm) 1800.0 | Baffle cut (Pct Dia.)

Series (--) ¥ 4 | Baffle orientation --)

Parallel (--) " 1| Central spacing (mm) r 1345.4

Orientation (deg) " 0.00 Crosspasses (--) r 1
Tube Geometry Nozzles

Tube type (--) Plain | Shell inlet (mm)

Tube OD (mm) 55.400 | Shell outlet (mm)

Length (m) 76.096 | Inlet height (mm) r 311.98

Pitch ratio ) 12500 | Outlet height (mm) 364.87

Layout (deg) " 30 | Tube inlet (mm) 254.51

Tubecount ) 71039 | Tube outlet (mm)

Tube Pass (--) "

Thermal Resistance, % Velocities, m/s Flow Fractions
Shell ¥ 24.65 Min Max A r 0.000
Tube ¥ 47.12 |Tubeside " 210" 3.08 B r 1.000
Fouling ¥ 21.87 |Crossflow  "6.33e-27  22.99 C r 0.000
Metal ¥ 6.35 |Longitudinal - - E r 0.000

F Y 0.000
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Syngas Chiller produk NH3 : 304-C
Rating - Horizontal Single Pass TEMA BKM Shell With No Baffles

Hot Tubeside Fluid For Unit 304-C Inlet Outlet
Fluid name Syngas ke Produk NH3
Flow (kg/hr)[” 21327
Temperature (©) 4500 3350
Pressure (kgf/em2G) ¥ 155.00 o541
Weight fraction vapor (=) ¥ 09186 ¥ 0.6518
Vapor Properties
Flow (kg/hr) ¥ 203305 " 144260
Density (kg/m3) " 60.685 ¥ 65.905
Viscosity (cP) ¥ 00124 ¥ 0.0101
Conductivity (W/m-K) ¥ 01007 ¥ 0.0967
Heat capacity (kl/kg-C) o331 ¥ 35306
Molecular weight () ¥ 10390 ¥ 89621
Liquid Properties

Flow (kg/hr) "o18022 ¥ 77067
Density (kg/m3) " 556.16 " o673.08
Viscosity (cP) " o0.0912 " 02422
Conductivity (W/m-K) Y0419 ¥ 0.6089
Heat capacity (kl/kg-C) ¥o51194 ¥ 43798
Molecular weight ) ¥ 16804 ¥ 16966
Latent heat (kJ/kg) ¥ 898.43 o231
Surface tension (dyne/cm) ¥ 20.768 Y 39572

Molar Composition MW, Vapor  Liquid K-Value Vapor Liquid K-Value
[ 1 Hydrogen " 20 059827 0019”7 31486 072707 0.0051"7 143.64
(2 Nitrogen 72801 021287 000537 40370 025877 9.98¢-4" 259.24
(3 Argon "39.95( 2.07e-4” 438e-5" 47347 2.40e-4” 5.0le-5"7  4.7903
(4 Ammonia "17.03]  0.1888" 097577 0.1935] 0.01407 099397 0.0141

Mass Composition Vapor  Liquid Vapor  Liquid
(1 Hydrogen ©o.11617  0.0023 " 016357 6.0le-4
(2 Nitrogen " 057377 0.0088 " 080877  0.0016
(3 Argon F 7.97c-4"7  1.04c-4 " 000117 1.18¢c-4
(4 Ammonia F 030957  0.9888 © 002677  0.9976
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Tugas Akhir

Stream Properties

Released to the following company:

Page 27

Xist 9 (32 bit) 24-Dec-25 22:25 SN:46639-

Syngas Chiller produk NH3 : 304-C

Rating - Horizontal Single Pass TEMA BKM Shell With No Baffles

Customs Units

Cold Shellside Fluid For Unit 304-C Inlet Outlet
Fluid name NH3 Refrigerant
Flow (kg/hr)[ 90220
Temperature (©) " 3500 " 34.86
Pressure (kgf/em2G) ¥ 8.60e-3 " o101
Weight fraction vapor (--) " 0.0000 1.0000
Vapor Properties
Flow (kg/hr) ¥ 0.0000 " 90220
Density (kg/m3) " 0.7983 " 07978
Viscosity (cP) ¥ 0.0065 ¥ 0.0065
Conductivity (W/m-K) ¥ 0.0199 ¥ 0.0199
Heat capacity (kl/kg-C) 20485 "o2.0487
Molecular weight () ¥ 17.030 " 17.030
Liquid Properties
Flow (kg/hr) ¥ 90220 ¥ 0.0000
Density (kg/m3) "675.45 " o675.44
Viscosity (cP) " 02514 ¥ 02514
Conductivity (W/m-K) ¥ 06179 " 06179
Heat capacity (kl/kg-C) ¥ 44453 ¥ 44453
Molecular weight () ¥ 17.030 ¥ 17.030
Latent heat (kI/kg) ¥ 13969 ¥ 13969
Surface tension (dyne/cm) Y o40.167 Y 40.166
Molar Composition Vapor Liquid K-Value Vapor Liquid K-Value

)

.............................

I}
1
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Air Dryer, 101-DA/DB

Kondisi desain :

a) Komposisi :

Fraksi mol (Nitrogen) 0.7810
Fraksi mol (Oksigen) 0.2093
Fraksi mol (CO2) 0.0003
Fraksi mol (H20) 0.0001
Fraksi mol (Argon) 0.0093
b) Perhitungan Kapasitas
Total Aliran 12,188.3 kmol/jam
352,999.8 kg/jam
Tekanan 6.50 kg/cm2G
7.39 Bar A
Tekanan Desain 11.08 Bar A
1.11 MPa
Suhu 15.00 oC
288.15 K
Suhu Desain 538.15 K
Menghitung Massa H20 1.219 kmol/jam
21.957 kg/jam
Menghitung massa CO2 3.656 kmol/jam

160.914 kg/jam

Siklus (Estimasi) 12 Jam

Beban CO2 1,931.0 kg

Beban H20 263.49 kg

Molsieve
Equilibrium CO2 Capacity 18.5% kg CO2 / kg Molsieve
Equilibrium H20 Capacity 27.0% kg H20 / kg Molsieve

Active Alumina

Equilibrium H20 Capacity 19.0% kg H20 / kg Desiccant

Adsorbtion (Active Alimuna)
Bulk density 760.0 kg/m3



Adsorbtion (Mol Sieve)

Total Volume desiccant (per

vessel)

Kebutuhan Desicant

Margin 20%

Bulk Density

Kebutuhan Desicant

Margin 20%

Adsorbsion H20
Adsorbsion CO2

Duty Regenerasi (Desorbsi)

Desorbsi H20
Desorbsi CO2

1,386.8
1.8
2.2

38.0
608.70
10,437.7
17.1
20.6

22.8

4,186.00
35.00

2,638,685.17
1,102,964.07
1,535,721.10

kg Dessicant
m3

m3

1b/ft3

kg/m3

kg Dessicant
m3

m3

m3

kJ/kg
kJ/mol

kJ/siklus
kJ/siklus
kJ/siklus
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DescrIPTION

13X-APG adsorbent is the sodium form of the Type X
maolecular sieve and an alkali metal aluminosilicats,
13X-APG adsorbent will adsorb molecules with crifical
diameters up to § angstroms.

APPLICATIONS

13X-APG adsorbent 1s specifically developed for amr
plant feed purification. It has a high capacity for carbon
dioxide and water and mamtains its capacity well above
ambient conditions. It 1s available in a vanety of shapes
and sizes to suit your operating needs.

In addition, 13X-APG adsorbent can adsorb
molecules, such as clefins, aromatics, straight and
branch chain hydrocarbens, SO,, and NO, compounds.

TryricaL PHYsicAL PROPERTIES

289

13X-APG MOLSIV™ ADSORBENT

CHEmicaL FormuLa
Na, [(A0,),(5i0,),] * 2 H,0

REGENERATION

13X-APG adsorbent can be regenerated for re-use by
purging at elevated temperatures or at compressor waste
heat temperatures.

SaFeTy AND HANDLING

See the UOP brochure entitled “Precautions and Safe
Practices for Handling Molecular Sieves in Process
Units™ or contact your UOP representative.

SHIPPING INFORMATION

13X-APG MOLSIV adsorbent 1s shipped m 35-gallon
steel drums or quick load bags.

13X-APG sieve 15 available in sphere or extrudate form. The diameters for the spheres or “beads” are shown below
The diameters for the extrudates or “pellets™ are also shown; the length is approximataty twice the diameter

TRISIV™
1/16" Pellets 1/8" Pellets Pelletz  8x12 Beads 6x8 Beads 4x8 Beads
Bulk density (Ibs/ft") ig 38 i6 40 40 40
Particle diameter {mm} 16 i1 32 20 30 40
Crush strength (Ibs) 7 13 15 8 12 18
Equilibrium CO, capacity” (wt-%:) 183 185 183 18.5 185 183
Equilibrium HyO capacity™ (wi-%a) a7 a7 27 27 7 27
Water content, as shipped (wt-0) =1 =1 =1 =1 =1 =1
‘' Measured &t 250 mm Hg and 25 °C
“Measured at 17.5 mm Hg and 25 °C
For MorRe INFORMATION
For more information, contact your UOP representative
or UOP’s Adsorbents business at-
Telephone: 1-440-734-0086
Fax: 1-440-734-1688
E-mal: Adsorbents@uop.com lm
UOP LLC
2 2003 UOP LLC. Alln, reserved - 5 =
This informatian is mﬂgm a5 3 warranty of Tepresenrarion for whick UOD e %; Easr.‘ug";qlgnﬁ?gm g
assumes Jeeal responsibility nor as permission or recomimendation w practice amy Lo " MoLs es Plaines, =
patentad irvention withont a Hicense. Tt iz effarad solshy for your considemrion - WWW.nop.com

UDPE 3102-00 0103 A0D
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| TECHNICAL DATA SHEET |

/XEI'IS

Sty

Procatalyse Catalysts & Adsorbents

A.A. 2-5 Grade A

Activated Alumina for Drying and Purification

The high atfrition resistance and static adsorption gives GRADE A the cptimized
characteristics as adsorbent for purification or drying.

- Drying of crganic liquids as LPG, aromatics, steam cracked liguids, gasoline,
chloro and fluoro carbons.

- Drying of air and gases as steam cracked gases, catalytic reforming recycle gases,
synthesis gases, methyl chloride, natural gas, LNG...

- Drying of hydrogen, axygen, nitrogen, CO5. .

- Purification of gases and liquids (removal of metallic traces, BF 3, TBC, HCI, HF and
fiuorinated hydrocarbons).

- Catalyst for Claus conversion in Sub Dew Point Processes.

O Aspect
High purity white Alumina beads
O Physical properties |*)
Min. Mace. Units
Dianreter 2 3 mm
Smaller than 2 mm | 2 wida
Larger than 5 mm 2 wita
Loss on ignition (1000 *C-300 *C) T wita
Tapped bulk density a.76 0.85 kg
Surface area 300 350 maig
Particle crush strength 12 dah
Amrrition resismance (AlF) ar wita
Static adsorpoion (ar 60 % RH) 13 23 wila
O Chemical analysis (%)
Al203 935 Wik
Nadl 000 WD
Stiipping information
PACKAGING : 217 | Sbar drums (et 160 k) MANUFACTURING :  Safindres plani
o801 {Not S0 kgl A3LD SALINDRES {Franca)
o 1500 | B bags {Mat 1000 kg)
*1 &d figuas are green Wil repaied aanficsl meltods avaists uwonr eguasl fom ow' Jectheal Daparierend
A 2.5 Grade A/55. 1
ey e B e e el e ke <y e e Lo Lt e e
h‘i."";.".'.’“.'.' Wr&fﬁm“m E.'?um_m._mmxzwﬁ
mmmﬁ Emﬂﬁ' e ol A
el - P 30T - F RIDN sl BasiEdon - Fradss

c) Dimensi Dryer :
Dengan volume silinder 22.8 m3 dan dengan asumsi L/D antara 2 — 4,
didapatkan :
Target H/D =3
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H=3D
Sehingga dengan substitusi persamaan volume silinder :
V= DM

= 21D}

w)

Il

w S
W
s

3[4x22.8

3

= 2.13m
H =3xD

= 3x2.13

= 6.39m
Material yang dipilih adalah carbon steel (SA-516 Grade 70)
Stress allowable, S: 138 MPa (ASME Section I1-D)
Welding effisiensi, E = 1 (full Radiografi Test)
Coorision allowance (assumsi) = 3 mm

Sehingga didapat tebal shell :

P.R
S.E—0.6P
1.11x 0.5x 2.13
138x1-0.6x1.11
1.18215
137.338

= 0.00862 m

= 8.62 mm
Total tebal shell + CA =8.62 +3 =11.62 mm
Tebal head (2:1 ellipsoidal) :

Tshet =

K = 0.9 (asumsi dari referensi vendor Dryer)
P.K.D
25.E—0.2P

1.11x09x 2.13
2x138x1-0.2x1.11

2.12787
275.778

= (0.00772 m
= 7.72 mm
Total tebal head + CA =7.72 +3 =10.72 mm

THead -
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8. Air chiller, 101-C

Perhitungan chiller menggunakan program HTRI Exchanger suite 9.0

dengan input data sebagai berikut :

Komposisi :
Fraksi mol (Nitrogen) 0.7810
Fraksi mol (Oksigen) 0.2093
Fraksi mol (CO2) 0.0003
Fraksi mol (H20) 0.0001
Fraksi mol (Argon) 0.0093

Laju alir = 12188.3 kmol/jam

= 352999.8 kg/jam

Tekanan operasi = 7.0 kg/cm’G

DP toleransi = maksimal 0.5 kg/cm?

Suhu operasi (Inlet / Outlet) = 45/15°C

Hasil dapat dilihat sebagai berikut :
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Output Summary Page
Released to the following company:

Tugas Akhir

Xist 9 (32 bit) 27-Dec-25 1546 SN:46639- Customs Units

Chiller Udara sebelum masuk ke ASU : 101-C
Rating - Horizontal Single Pass TEMA BKM Shell With No Baffles

See Data Check Messages Report for Informative Messages.
See Runtime Message Report for Warning Messages.

Process Conditions Cold Shellside Hot Tubeside
Fluid name NH3 Refrigerant Udara
Total flow rate (kg/hr) ¥ 76874 ¥ 352999
Inlet/Outlet Y (Wt. frac vap.) §.0000 1.0000 71.0000 1.0000
Inlet/Outlet T (Deg C) 735.00 -33.00 ¥ 45.00 15.00
Inlet P/Avg (kgf/cm2G) T0.018 -0.059 ¥ 7.000 6.892
dP/Allow. (kef/em?) 70.083 0.500 70216 0.500
Fouling (m2-K/W) 0.000100 0.000100
Exchanger Performance
Shell h (W/m2-K) $290.5 | ActualU Wm2kK) 7 380.48
Tube h (W/m2-K) £10.48 | Required U Wm2K) 7 353.60
Hot regime (--) Sens. Gas | Total duty (MM kJ/hr) r 10.777
Cold regime () Flow | Eff. area (m2) r 139.04
EMTD (Deg C) ¥ 60.9 | Overdesign ©%) " 7.60
Shell Geometry Baffle Geometry
TEMA type (--) BKM | Baffle type Support
Shell ID (mm) 1100.0 | Baffle cut (Pct Dia.)
Series (--) ¥ 1| Baffle orientation (--)
Parallel (--) " 1| Central spacing (mm) " 1599.2
Orientation (deg) ¥ 0.00 | Crosspasses - 1
Tube Geometry Nozzles
Tube type () Plain | Shell inlet (mm) 40.894
Tube OD (mm) %8.100 | Shell outlet (mm) " 438.15
Length (m) 73300 | Inlet height (mm) " 39.163
Pitch ratio (=) 12500 | Outlet height (mm) " 77.261
Layout (deg) ¥ 30 | Tube inlet (mm) " 895.35
Tubecount (--) " 365 | Tube outlet (mm) " 895.35
Tube Pass (--) o
Thermal Resistance, % Velocities, m/s Flow Fractions
Shell " 16.61 Min Max A r 0.000
Tube ¥ 72.93 |Tubeside ¥ 34327 3748 B r 1.000
Fouling ¥ 826 |Crossflow 7 0267 642 C r 0.000
Metal ¥ 221 |Longitudinal - - E r 0.000
F d 0.000
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Final Results Page §
Released to the following company:
Tugas Akhir
Xist 9 (32 bit) 27-Dec-25 1546 SN:46639- Customs Units
Chiller Udara sebelum masuk ke ASU : 101-C
Rating - Horizontal Single Pass TEMA BKM Shell With No Baffles
Process Data Cold Shellside Hot Tubeside Shellside Performance
Fluid name NH3 Refrigerant Udara || Nom vel, X-flow/window 1.45/0.00
Fluid condition Boil. Liquid Sens. Gas Kettle Recirculation Ratio (Internal/Feed) "2.58
Total flow rate (kg/hr) 7 76874 7 352999 | Flow fractions for vapor phase
Weight fraction vapor, In/Out 9" 0.0000 1.0000 [ 1.0000 1.0000 A=0.0000 B=0.9999 C=5.3le-5 E=0.0000 F=0.0000
Temperature, In/Out (Deg )" -35.00 3300 [ 45.00 15.00
Skin temperature, Mi/Max ~ (Deg C)”  -28.53 241 [ -23.08 33.91 Shellside Heat Transfer Corrections
Wall temperature, MinMax ~ (Deg C)7  -26.55 3296 [ -25.40 33.27
Pressure, I/Average (kgflem2G)” -0.018 20059 [ 7.000 6.892 Total  Beta Gamma End Fin
Pressure drop, TotalAllowed (kgflem2)”  0.083 0500 [ 0216 0500 |7 10387 1.000” 1.038 7 1.000"  1.000
Velocity, Mid/Max allow mis)” 265 ro3s7m Pressure Drops (Percent of Total)
Boiling range/Mole fraction ine (Deg C) 2.00e-3 0.0000 Cross Window  Ends  Nozzle Shell  Tube
Average film coef. (W/m2-K) 722905 7 61048 |7 73507 0007 000  Ilet” 25737 728
Heat transfer safety factor () 7 1.0000 7 1.0000 | MOMENTUM 7000  Outlet” 0777 430
Fouling resistance (m2-K/W) 7 0.000100 70.000100 Two-Phase Parameters
Overall Performance Data Method Inlet Center Outlet Mix F
Overall coef., Reqd/Clean/Actual wm2-K)” 35360 /7 41472 /7 38048
Total Duty, Calculated/Specified (MM ki)™ 10.777 / PP/TBR Flow  Flow Flow
Effective overall temperature difference (Deg C) i 60.9 H. T. Parameters Shell Tube
EMTD = (MTD) * (DELTA) * (F/G/H) DegC)” 609 * 7 1.0000 * "1.0000 Overall wall correction
Midpoint Prandt] no. o074
| | Midpoint Reynolds no. 7 82887 549223
See Runtime Messages Report for il Bundle inlet Reynolds no. 779997 531793
warnings. Bundle outlet Reynolds no. " os4757 564221
Fouling layer (mm)
Exchanger Fluid Volumes Thermal Resistance, %
Approximate shellsid (L) 7 1805.1 Shell Tube Fouling MetalDver Des
Approximate tubesid«(L) " 5916.9) ! v 16617 72937 8267 2217 7.60
Shell Construction Information Total fouling resistance  (m2-K/W) 7 2174
TEMA shell type BKM Shell ID (mm) " 1100.0 | Differential resistance (m2-K/W) 2e-4
Shells Series 1 Parallel 1 Total area (m2) 714417 Shell Nozzles
Passes Shell v 1 Tube 1 Eff. area (m2/shell) 7 139.04 | Inlet at channel end Yes
Shell orientation angle (deg) '0.00 Kettle ID (mm) 7 1100.0
Impingement present Rods Impingement rod rows v 2 Liquid
Pairs seal strips ] Passlane seal rods (mm) 0.000 No. 0 Inlet Outlet Outlet
Shell expansion joint No Rear head support plate No Number at each position r 17 17 0
Weight estimation Wet/Dry/Bundle 7 15098 / 7 7379.1 /7 3319.2 (kg/shell) Diameter (mm) 7 40.8047 433.15
Velocity ms) 7 2407 17.69
Pressure drop (kefem2) 7 0.0217 6.37e-4
Height under nozzle (mm) 7 39.1637 77.261
Baffle Information Nozzle R-V-SQ (keg/m-s2) 7 389237 249.91
Type Support Baffle cut (% dia) Shell ent. (kg/m-s2) 7 181.66" 284.35
Crosspasses/shellpass v 1 No. (Pct Area) (mm)to C.L
Central spacing (mm)” 1599.2 "1 Inlet Outlet Liquid
Inlet spacing (mm)”  0.000 "2 Tube Nozzle RADIAL RADIAL Outlet
Outlet spacing (mm)”  0.000 Support plates/baffle space v 1 || Diameter (mm) 7 895357 89535
Baffle thickness (mm)” 15.875 Velocity ms) 718017 1672
Use deresonating baffles No Pressure drop (kgflem2) 7 0.0167 9.30e-3
Nozzle R-V-SQ (keg/m-s2) 7 280437 2604.1
Tube Information Annular Distributor Inlet  Outlet
Tube type Plain Tubecount per shell 4 365 | Length (mm)
Overall length (m)' 3.300 Pct tubes removed (both) 4 0.54 | Height (mm)
Effective length (m) 73183 Outside diameter (mm)' 38.100 | Slot area (mm2)
Total tubesheet (mm)' 101.60 Wall thickness (mm)’ 2.769 Diametral Clearances (mm)
Area ratio (out/in)' 1.1701 Pitch (mm) 47.625 Ratio 1.2500 Baffle-to-shell Bundle-to-shell Tube-to-baffle
Tube metal SA-214 Tube (W) K01807 Tube pattern (deg) 30 6.3500 " 100.00 7 0.7937
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9. Syngas Dryer, 104-DA/DB

Komposisi inlet :

Fraksi mol (Hidrogen)
Fraksi mol (Nitrogen)
Fraksi mol (Argon)
Fraksi mol (H20)

Total Aliran

Tekanan

Tekanan Desain

Suhu

Suhu Desain

Menghitung massa H20

Desain siklus antara service

adalah:

Beban

0.7459
0.2510
0.0001
0.0030
9,200.0 kmol/jam
79,046.7 kg/jam
26.00 kg/cm2G
26.51 Bar A
39.77 Bar A
3.98 MPa
44.50 oC
317.65 K
567.65 K

Fraksi mol H20 x Jumlah aliran

0.0030 x 9200 kmol /jam

27.6 kmol/jam

496.5 kg/jam
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dan regenerasi = 12 jam, jumlah total beban H20

12 jam x 496.5 kg/jam

5958 kg



A Honeywell Company

UOP MOLSIV™ 13X-PG Adsorbent

Adsorbents

Description

UOP 13X-PG adsorbent, a sodium form of Type X
molecular sieve, is an alkali metal aluminosilicate. 13X-PG
adsorbent will adsorb molecules with critical diameters
up to 10 angstroms.

Applications

13X-PG adsorbent is used commercially for gas and
liquid hydrocarbon dehydration and purification (removal
of polar oxygenates and sulfur compounds). All molecules
that can be adsorbed on molecular sieve Types 3A,
4A, and 5A can be adsorbed on 13X-PG adsorbent. In
addition, it can adsorb molecules of larger critical diame-
ters, such as aromatics and branched-chain hydrocarbans.

Typical physical properties

Chemical formula

M,[(AIO,),(SI0,),]* zH,0  [M=Na]

sjuagiospy

Regeneration

13X-PG adsorbent can be regenerated for reuse by
purging or evacuating at elevated temperatures.

Safety and handling

See the UOP brochure entitled “Precautions and Safe
Practices for Handling Molecular Sieves in Process
Units” or contact your UOP representative.

Shipping information

13X-PG adsorbent is shipped in steel drums and quick
load bags.

1/16" Pellets  1/8" Pellets TRISIV™ Pellets
Nominal pore diameter (A) 10 10 10
Nominal particle size diameter (mm) 1.9 37 3.4
Bulk density (Ib/ft) 39 38 37
(kg/m?) 625 610 595
Crush strength (Ib) 7 14 14
(kg) 3 6 6
(N) 30 60 60
Heat of adsorption (Btu/lb H,0) 1800 1800 1800
(kJrkg H,0) 4186 4186 4186
Equilibrium H,O capacity” (wt-%) 26 26 26
Moisture content (wi-%) 1 1 1

*Measured at 17.5 mm Hg and 25 °C

UOPLLC

25 East Algonquin Road
Des Plaines, IL 60017-5017
U.SA

For more information

For more information, contact your local UOP
representative or our Des Plaines sales office:

e-mail: info@uop.com
fax: +1-847-391-2253
phone: +1-847-391-2000

© 2012 UOP LLG. All rights reserved.
The information in this document should not be consirued as a representation for
which UOP assumes fegal responsibifity, or an authorization or recommendation

A Honeywell Company

1o practice & patented invention without a license.

WWwW.uop.com UOP 4512-2 January. 2012

Adsorbtion capacity = 26% kg H20 / kg mol sieve (Data UOP Molsiv 13X-PG),

maka kebutuhan adsorbent adalah :

Beban H20

Total kebutuhan Ads. =

Adsorbent Capacity

5958 kg

26% kg/kg adsoebent

22915.3 kg adsorbent

Dengan bulk density 595 kg/m3 (Data UOP Molsiv 13X-PG), volume adsorbent

menjadi:
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kg Adsorbent

Volume =
Bulk density

22915.3
595

= 38.51 m3
Safety factor 1.2, Volume = 38.51x1.2
= 46.21 m3

dari GPSA Engineering Data Book : velocity yang direkomendasikan adalah 0.1 —

0.3 m/s, sehingga velocity yang dipakai : 0.2 m/s. Dengan demikian luas permukaan

yang diperlukan adalah:
A _ Laju alir volumetrik (m3/s)
Velocity >

Laju alir volumetrik, V % (gas ideal)

9200 x 0.08134 x317.15
26.51

= 9164.95 m3/jam
= 2.55m3/s

A _ Laju alir volumetrik (m3/s)
Velocity >

2.55

0.2
12.75 m2

4A

T

4x12.75
T

4.03 m

Dengan diameter vessel 4.03 m, tinggi bed adalah:

Volume Adsorbent
A

H =

46.21

12.75

3.62m

Dengan perhitungan ketebalan plat (ASME VIII Div 1) diperoleh:

Material yang dipilih SA-516 Gr. 70, sehingga nilai S (allowable stress) = 138 MPa
dan vessel dilakukan full Radiografi test, E=1, CA =3 mm

P desainx R
T _ _PdesainxR | )
silinder S.E—0.6 P desain

3.98 x 2.015
= +0.003
138 x 1-0.6 x 3.98




Thead 2:1

10.

16.0394

8.0197
135.612

0.0621 m
62.1 mm

P desain x D
2S.E—0.2 P desain

3.98 x 4.03

+0.003

2x138x1—-0.2 x 3.98

+0.003

275.204
0.0613 m

61.3 mm

Pompa dan Kompresor

Hasil simulasi lengkap

(https://drive.google.com/drive/folders/1143wTHeMuvumWO0gSHnpnsGiBgsl-

CA

+0.003
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swYz?usp=sharing)

a.  Pompa Boiler Feed Water

Dari simulasi HYSYS diperoleh hasil sebagai berikut:

Kondisi suction (015) dan discharge (016)

MName: 015 @Main 016 @Main
Vapour 0.0000 0.0000
Temperature (C) 115.1064 116.1582
Pressure (kg/cm2_g) 0.7000 75.0000
Molar Flow (kgmole/h) 14192.7957 14192.7957
Mass Flow {kg/h) 255684 6398 255684.6398
Std Ideal Lig Vol Flow (m3/h) 256.2006 256.2006
Molar Enthalpy (kd/kgmole) -2792e+005 -2.790e+005
Molar Entropy (kJikgmole-C) 7440 74.45
Heat Flow (kd/h) -3.9620e+09 -3.9593e+09
MName 015 @Main 016 @Main

Molecular Weight 18.02 18.02
Melar Density (kgmole/m3) 51.90 52.05
Mass Density (kg/m3) 935.0 9377
Act. Volume Flow (m3/h) 2735 2727
Mass Enthalpy (kJikg) -1.550e+004 -1.54%e+004
Mass Entropy (kdikg-C) 4130 4133
Heat Capacity (kJkgmole-C) 79.96 79.64
Mass Heat Capacity (kdfkg-C) 4438 441
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Adiabatic Efficiency (%): 75.00 Delta P: 74.30 kgiem2 Pressure Ratio: 4387 Duty: 738.0 kW
Muitiphase Pumnp Not Active
Detta P: 74.30 kg/em2 Duty 738.0 kW
Tokat Head — | Velocity Head 04330m
DYNAMICS
Head {m) A Not Active Power Kdim) 2.657e+006 Not Active
o - e oo
Efficisncy %) 75.00 [r— Use Characteristic Curves Not Active
Pressure Increase (kglem2) 7430 Active Pump is Acting as a Turbine Not Active:
Kompresor Udara (3 stage)
Dari simulasi HYSYS diperoleh hasil sebagai berikut:
Kondisi Suction (101) dan Discharge (102) di stage 1
Name 101 @Main 102 @Main
Vapour 1.0000 1.0000
Temperature (C) 35.0000 * 143 9216
Pressure (kg/cm2_q) -0.0000 * 1.3432
Molar Flow (kgmole/h) 12238 2627 122382627
Mass Flow (kg/h) 354447 9207 * 354447 9207
Std Ideal Lig Vol Flow (m3/h) 407 6264 407 6264
Molar Enthalpy (kJ/kgmole) 141.0 3350
Molar Entropy (kJ/kgmole-C) 152.8 154.8
Heat Flow (kJ/h) 1.7258e+06 4.1003e+07
Properties
MName 101 @Main 102 @Main
Molecular Weight 28.96 28.96
Molar Density (kgmole/m3) 3.957e-002 6.719e-002
Mass Density (kg/m3) 1.146 1946
Act. Volume Flow (m3/h) 3.093e+005 1.822e+005
Mass Enthalpy (kJ/kg) 4 869 1157
Mass Entropy (kJ/kg-C) 5277 5346
Heat Capacity (kJ/kgmole-C) 2918 2987
Mass Heat Capacity (kJ/kg-C) 1.008 1.031
LHV Molar Basis (Std) (kJ/kgmole) 0.0000 0.0000
HHYV Molar Basis (Std) (kJ/kgmole) 4101 4.101
HHV Mass Basis (Std) (kJ/kg) 0.1416 0.14186
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Act. Gas Flow (ACT_m3/h) 3.093e+005 1.822e+005
Avg. Lig. Density {(kgmole/m3} 30.02 30.02
Specific Heat (kJ/kgmole-C) 29.18 29.87
Std. Gas Flow (STD_m3/h) 2 894e+005 2. 894e+005
Std. Ideal Lig. Mass Density (kg/m3) 869 5 869 5
Act. Lig. Flow (m3/h) — —-
Z Factor 0.9995 1.000
Watson K 6.013 6013
Cp/(Cp-R) 1.398 1.386
Cp/Cv 1.401 1.389
Ideal Gas Cp/Cv 1.399 1.387
Ideal Gas Cp (kJ/kgmole-C) 2913 29 .81
Mass Ideal Gas Cp (kJ/kg-C) 1.006 1.029
Heat of Vap. (kJ/kgmole) 1.007e+004 9833
Kinematic Viscosity (cSt) 16.88 12.37
Lig. Mass Density (Std. Cond) (kg/m3) 1.226 1.226
Lig. Vol. Flow (Std. Cond) (m3/h) 2.892e+005 2.892e+005
Liquid Fraction 0.0000 0.0000
Molar Volume (m3/kgmole) 2527 14 88
Mass Heat of Vap. (kJ/kg) 3477 3395
Phase Fraction [Molar Basis] 1.0000 1.0000
Surface Tension (dyne/cm) —- —
Thermal Conductivity (W/m-K) 2.654e-002 3.393e-002
Bubble Point Pressure (kg/cm2 g) o —
Viscosity (cP) 1.934e-002 2.407e-002
Cv (Semi-ldeal) (kJ/kgmole-C) 20.87 2155
Mass Cv (Semi-ldeal) (kJ/kg-C) 0.7206 0.7442
Cv {kJ/kgmole-C) 20.83 21.51
Mass Cv (kJ/kg-C) 0.7191 0.7426
Cv (Ent. Method) (kJ/kgmole-C) - -
Mass Cv (Ent. Method) (kJ/kg-C) - -
Cp/Cv (Ent. Method) - -
Reid VP at378C (kgicm2_g) — -
TrueVP at37.8 C (kgicm2_q) — —
Lig. Vol. Flow - Sum(Std. Cond) (m3/h) 2. 892e+005 2.892e+005
Viscosity Index -5.253 -5 967
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Hasil
Resuits
Adiabatic Head (m) 8475 Power Consumed (kW) 1.091e+004
Polytropic Head (m) 8776 Paolytropic Head Factor 1.000
Adiabatic Fluid Head (kJ/kg) 8311 Paolytropic Exponent 1.573
Polytropic Fluid Head (kJ/kg) 86.07 Isentropic Exponent 1.396
Adiabatic Efficiency 75 Speed (rpm) —
Polytropic Efficiency 78
Power/Torque
Total Rotor Power (kW) 1.091e+004 Total Rotor Torque (N-m)
Transient Rotor Power (kW) 0.0000 Transient Rotor Torque (N-m)
Friction Power Loss (kW) 0.0000 Friction Torque Loss {N-m)
Fluid Power (kW) 1.091e+004 Fluid Torque (N-m) —
Duty (kJ/h) 3.928e+007 Active Head (m) 8776 Mot Active
Adiabatic Efficiency 75 *| Not Active Fluid Head (kJ/kg) 86.07 Mot Active
Polytropic Efficiency 78 Active Capacity (ACT_m3/h) 3.093e+005 Mot Active
Pressure Increase (kglcm2) 1.343 Not Active Speed (rpm) — Not Active
Use Characteristic Curves No
Stage 2
Kondisi Suction (103) dan Discharge (104):
Name 103 @Main 104 @Main
Vapour 1.0000 1.0000
Temperature (C) 45.0000 1293065
Pressure (kg/icm2_q) 1.3432 3.4820
Molar Flow {(kgmole/h) 12238.2627 12238.2627
Mass Flow (kg/h}) 3544479207 354447 9207
Std Ideal Lig Vol Flow (m3/h) 407.6264 407 6264
Molar Enthalpy (kJ/kgmole) 4238 2906
Molar Entropy (kJ/kgmole-C) 146.8 148.4
Heat Flow (kJ/h) 5.1871e+06 3.5565e+07
Properties:
MName 103 @Main 104 @Main
Molecular Weight 28.96 28.96
Molar Density (kgmole/m3) 8.818e-002 0.1323
Mass Density (kg/m3) 2 554 3.831
Act. Volume Flow (m3/h) 1.388e+005 9.252e+004
Mass Enthalpy (kJ'kg) 14.63 100.3
Mass Entropy (kJ/kg-C) 5.070 5124
Heat Capacity (kJ/kgmole-C) 2930 29 84
Mass Heat Capacity (kJ/kg-C) 1.012 1.030
LHV Molar Basis (Std) (kJ/kgmole) 0.0000 0.0000
HHV Molar Basis (Std) (kJ/kgmole) 4101 4101
HHV Mass Basis (Std) (kJ/kg) 0.1416 0.1416
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Partial Pressure of CO2 (kg/cm?2_g)

-1.033 -1.032
Cost Based on Flow (Cost/s) 0.0000 0.0000
Act. Gas Flow {ACT_m3/h) 1.388e+005 9.252e+004
Avg. Lig. Density (kgmole/m3) 30.02 30.02
Specific Heat (kJ/kgmole-C) 2930 2984
Std. Gas Flow (STD_m3/h) 2.894e+005 2.894e+005
Std. Ideal Lig. Mass Density {(kg/m3) 8695 869.5
Act Lig. Flow (m3/h) - —
Z Factor 0.9992 1.000
Watson K 6.013 6.013
CpliCp-R) 1.396 1.386
Cpl/Cv 1.402 1.392
Ideal Gas Cp/Cv 1.398 1.388
ldeal Gas Cp (kJ/kgmole-C) 2920 2972
Mass Ideal Gas Cp (kJ/kg-C) 1.008 1.026
Heat of Vap. (kJ/kgmole) 9833 9552
Kinematic Viscosity (cSt) 7.764 6.133
Lig. Mass Density (Std. Cond) (kg/m3) 1.226 1.226
Lig. Vol. Flow {Std. Cond) (m3/h) 2.892e+005 2.892e+005
Liquid Fraction 0.0000 0.0000
Molar Volume (m3/kgmole) 11.34 7.560
Mass Heat of Vap. (kJ/kg) 339.5 3298
Phase Fraction [Molar Basis] 1.0000 1.0000
Surface Tension (dyne/cm) - -
Thermal Conductivity (W/m-K) 2.731e-002 3.306e-002
Bubble Point Pressure (kg/lcm?2 g) - —
Viscosity (cP) 1.983e-002 2.350e-002
Cv (Semi-ldeal) (kJ/kgmole-C) 20.99 21.53
Mass Cv (Semi-ldeal) (kJ/kg-C) 0.7248 0.7432
Cv {kJ/kgmole-C) 20.90 21.43
Mass Cv (kJ/kg-C) 07217 0.7400
Cv (Ent. Method) (kJ/kgmole-C) - —
Mass Cv (Ent. Method) (kJ/kg-C) --- -
Cp/Cv (Ent. Method) -
Reid VP at378C {(kgfcm?2_g) - -
TrueVP at378C (kg/cm2_g) - -
Lig. Vol. Flow - Sum(5td. Cond) (m3/h) 2 892e+005 2 892e+005
Viscosity Index -10.49 -11.13
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Hasil:
Adiabatic Head (m) 6555 Power Consumed (kW) 8438
Polytropic Head (m) 6738 Polytropic Head Factor 1.000
Adiabatic Fluid Head (kJ/kg) 64.28 Polytropic Exponent 1.583
Polytropic Fluid Head (kJ/kg) 66.08 Isentropic Exponent 1.398
Adiabatic Efficiency 75 Speed (rpm)
Polytropic Efficiency 77
Power/Torque
Total Rotor Power (kw) 8438 Total Rotor Torque (N-m)
Transient Rotor Power (kW) 0.0000 Transient Rotor Torque (N-m)
Friction Power Loss (kW) 0.0000 Friction Torque Loss (N-m)
Fluid Power (kW) 8438 Fluid Torque (N-m)
Duty (kJ/h) 3.038e+007 Active Head (m) 6738 Mot Active
Adiabatic Efficiency 75 Mot Active Fluid Head (kd/kg) 66.08 Mot Active
Polytropic Efficiency 77 Active Capacity (ACT_m3/h) 1.388e+005 Not Active
Pressure Increase (kg/cm2) 2.139 Not Active Speed (rpm) — Mot Active
= Use Characteristic Curves MNo
Speed: — Duty: 7.4998e+03 kW
Adiabatic Eff 75.00 PolyTropic Eff.: 76.91
Adiabatic Head: 5826 m Polytropic Head 5974 m
Adiabatic Fluid Head: 57.13 kJlkg Polytropic Fluid Head: 58.58 kJ/kg
Polytropic Exp. 1.590 Isentropic Exp. 1.402 Poly Head Factor 1.000
Stage 3
Kondisi Suction (105) dan Discharge (106)
Name 105 @Main 106 @Main
Vapour 1.0000 1.0000
Temperature (C) 45.0000 * 120.0422
Pressure (kg/cm2_q) 34820 7.0000 "
Molar Flow {(kgmole/h) 12238.2627 12238.2627
Mass Flow (kg/h) 354447.9207 354447.9207
Std Ideal Liq Vol Flow {m3/h) 407.6264 407.6264
Molar Enthalpy (kJikgmole) 4091 2615
Molar Entropy (kd/kgmaole-C) 1415 1429
Heat Flow (kJ/h) 5.0067e+06 3.2006e+07
Properties
Name 105 @Main 106 @Main
Molecular Weight 2896 28.96
Molar Density (kgmole/m3) 0.1677 0.2409
Mass Density (kg/m3) 4 856 6.976
Act. Volume Flow (m3/h) 7.300e+004 5.081e+004
Mass Enthalpy (kJ/kg) 14.13 90.30
Mass Entropy (kJ/kg-C) 4 884 4 934
Heat Capacity (kJ/kgmole-C) 29 40 2989
Mass Heat Capacity (kJ/kg-C) 1.015 1.032
LHV Molar Basis (Std) (kJ/kgmole) 0.0000 0.0000
HHV Molar Basis (Std)  (kJ/kgmole) 4.101 4101
HHV Mass Basis (Std) (kJ/kg) 0.1416 0.1416
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Partial Pressure of CO2 {kg/cm?2_g) -1.032 -1.031
Cost Based on Flow (Cost/s) 0.0000 0.0000
Act. Gas Flow (ACT_m3/h) 7.300e+004 5.081e+004
Avg_Lig. Density (kgmaole/m3) 3002 30.02
Specific Heat (kJ/kgmole-C) 2940 2989
Std. Gas Flow (STD_m3/h) 2.894e+005 2.894e+005
Std. Ideal Lig. Mass Density (kg/m3) 8695 8695
Act Lig. Flow {m3/h) - -
Z Factor 0.9984 1.000
Watson K 6013 6.013
User Property - -
Partial Pressure of H25 (kg/cm2_g) -1.033 -1.033
Cp/(Cp-R) 1.394 1.385
Cp/Cv 1.406 1.397
ldeal Gas Cp/Cv 1.398 1.389
ldeal Gas Cp (kJkgmole-C) 2920 2966
Mass Ideal Gas Cp (kJikg-C) 1.008 1.024
Heat of Vap. (kJ/kgmole) 9552 9179
Kinematic Viscosity (cSt) 4090 3.320
Lig. Mass Density (Std. Cond) (kg/m3) 1.226 1.226
Lig. Vol. Flow (Std. Cond) (m3/h) 2.892e+005 2.892e+005
Liquid Fraction 0.0000 0.0000
Molar Volume (m3/kgmole) 5.965 4152
Mass Heat of Vap. (kJ/kg) 3298 316.9
Phase Fraction [Molar Basis] 1.0000 1.0000
Surface Tension (dyne/cm) — —
Thermal Conductivity (W/m-K) 2.740e-002 3.259e-002
Bubble Point Pressure (kg/cm2_g) - -
Viscosity (cP) 1.986e-002 2.316e-002
Cv (Semi-ldeal) (kJ/kgmole-C) 21.09 2157
Mass Cv (Semi-Ildeal) (kJ/kg-C) 0.7281 0.7449
Cv {kJ/kgmole-C) 2092 21.40
Mass Cv (kJikg-C) 0.7223 0.7388
Cv (Ent. Method) {kJ/kgmole-C) -—
Mass Cv (Ent. Method) (kJikg-C) —
Cp/Cv (Ent. Method) -—- -—
Reid VP at378C (kg/cm?2_g) -—- -—
TrueVP at378C (kg/cm2_g) -—
Lig. Vol. Flow - Sum(Std. Cond) (m3/h) 2.892e+005 2.892e+005
Viscosity Index -16.05 -16.75
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Hasil:
Adiabatic Head (m) 5826 Power Consumed (kW) 7500
Polytropic Head (m) 5974 Polytropic Head Factor 1.000
Adiabatic Fluid Head (kJ/kg) 57.13 Polytropic Exponent 1.590
Polytropic Fluid Head (kJ/kg) 58.58 Isentropic Exponent 1402
Adiabatic Efficiency 75 Speed (rpm)
Polytropic Efficiency 77
Total Rotor Power (kW) 7500 Total Rotor Torque (N-m)
Transient Rotor Power (kW) 0.0000 Transient Rotor Torque (N-m)
Friction Power Loss (kW) 0.0000 Friction Torque Loss (N-m)
Fluid Power (kW) 7500 Fluid Torque (N-m) -
Duty (kJ/h) 2.700e+007 Active Head (m) 5974 Mot Active
Adiabatic Efficiency 75 Not Active Fluid Head (kJ/kg) 58.58 Mot Active
Polytropic Efficiency 77 Active Capacity (ACT_m3/h) 7.300e+004 Mot Active
Pressure Increase (kglcm2) 3.518 Not Active Speed (rpm) — Not Active
Use Characteristic Curves No
Speed: — Duty: 7.4998e+03 kW
Adiabatic Eff 75.00 PolyTropic Eff.: 76.91
Adiabatic Head: 5826 m Polytropic Head 5974 m
Adiabatic Fluid Head: 57.13 kJlkg Polytropic Fluid Head: 58.58 kJ/kg
Polytropic Exp. 1.590 Isentropic Exp. 1.402 Poly Head Factor 1.000
Kompresor Nitrogen
Dari hasil simulasi HYSY'S diperoleh:
Stage 1
Kondisi suction (120) & Discharge (121)
Name 120 @Main 121 @Main
Vapour 1.0000 1.0000
Temperature (C) 7.0000 * 98 4117
Pressure (kgicm?2_g) 5.0000 12.0000 *
Molar Flow (kgmole/h) 4310.0000 4310.0000
Mass Flow (kgfh) 120744.7158 120744.7158
Std Ideal Lig Vol Flow (m3/h) 149.7224 149.7224
Molar Enthalpy (kJ/kgmole) -574.8 2096
Molar Entropy (kJ/kgmole-C) 1315 1333
Heat Flow (kJih) -2.4773e+06 9.0334e+06
Properties
MName 120 @Main 121 @Main
Molecular Weight 2802 2802
Molar Density (kgmole/m3) 0.2550 04134
Mass Density (kg/m3) 7.143 11.58
Act. Volume Flow (m3/h) 1.690e+004 1.043e+004
Mass Enthalpy (kJ/kg) -20.52 7481
Mass Entropy (kJ/kg-C) 4.693 4759
Heat Capacity (kJ/kgmole-C) 2941 29.93
Mass Heat Capacity (kJ/kg-C) 1.050 1.068
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Phase Fraction [Vol. Basis] 1.000 1.000
Phase Fraction [Mass Basis] 1.000 1.000
Phase Fraction [Act. Vol. Basis] 1.000 1.000
Mass Exergy (kJ/kg) 156.5 2322
Partial Pressure of CO2 (kg/cm?2_qg) -1.033 -1.033
Cost Based on Flow (Cost/s) 0.0000 0.0000
Act. Gas Flow (ACT_m3/h) 1.690e+004 1.043e+004
Avg. Lig. Density {(kgmole/m3) 28.79 28.79
Specific Heat (kJ/kgmole-C) 29 41 2993
Std. Gas Flow (STD_m3/h) 1.019e+005 1.019e+005
Sid. Ideal Lig. Mass Density {kg/m3) 8065 8065
Act. Lig. Flow {m3/h) -
Z Factor 0.9963 1.001
Watson K 6414 6.414
Cp/(Cp-R) 1.394 1.385
Cpl/Cv 1.415 1.405
ldeal Gas Cp/Cv 1.401 1.392
Ideal Gas Cp (kJ/kgmole-C) 2904 2953
Mass Ideal Gas Cp (kJ/kg-C) 1.037 1.054
Heat of Vap. (kJlkgmole) 4750 3947
Kinematic Viscosity (cSt) 2460 1.869
Lig. Mass Density (Std. Cond) (kg/m3) 1.186 1.186
Lig. Vol. Flow (Std. Cond) {m3/h) 1.019e+005 1.019e+005
Molar Volume (m3/kgmole) 3922 2419
Mass Heat of Vap. {kJikg) 1696 1409
Phase Fraction [Molar Basis] 1.0000 1.0000
Surface Tension (dynefcm) -—- -
Thermal Conductivity (Wim-K) 2.479e-002 3.123e-002
Bubble Point Pressure (kg/cm2 g) -—- o
Viscosity (cP) 1.757e-002 2 165e-002
Cv (Semi-ldeal) {kJ/kgmole-C) 21.09 2162
Mass Cv (Semi-ldeal) (kJ/kg-C) 0.7529 07717
Cv {kJ/kgmole-C) 20.79 21.30
Mass Cv {kJ/kg-C) 0.7421 0.7603
Cv (Ent. Method) (kJ/kgmole-C) - -—-
Mass Cv (Ent. Method) (kJ/kg-C) -— -—-
Cpi/Cv (Ent. Method) -— -—-
Reld VP at37.8C (kg/lcmZ2_g) - -
TrueVP at378C (kg/cm?2_g) -— -—-
Lig. Vol. Flow - Sum(Std. Cond) (m3/h) 1.019e+005 1.019e+005
Viscosity Index -22 22 -23 46
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Hasil
Adiabatic Head (m) 7291 Power Consumed (kW) 3197
Polytropic Head (m) 7535 Polytropic Head Factor 1.000
Adiabatic Fluid Head (kJd/kg) 71.50 Polytropic Exponent 1.594
Polytropic Fluid Head (kJikg) 73.89 Isentropic Exponent 1.409
Adiabatic Efficiency 75 Speed (rpm)
Polytropic Efficiency 78
Total Rotor Power (kW) 3197 Total Rotor Torque (N-m)
Transient Rotor Power (kW) 0.0000 Transient Rotor Torque (MN-m)
Friction Power Loss (kW) 0.0000 Friction Torque Loss (N-m)
Fluid Power (kW) 3197 Fluid Torque (N-m)
Duty (kJ/h) 1.151e+007 Active Head (m) 7535 Not Active
Adiabatic Efficiency 75 Not Active Fluid Head (kJ/kg) 73.89 Not Active
Polytropic Efficiency 78 Active Capacity (ACT_m3/h) 1.690e+004 Not Active
Pressure Increase (kg/cm2) 7.000 Not Active Speed (rpm) — Mot Active
— Use Characteristic Curves No
Speed: — Duty: 3.1974e+03 kW
Adiabatic Eff.: 75.00 PolyTropic Eff.: 77.51
Adiabatic Head: 7291 m Polytropic Head 7535 m
Adiabatic Fluid Head: 71.50 kJ/kg Polytropic Fluid Head: 73.89 kJ/kg
Polytropic Exp. 1.594 Isentropic Exp. 1.409 Poly Head Factor 1.000
Stage 2
Kondisi suction (122) dan discharge (123)
Name 122 @Main 123 @Main
Vapour 1.0000 1.0000
Temperature (C) 45.0000 * 999113
Pressure (kg/cm?2_g) 12.0000 19.0000 *
Molar Flow (kgmole/h) 4310.0000 4310.0000
Mass Flow (kg/h) 120744.7158 120744.7158
Stid Ideal Lig Vol Flow (m3/h) 149.7224 149.7224
Molar Enthalpy (kJ/kgmole) 500.3 2112
Molar Entropy (kJ/kgmole-C) 128.7 1298
Heat Flow (kJ/h) 2.1562e+06 9.1007e+06
Properties
Name 122 @Main 123 @Main
Molecular Weight 28.02 28.02
Molar Density (kgmole/m3) 0.4846 0.6324
Mass Density (kg/m3) 13.58 17.72
Act. Volume Flow (m3/h) 8894 6816
Mass Enthalpy (kJ/kg) 17.86 7537
Mass Entropy (kJ/kg-C) 4 593 4633
Heat Capacity (kJ/kgmole-C) 2983 30.15
Mass Heat Capacity (kJ/kg-C) 1.065 1.076
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Partial Pressure of CO2 (kg/lcm?2_qg) -1.033 -1.033
Cost Based on Flow (Cost/s) 0.0000 0.0000
Act. Gas Flow (ACT_m3/h) 8894 6816
Avg. Lig Density (kgmole/m3) 2879 2879
Specific Heat (kJkgmole-C) 2983 30.15
Std. Gas Flow (STD_m3/h) 1.019e+005 1.019e+005
Std. Ideal Lig. Mass Density (kg/m3) 806 5 806.5
Act Lig. Flow (m3/h) -—- -
Z Factor 0.9971 1.002
Watson K 6414 6.414
Cp/(Cp-R} 1.386 1.381
Cp/Cv 1.418 1.412
Ideal Gas Cp/Cv 1.397 1.392
Ideal Gas Cp (kJ/kgmole-C) 2924 2953
Mass Ideal Gas Cp (kJ/kg-C) 1.044 1.054
Heat of Vap. (kJ/kgmole) 3947 3154
Kinematic Viscosity (cSt) 1.430 1.231
Lig. Mass Density (Std. Cond) (ka/m3) 1.186 1.186
Lig. Vol. Flow (Std. Cond) (m3/h) 1.019e+005 1.019e+005
Liguid Fraction 0.0000 0.0000
Molar Volume {m3/kgmole) 2.064 1.581
Mass Heat of Vap. (kJ/kg) 1409 1126
Thermal Conductivity (W/m-K) 2.775e-002 3.160e-002
Bubble Point Pressure (kg/cm?2 g) -— —
Viscosity (cP) 1.941e-002 2.180e-002
Cv (Semi-Ideal) {(kJ/kgmole-C) 2152 21.83
Mass Cv (Semi-ldeal) (kJ/kg-C) 0.7680 0.7794
Cv (kJ/kgmole-C) 21.04 2135
Mass Cv (kJ/kg-C) 0.7510 0.7622
Cv (Ent. Method) (kJ/kgmole-C) — —
Mass Cv (Ent. Method} (kJ/kg-C) -— -—
Cp/Cv (Ent. Method) -— -—
Reid VP at378C (kg/cm2_qg) -—
TrueVPat378C (kg/cm2_g) -—
Lig. Vol. Flow - Sum{Std. Cond) (m3/h) 1.019e+005 1.019e+005
Viscosity Index -29.57 -30.54
Hasil

Adiabatic Head (m) 4399 Power Consumed (kW) 1929

Polytropic Head (m) 4484 Polytropic Head Factor 0.9999

Adiabatic Fluid Head (kJ/kg) 43.14 Polytropic Exponent 1615

Polytropic Fluid Head (kJ/kg) 43.97 Isentropic Expenent 1416

Adiabatic Efficiency 75 Speed (rpm)

Polytropic Efficiency 76
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Total Rotor Power

(kW) 1929 Total Rotor Torque (N-m)
Transient Rotor Power (kW) 0.0000 Transient Rotor Torque (N-m)
Friction Power Loss (kW) 0.0000 Friction Torque Loss (N-m)
Fluid Power (kW) 1929 Fluid Torque (N-m)
Duty (kJ/h) 6.945e+006 Active Head (m) 4484 Mot Active
Adiabatic Efficiency 75 Mot Active Fluid Head (kd/kg) 43.97 Not Active
Polytropic Efficiency 76 Active Capacity (ACT_m3/h) 8894 Not Active
Pressure Increase (kg/cm2) 7.000 Not Active Speed (rpm) — Mot Active
== Use Characteristic Curves Mo
Speed: — Duty: 1.9290e+03 kW
Adiabatic Eff : 75.00 PolyTropic Eff - 7645
Adiabatic Head: 4399 m Polytropic Head: 4484 m
Adiabatic Fluid Head 43.14 kJ/kg Polytropic Fluid Head: 43.97 kJ/kg
Polytropic Exp 1.615 Isentropic Exp 1.416 Poly Head Factor 0.9999
Stage 3
Kondisi suction (124) dan discharge (125):
Name 124 @Main 125 @Main
Vapour 1.0000 1.0000
Temperature (C) 45.0000 " 82 6175
Pressure (kg/cm2_g) 19.0000 26.0000 *
Molar Flow (kgmole/h) 4310.0000 4310.0000
Mass Flow (kg/h) 120744.7158 120744.7158
Std Ideal Lig Vol Flow (m3/h) 149.7224 149.7224
Molar Enthalpy (kJ/kgmole) 457.0 1558
Molar Entropy (kJ/kgmole-C) 1250 1258
Heat Flow (kJ/h) 1.9696e+06 6.7155e+06
Properties:
Name 124 @Main 125 @Main
Molecular Weight 28.02 28.02
Molar Density (kgmole/m3) 0.7457 0.8956
Mass Density (kg/m3) 20.89 25.09
Act. Volume Flow (m3/h) 5780 4812
Mass Enthalpy (kd/kg) 16.31 55.62
Mass Entropy (kJ/kg-C) 4.461 4 489
Heat Capacity (kJ/kgmole-C) 3014 30.36
Mass Heat Capacity (kJ/kg-C) 1.076 1.084
Act. Gas Flow (ACT_m3/h) 5780 4812
Avg. Lig. Density (kgmole/m3) 2879 28.79
Specific Heat (kd/kgmole-C) 3014 30.36
Std. Gas Flow (STD_m3/h) 1.019e+005 1.019e+005
Sid. Ideal Lig. Mass Density (kg/m3) 806.5 806.5
Z Factor 0.9959 1.001
Watson K 6414 6414
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Cp/(Cp - R) 1.381 1.377
Cp/Cv 1428 1424
Ideal Gas Cp/Cv 1.397 1.394
Ideal Gas Cp (kJ/kgmaole-C) 2924 29 44
Mass Ideal Gas Cp (kJikg-C) 1.044 1.051
Heat of Vap. (kJ/kgmole) 3154 2228
Kinematic Viscosity (cSt) 0.9348 0.8453
Lig. Mass Density (Std. Cond) (kg/m3) 1.186 1.186
Lig. Vol. Flow (Std. Cond) (m3/h) 1.019e+005 1.019e+005
Liquid Fraction 0.0000 0.0000
Molar Volume (m3/kgmole) 1.341 1117
Mass Heat of Vap. (kd/kg) 1126 79.54
Phase Fraction [Molar Basis] 1.0000 1.0000
Thermal Conductivity (W/m-K) 2 807e-002 3.080e-002
Bubble Point Pressure (kg/cm2_qg) —- -—
Viscosity (cP) 1.953e-002 2.121e-002
Cv (Semi-ldeal) (kJ/kgmole-C) 2182 2205
Mass Cv (Semi-Ideal) (kJ/kg-C) 0.7790 0.7870
Cv (kJ/kgmole-C) 21.10 2132
Mass Cv (kJ/kg-C) 0.7531 0.7610
Cv (Ent. Method) (kJ/kgmaole-C) - -
Mass Cv (Ent. Method) (kJ/kg-C) - -—
Cp/Cv (Ent. Method) - -
Reid VP at37.8C (kg/cm2_g) -- -—-
True VP at 37.8 C (kg/lcm?2_g) —- -
Lig. Vol. Flow - Sum(Std. Cond) (m3/h) 1.019e+005 1.019e+005
Viscosity Index -41.13 -42 33

Hasil:

Adiabatic Head (m) 3006 Power Consumed (kW) 1318

Polytropic Head (m) 3047 Polytropic Head Factor 0.9999

Adiabatic Fluid Head (kJ/kg) 29.48 Polytropic Exponent 1.636

Polytropic Fluid Head (kJ/kg) 29.89 Isentropic Exponent 1.426

Adiabatic Efficiency 75 Speed (rpm) —

Polytropic Efficiency 76

Total Rotor Power (kW) 1318 Total Rotor Torque (N-m)

Transient Rotor Power (kW) 0.0000 Transient Rotor Torque (N-m) —

Friction Power Loss (kW) 0.0000 Friction Torque Loss (N-m) -

Fluid Power (kW) 1318 Fluid Torque (N-m) -

Duty (kJ/h) 4 7466+006 Active Head (m) 3047 Not Active

Adiabatic Efficiency 75 Not Active Fluid Head (kJ/kg) 29.89 Mot Active

Polytropic Efficiency 76 Active Capacity (ACT_m3/h) 5780 Not Active

Pressure Increase (kg/lcm2) 7.000 Not Active Speed (rpm) Mot Active
= Use Characteristic Curves No

Speed: — Duty: 1.3183e+03 kKW

Adiabatic Eff: 75.00 PolyTropic Eff. 76.03

Adiabatic Head 3006 m Polytropic Head: 3047 m

Adiabatic Fluid Head: 29.48 kJ/kg Polytropic Fluid Head: 29.89 kJ/kg

Polytropic Exp. 1.636 Isentropic Exp. 1.426 Poly Head Factor 0.9999




Kompresor Hidrogen

Dari simulasi HYSY'S diperoleh:

Stage 1

Kondisi suction (213) dan discharge (215):
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Name 213 @Main 215 @Main
Vapour 1.0000 1.0000
Temperature (C) 45.0000 159.4267
Pressure (kglcm2_g) 2.5000 7.0000 *
Molar Flow (kgmole/h) 6890.0000 6890.0000
Mass Flow (kg/h) 14110.7078 14110.7078
Std Ideal Lig Vol Flow (m3/h) 198.6833 198.6833
Molar Enthalpy (kJ’kgmole) 85.44 3364
Molar Entropy (kJ/kgmole-C) 114.8 116.8
Heat Flow (kJ/h) 5.8867e+05 2.3180e+07
Properties
Molecular Weight 2.048 2.048
Molar Density (kgmole/m3) 0.1308 0.2185
Mass Density (kg/m3) 0.2679 0.4475
Act. Volume Flow (m3/h) 5.266e+004 3.153e+004
Mass Enthalpy (kd/kg) 41.72 1643
Mass Entropy (kJ/kg-C) 56.08 57.03
Heat Capacity (kJ/kgmole-C) 28.50 28.79
Mass Heat Capacity (kJ/kg-C) 13.92 14.06
LHV Molar Basis (Std) (kJ/kgmole) 2.415e+005 2.415e+005
HHV Molar Basis (Std) (kJ/kgmole) 2.825e+005 2.825e+005
HHV Mass Basis (Std) (kJ/kg) 1.379e+005 1.379e+005
LHV Mass Basis (Std) (kJ/kg) 1.179e+005 1.179e+005
Phase Fraction [\Vol. Basis] 1.000 1.000
Phase Fraction [Mass Basis] 1.000 1.000
| Phase Fraction [Act. Vol. Basis] 1.000 1.000 |
Mass Exergy (kJ/kg) 1498 2814
Partial Pressure of CO2 (kg/cm2_qg) -1.033 -1.033
Cost Based on Flow (Cost/s) 0.0000 0.0000
Act. Gas Flow (ACT_m3/h) 5.266e+004 3.153e+004 |
Avg. Lig. Density (kgmole/m3) 34.68 34.68
Specific Heat (kJ/kgmole-C) 28.50 28.79
Std. Gas Flow (STD_m3/h) 1.629e+005 1.629e+005
Std. Ideal Liq. Mass Density  (kg/m3) 71.02 71.02
Act. Lig. Flow (m3/h) 0.0000 -
Z Factor --- 1.002
Watson K 47.60 47.60
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Cp/(Cp - R) 1412 1.406
Cp/Cv 1.413 1.407
Ideal Gas Cp/Cv 1412 1.407
Ideal Gas Cp (kJ/kgmole-C) 28.48 28.76
Mass Ideal Gas Cp (kJ/kg-C) 13.91 14.04
Heat of Vap. (kJ/kgmole) 8112 8210
Kinematic Viscosity (cSt) 34.41 26.47
Lig. Mass Density (Std. Cond) (kg/m3) 8.659e-002 8.659e-002
Lig. Vol. Flow (Std. Cond) (m3/h) 1.630e+005 1.630e+005
Liquid Fraction 0.0000 0.0000
Molar Volume (m3/kgmole) 7.643 4577
Mass Heat of Vap. (kJ/kg) 3961 4009
Phase Fraction [Molar Basis] 1.0000 1.0000
Surface Tension (dyne/cm) -— -
Thermal Conductivity (W/m-K) 0.1834 0.2318
Viscosity (cP) 9.220e-003 1.185e-002
Cv (Semi-Ideal) (kJ/kgmole-C) 20.19 20.47
Mass Cv (Semi-ldeal) (kJ/kg-C) 9.858 9.997
Cv (kJ/kgmole-C) 20.17 20.45
Mass Cv (kJ/kg-C) 9.849 9.988

Hasil

Adiabatic Head (m) 1.224e+005 Power Consumed (kW) 6275

Polytropic Head (m) 1.269e+005 Paolytropic Head Factor 1.000

Adiabatic Fluid Head (kJ/kg) 1201 Paolytropic Exponent 1.602

Polytropic Fluid Head (kJrkg) 1244 Isentropic Exponent 1414

Adiabatic Efficiency 75 Speed (rpm) —

Palytropic Efficiency 78 —

Total Rotor Power (kW) 6275 Total Rotor Torque (N-m) —

Transient Rotor Power (kW) 0.0000 Transient Rotor Torque (N-m) -

Friction Power Loss (kW) 0.0000 Friction Torque Loss (N-m) -

Fluid Power (kW) 6275 Fluid Torque (N-m)

Duty (kJih) 2.259e+007 Active | Head (m) | 1.269¢+005 Not Active

Adiabatic Efficiency 75 Not Active [ Fluid Head (kJ/kg) 1244 Not Active

Polytropic Efficiency 78 Active [ Capacity (ACT_m3/h) | 5.266e+004 Not Active

Pressure Increase (kg/cm2) 4.500 Not Active [ Speed (rpm) | Not Active

- Use Characteristic Curves | No

Speed: — | Duty: 6.2753e+03 kW

Adiabatic Eff.: 7500 | PolyTropic Eff.: 77.72

Adiabatic Head: 1.224e+005 m [ Polytropic Head: 1.269e+005 m

Adiabatic Fluid Head: 1201 kJ/kg [ Polytropic Fluid Head: 1244 kJ/kg

Polytropic Exp. 1.602 Isentropic Exp. 1.414 Poly Head Factor 1.000
Stage 2

Kondisi suction (217) dan discharge (219):
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Name 217 @Main 219 @Main
Vapour 1.0000 1.0000
Temperature (C) 45.0000 148.7230
Pressure (kg/cm2_g) 7.0000 16.0000
Molar Flow (kgmole/h) 6890.0000 6890.0000
Mass Flow (kg/h) 14110.7078 14110.7078
Std Ideal Lig Vol Flow (m3/h) 198.6833 198.6833
Molar Enthalpy (kJ’kgmole) 85.43 3061
Molar Entropy (kJ/kgmole-C) 108.0 109.8
Heat Flow (kJ/h) 5.8860e+05 2.1088e+07
Properties
Molecular Weight 2.048 2.048
Molar Density (kgmole/m3) 0.2970 0.4737
Mass Density (kg/m3) 0.6083 0.9702 |
Act. Volume Flow (m3/h) | 2.320e+004 | 1.454e+004
Mass Enthalpy (kJ/kg) 41.71 1494
Mass Entropy (kJ/kg-C) 52.74 53.62
Heat Capacity (kJ/kgmole-C) 28.53 28.79
Mass Heat Capacity (kJ/kg-C) 13.93 14.06
LHV Molar Basis (Std) (kJ/kgmole) 2.415e+005 2.415e+005
HHV Molar Basis (Std) (kJ/kgmole) 2.825e+005 2.825e+005
HHV Mass Basis (Std) (kd/kg) 1.379e+005 1.379e+005
Act. Gas Flow (ACT_m3/h) 2.320e+004 1.454e+004
Avg. Lig. Density (kgmole/m3) 34.68 34.68
Specific Heat (kJ/kgmole-C) 28.53 28.79
Std. Gas Flow (STD_m3/h) 1.629e+005 1.629e+005
Std. Ideal Lig. Mass Density (kg/m3) 71.02 71.02
Act. Lig. Flow (m3/h) 0.0000 -
Z Factor - 1.005
Watson K 47.60 47.60
Cp/(Cp-R) 1.411 1.406
Cp/Cv 1.414 1.409
Ideal Gas Cp/Cv _ 1412 1407
_ Ideal Gas Cp (kJ/kgmole-C) | 2848 28.73
Mass Ideal Gas Cp (kJ/kg-C) 13.91 14.03
Heat of Vap. (kJ/kgmole) 8210 8237
Kinematic Viscosity (cSt) 15.17 12.00
Lig. Mass Density (Std. Cond) (kg/m3) 8.659e-002 8.659e-002
Lig. Vol. Flow (Std. Cond) (m3/h) 1.630e+005 1.630e+005
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Liquid Fraction 0.0000 0.0000
 Molar Volume (m3/kgmole) 3367 2111
~ Mass Heat of Vap. (kJ/kg) 4009 4022

Phase Fraction [Molar Basis] 1.0000 1.0000

Surface Tension (dyne/cm) -— -

Thermal Conductivity (W/m-K) 0.1836 0.2279

Viscosity (cP) 9.227e-003 1.164e-002

Cv (Semi-Ideal) (kJ/kgmole-C) 20.22 20.48

Mass Cv (Semi-Ideal) (kJ/kg-C) 9.872 10.00

Cv (kJ/kgmole-C) 20.18 20.44

Mass Cv (kJ/kg-C) 9.852 9.978

Cv (Ent. Method) (kJ/kgmole-C) - -

Mass Cv (Ent. Method) (kJ/kg-C) - -

Cp/Cv (Ent. Method) - ---

Reid VP at37.8 C (kg/cm2_qg) -— -—

True VP at37.8C (kg/lcm2_g) - -

Lig. Vol. Flow - Sum(Std. Cond) (m3/h) 1.630e+005 1.630e+005

Viscosity Index 6.195 6.524
Hasil
Adiabatic Head (m) 1.111e+005 Power Consumed (kW) 5694
Polytropic Head (m) 1.148e+005 Polytropic Head Factor 0.9999
Adiabatic Fluid Head (kJ/kg) 1090 Polytropic Exponent 1.610
Polytropic Fluid Head (kJ/kg) 1126 Isentropic Exponent 1.418
Adiabatic Efficiency 75 Speed (rpm) -

Palytropic Efficiency 78 —

Total Rotor Power (kW) 5694 Total Rotor Torgue (N-m) -

Transient Rotor Power (kW) 0.0000 Transient Rotor Torque (N-m) -

Friction Power Loss (kW) | 0.0000 | Friction Torque Loss (N-m) | =
Fluid Power (kW) 5694 Fluid Torque (N-m) =
Duty (kd/h) 2.050e+007 Active Head (m) 1.148e+005 Not Active
Adiabatic Efficiency 75 Not Active Fluid Head (kJikg) 1126 Not Active
| Polytropic Efficiency 78 Active Capacity (ACT_m3/h) 2.320e+004 Not Active
Pressure Increase (kg/cm2) 9.000 Not Active Speed (rpm) - Not Active

- Use Characteristic Curves No

Speed: - Duty: 5.6944e+03 kW
Adiabatic Eff.: 75.00 PolyTropic Eff.: 77.51
Adiabatic Head: 1.111e+005m Polytropic Head: 1.148e+005 m
Adiabatic Fluid Head: 1090 kJ/kg Polytropic Fluid Head: 1126 kJikg
Polytropic Exp. 1.610 Isentropic Exp 1.418 ‘ Poly Head Factor 0.9999
Stage 3
Kondisi suction (221) dan discharge (223):

Name 221 @Main 223 @Main

Vapour 1.0000 1.0000

Temperature (C) 45.0000 106.2099

Pressure (kg/cm2_q) 16.0000 26.0000 *

Molar Flow (kgmole/h) 6890.0000 6890.0000
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Cp/Cv (Ent. Method)

Reid VP at37.8 C

(kg/cm2_g)

Mass Flow (kg/h) 14110.7078 14110.7078
Std Ideal Lig Vol Flow (m3/h) 198.6833 198.6833
Molar Enthalpy (kJ/kgmole) 85.62 1842
Molar Entropy (kJ/kgmole-C) 101.7 102.9
Heat Flow (kd/n) 5.8991e+05 1.2693e+07
Properties
Molecular Weight 2.048 2.048
Molar Density (kgmole/m3) 0.6279 0.8332
Mass Density (kg/m3) 1.286 1.706
Act. Volume Flow (m3/h) 1.097e+004 8270
Mass Enthalpy (kJ/kg) 41.81 899.5
Mass Entropy (kJ/kg-C) 49.67 50.25
Heat Capacity (kJ/kgmole-C) 28.59 28.74
Mass Heat Capacity (kd/kg-C) 13.96 14.04
LHV Molar Basis (Std) (kJ’kgmole) 2.415e+005 2.415e+005
HHV Molar Basis (Std) (kJ’kgmole) 2.825e+005 2.825e+005
HHV Mass Basis (Std) (kJ/kg) 1.379e+005 1.379e+005
Act. Gas Flow (ACT_ma3/h) 1.097e+004 8270
Avg. Lig. Density (kgmole/m3) 34.68 34.68
Specific Heat (kJ/kgmole-C) 28.59 28.74
Std. Gas Flow (STD_m3/h) 1.629e+005 1.629e+005
Std. Ideal Liqg. Mass Density (kg/m3) 71.02 71.02
Act. Liq. Flow (m3/h) 0.0000 -
Z Factor - 1.009
Watson K 47.60 47 .60
Cp/(Cp-R) 1.410 1.407
Cp/Cv 1.416 1413
Ideal Gas Cp/Cv 1.412 1.409
Ideal Gas Cp (kJ/kgmole-C) 2848 28.63
Mass Ideal Gas Cp (kJ/kg-C) 13.91 13.98
Heat of Vap. (kJ/kgmole) 8237 8428
Kinematic Viscosity (cSt) 7.187 6.288
Viscosity (cP) 9.241e-003 1.073e-002
Cv (Semi-ldeal) (kJ’kgmole-C) 20.28 20.43
Mass Cv (Semi-Ideal) (kJ/kg-C) 9.900 9.975
Cv (kJ/kgmole-C) 20.19 20.34
Mass Cv (kJ/kg-C) 9.858 9.932
Cv (Ent. Method) (kJ/kgmole-C) --- -—-
Mass Cv (Ent. Method) (kJ/kg-C) --- -
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True VP at37.8 C (kg/cm2_g) - -
Lig. Vol. Flow - Sum(Std. Cond) (m3/h) 1.630e+005 1.630e+005
Viscosity Index 2.930 3.242
Hasil
__Adiabatic Head (m) 6.560e+004 | Power Consumed (kW) 3362
Polytropic Head (m) 6.699e+004 Polytropic Head Factor 0.9998
Adiabatic Fluid Head (kJ/kg) 643.3 Polytropic Exponent 1633
Polytropic Fluid Head (kJ/kg) 657.0 Isentropic Exponent 1.426
Adiabatic Efficiency i Speed (rpm) -
Polytropic Efficiency 77 —
Total Rotor Power (kW) 3362 Total Rotor Torgue (N-m) -
Transient Rotor Power (kW) 0.0000 Transient Rotor Torque (N-m) -
Friction Power Loss (kW) 0.0000 Friction Torque Loss (N-m) -
Fluid Power (kW) 3362 Fluid Torque (N-m) -
Duty (kJ/h) 1.210e+007 Active Head (m) 6.699e+004 Not Active
Adiabatic Efficiency 75 Not Active | Fluid Head (kJ/kg) 657.0 Not Active
Polytropic Efficiency T Active | Capacity (ACT_m3/h) 1.097e+004 Not Active
Pressure Increase (kglem2) 10.00 Not Active | Speed (rpm) — Not Active
- | Use Characteristic Curves No
Speed: — | Duty: 3.3620e+03 kW
Adiabatic ETf.: 75.00 PolyTropic Eff.: 76.59
Adiabatic Head: 6.560e+004 m Polytropic Head: 6.699e+004 m
Adiabatic Fluid Head: 643.3 kJ/kg Polytropic Fiuid Head: 657.0 kdikg
| Polytropic Exp. 1.633 Isentropic Exp. 1.426 [ Poly Head Factor 0.9998
Kompresor Syngas
Dari simulasi HYSYS diperoleh:
Stage 1
Kondisi suction (304) dan discharge (306):
Name 304 @Main 306 @Main
Vapour 1.0000 1.0000
Temperature (C) 40.0000 * 171.4238
Pressure (kg/lem2_g) 25.0000 * 66.0000 *
Molar Flow (kgmole/h) 9172.4400 9172.4400
Mass Flow (kg/h) 78550.2244 78550.2244
Std Ideal Lig Vol Flow (m3/h) 278.2825 278.2825
Molar Enthalpy (kJ/kgmole) 4026 4233
Molar Entropy (kJ/kgmole-C) 108.5 110.7
Heat Flow (kJ/h) 3.6925e+06 3.8830e+07
Properties
Name 304 @Main 306 @Main
Molecular Weight 8.564 8.564
Molar Density (kgmole/m3) 0.9736 1.741
Mass Density (kg/m3) 8.338 14.91
Act. Volume Flow (m3/h) 9421 5269
Mass Enthalpy (kJ/kg) 47.01 4943
Mass Entropy (kJ/kg-C) 12.66 12.93
Heat Capacity (kJ/kgmole-C) 28.99 29.44
Mass Heat Capacity (kd/kg-C) 3.385 3.438
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LHV Molar Basis (Std) (kJ/kgmole) 1.810e+005 1.810e+005
HHV Molar Basis (Std) (kJ/kgmole) 2 117e+005 2.117e+005
HHV Mass Basis (Std) (kd/kg) 2 472e+004 2 472e+004
LHV Mass Basis (Std) (kJ/kg) 2.114e+004 2.114e+004
Phase Fraction [Vol. Basis] 1.000 1.000
Phase Fraction [Mass Basis] 1.000 1.000
Phase Fraction [Act. Vol. Basis] 1.000 1.000
Mass Exergy (kd/kg) 937.0 1306
Partial Pressure of CO2 (kg/lcm2_g) -1.033 -1.033
Cost Based on Flow (Cost/s) 0.0000 0.0000
Act. Gas Flow (ACT_m3/h) 9421 5269
Avg. Lig. Density (kgmole/m3) 32.96 32.96
Specific Heat (kJ/kgmole-C) 28.99 29.44
Std. Gas Flow (STD_m3/h) 2.169e+005 2.169e+005
Std. Ideal Liq. Mass Density (kg/m3) 2823 282.3
Act. Lig. Flow (m3/h) - -—
Z Factor 1.007 1.022
Watson K 13.86 13.86
Cp/(Cp-R) 1.402 1.394

Cp/Cv 1.421 1.412
Ideal Gas Cp/Cv 1.409 1.401

Ideal Gas Cp (kd/kgmole-C) 28.65 29.07
Mass Ideal Gas Cp (kJ/kg-C) 3.345 3.394
Heat of Vap. (kJ/kgmole) 3606 3219
Kinematic Viscosity (cSt) 1.325 1.012
Lig. Mass Density (Std. Cond) (kg/m3) 0.3621 0.3621

Lig. Vol. Flow (Std. Cond) (m3/h) 2.169e+005 2.169e+005
Liquid Fraction 0.0000 0.0000
Molar Volume (m3/kgmole) 1.027 0.5744
Mass Heat of Vap. (kJ/kg) 421.0 3759
Thermal Conductivity (W/m-K) 0.1134 0.1487
Bubble Point Pressure (kg/cm2_qg) - -
Viscosity (cP) 1.105e-002 1.509e-002
Cv (Semi-Ideal) (kJ/kgmole-C) 20.68 2112
Mass Cv (Semi-ldeal) (kJ/kg-C) 2.414 2.467
Cv (kJ/kgmole-C) 2040 20.85
Mass Cv (kJ/kg-C) 2.382 2435
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Hasil
Adiabatic Head (m) 3.421e+004 Power Consumed (kW) 9760
Polytropic Head (m) 3.560e+004 Polytropic Head Factor 0.9992
Adiabatic Fluid Head (kJ/kg) 335.5 Polytropic Exponent 1.627
Polytropic Fluid Head (kJ/kg) 349.2 Isentropic Exponent 1.440
Adiabatic Efficiency 75 Speed (rpm)
Polytropic Efficiency 78 —
Total Rotor Power W) | 9760 Total Rotor Torque (N-m) —
Transient Rotor Power &kwW) | 0.0000 Transient Rotor Torque (N-m) s
Friction Power Loss kW) | 0.0000 Friction Torque Loss (N-m) -
Fluid Power kw) | 9760 Fluid Torque (N-m) —
Duty (kJ/h) 3.514e+007 Active Head (m) 3.560e+004 Not Active
Adiabatic Efficiency 75 Not Active | Fluid Head (kJ/kg) 349.2 Not Active
Polytropic Efficiency 78 Active | Capacity (ACT_m3/h) 9421 Not Active
Pressure Increase (kg/cm2) 41.00 Not Active Speed {rpm) - Not Active
- Use Characteristic Curves No
Speed: — Duty: 9.7604e+03 kW
Adiabatic Eff.: 75.00 PolyTropic Eff.: 78.06
Adiabatic Head: 3.421e+004 m Polytropic Head: 3.560e+004 m
Adiabatic Fluid Head: 335.5 kJikg Polytropic Fluid Head: 349.2 kJ/kg
Polytropic Exp. 1.627 Isentropic Exp. 1.440 ‘ Poly Head Factor 0.9992
Stage 2
Kondisi suction (307) dan discharge (308):
Name 307 @Main 308 @Main
\apour 1.0000 1.0000 *
Temperature (C) 45.0000 * 130.4867
Pressure (kglcm2_g) 66.0000 125.0000 *
Molar Flow (kgmole/h) 9172.4400 9172.4400
Mass Flow (kg/h) 78550.2244 78550.2244
Std Ideal Liq Vol Flow (m3/h) 278.2825 278.2825
Molar Enthalpy (kJ/kgmole) 516.8 3038
Molar Entropy (kJ/kgmole-C) 100.9 102.5
Heat Flow (kJ/h) 4.7402e+06 2.7863e+07
Properties
Molecular Weight 8.564 8.564
Molar Density (kgmole/m3) 2.435 3.531
Mass Density (kg/m3) 20.85 30.24
Act. Volume Flow (m3/h) 3767 2598
Mass Enthalpy (kJ/kg) 60.35 354.7
Mass Entropy (kJ/kg-C) 11.78 11.96
Heat Capacity (kJ/kgmole-C) 29.45 29.73
Mass Heat Capacity (kd/kg-C) 3.439 3472
LHV Molar Basis (Std) (kJ/kgmole) 1.810e+005 1.810e+005
HHV Molar Basis (Std) (kJ/kgmole) 2.117e+005 2.117e+005
HHV Mass Basis (Std) (kJ/kg) 2.472e+004 2.472e+004
LHV Mass Basis (Std) (kJ/kg) 2.114e+004 2.114e+004
Phase Fraction [Vol. Basis] 1.000 1.000
Phase Fraction [Mass Basis] 1.000 1.000
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|

Use Characteristic Curves

Act. Gas Flow (ACT_m3/h) 3767 2598
Avq. Lig. Density (kgmole/m3) 32.96 32.96
Specific Heat (kJ/kgmole-C) 29.45 29.73
Std. Gas Flow (STD_ma3/h) 2.169e+005 2.169e+005
Std. Ideal Lig. Mass Density (kg/m3) 282.3 282.3
Act. Lig. Flow (m3/h) - -
Z Factor 1.021 1.043
Watson K 13.86 13.86
Cp/(Cp-R) 1.393 1.388
Cp/Cv 1.436 1.428
Ideal Gas Cp/Cv 1.409 1.403
Ideal Gas Cp (kJ/kgmole-C) 28.66 28.93
Mass Ideal Gas Cp (kJ/kg-C) 3.347 3.378
Heat of Vap. (kJ/kgmole) 3219 -
Kinematic Viscosity (cSt) 0.5452 0.4659
Lig. Mass Density (Std. Cond) (kg/m3) 0.3621 0.3621
Lig. Vol. Flow (Std. Cond) (m3/h) 2.169e+005 2.169e+005
Thermal Conductivity (W/m-K) 0.1165 0.1406
Bubble Point Pressure (kg/cm2_q) - -
Viscosity (cP) 1.137e-002 1.409e-002
Cv (Semi-ldeal) (kJ/kgmole-C) 21.14 21.42
Mass Cv (Semi-Ideal) (kJ/kg-C) 2.468 2.501
Cv (kJ/kgmole-C) 20.51 20.82
Mass Cv (kd/kg-C) 2.396 2432
Cv (Ent. Method) (kd/kgmole-C) -—- -
Mass Cv (Ent. Method) (kd/kg-C) -—- -—
Cp/Cv (Ent. Method) -—- -—
Reid VP at37.86 C (kg/cm2_g) -
TrueVPat37.8C (kg/cm2_g) - -
Lig. Vol. Flow - Sum(Std. Cond) (m3/h) 2.169e+005 2.169e+005
Viscosity Index -52.84 -47.54
Hasil

Adiabatic Head (m) 2.251e+004 [ Power Consumed (kW) 6423

Polytropic Head (m) 2.315e+004 [ Polytropic Head Factor 0.9989

Adiabatic Fiuid Head (kJ/kg) 2208 [ Polytropic Exponent 1.699

Palytropic Fluid Head (kd/kg) 227.0 | Isentropic Exponent 1.485

Adiabatic Efficiency 75 | Speed (rpm) -

Polytropic Efficiency 77 [ —

Total Rotor Power (kW) 6423 Total Rotor Torgue (N-m) -

Transient Rotor Power (kW) 0.0000 Transient Rotor Torque (N-m) -

Friction Power Loss (kW) 0.0000 Friction Torque Loss (N-m) —

Fluid Power (kW) 6423 Fluid Torque (N-m) —

Duty (kJ/h) 2.312e+007 | Active Head (m) 2.315e+004 Not Active

Adiabatic Efficiency | 75 | Not Active Fluid Head (kJrkg) 227.0 Mot Active

Polytropic Efficiency | 77 | Active Capacity (ACT_m3/h) 3767 Not Active

Pressure Increase (kglem2) | 59.00 | NotActive | Speed (rpm) =5 Not Active

No
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Speed — Duty: 6.4229e+03 kW
Adiabatic Eff.: 75.00 PolyTropic Eff.: 77.11
Adiabatic Head: 2.251e+004 m Polytropic Head: 2.315e+004 m
Adiabatic Fluid Head: 220.8 kJ/kg Polytropic Fluid Head: 227.0 kJikg

| Polytropic Exp. 1.699 Isentropic Exp. 1.485 Poly Head Factor 0.9989 |

Stage 3
Kondisi suction (309) dan discharge (310):

Name 309 @Main 310 @Main
Vapour 1.0000 1.0000
Temperature (C) 25.1037 50.6531
Pressure (kg/lcm2_g) 125.0000 155.0000 *
Molar Flow (kgmole/h) 25124.8115 25124.8115
Mass Flow (kg/h) 221329.1029 221329.1029
Std Ideal Liq Vol Flow (m3/h) 762.4744 762.4744
Molar Enthalpy (kJ/kgmole) -983.9 1777
Molar Entropy (kJ/kgmole-C) 94 .41 95.00
Heat Flow (kd/h) -1.4671e+07 4.4635e+06
Properties

Molecular Weight 8.809 8.809
Molar Density (kgmole/m3) 4.796 5.396
Mass Density (kg/m3) 42.25 47 .53
Act. Volume Flow (m3/h) 5239 4657
Mass Enthalpy (kJ/kg) -66.29 20.17
Mass Entropy (kJ/kg-C) 10.72 10.78
Heat Capacity (kJ/kgmole-C) 30.31 30.37
Mass Heat Capacity (kJ/kg-C) 3.441 3.448
LHV Molar Basis (Std) (kJ/kgmole) 1.809e+005 1.809e+005
HHV Molar Basis (Std) (kJ/kgmole) 2.116e+005 2.116e+005
HHV Mass Basis (Std) (kJ/kg) 2.402e+004 2.402e+004
Act. Gas Flow (ACT_m3/h) 5239 4657
Avg. Lig. Density (kgmole/m3) 32.95 32.95
Specific Heat (kd/kgmole-C) 30.31 30.37
Std. Gas Flow (STD_m3/h) 5.941e+005 5.941e+005
Std. Ideal Lig. Mass Density (kg/m3) 290.3 290.3
Act. Lig. Flow (m3/h) -— -
Z Factor 1.039 1.053
Watson K 13.71 13.71
Cp/(Cp-R) 1.378 1.377
Cp/Cv 1.463 1.459
Ideal Gas Cp/Cv 1.408 1.407
Ideal Gas Cp (kJ/kgmole-C) 28.68 28.76
Heat of Vap. (kJ/kgmole) 7617 7576
Kinematic Viscosity (cSt) 0.2650 0.2533
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Thermal Conductivity (W/m-K) 0.1114 0.1193
Bubble Point Pressure (kg/icm2_g) - -—
Viscosity (cP) 1.119e-002 1.204e-002
Cv (Semi-ldeal) (kJ/kgmole-C) 22.00 22.06
Mass Cv (Semi-ldeal) (kJ/kg-C) 2.497 2504
Cv (kJ/kgmole-C) 20.72 20.82
Mass Cv (kd/kg-C) 2.352 2.363
Cv (Ent. Method) (kJ/kgmole-C) 20.68 20.74
Mass Cv (Ent. Method) (kJ/kg-C) 2.347 2.354
Cp/Cv (Ent. Method) 1.466 1.464
Reid VP at37.8C (kg/cm2_g) - -—
TrueVP at378C (kg/cm2_g) - -
Lig. Vol. Flow - Sum(Std. Cond) (m3/h) 5.942e+005 5.942e+005
Viscosity Index - -
Hasil
Adiabatic Head (m) 6612 Power Consumed (kW) 5315
Polytropic Head (m) 6679 Polytropic Head Factor 0.9991
Adiabatic Fluid Head (kJ/kg) 64.84 Polytropic Exponent 1.811
Polytropic Fluid Head (kJ/ka) 65.49 ‘ Isentropic Exponent 1.551
Adiabatic Efficiency 75 | Speed (rpm) -
Polytropic Efficiency 76 =
Total Rotor Power (kW) 5315 Total Rotor Torgue (N-m) -
Transient Rotor Power (kW) 0.0000 Transient Rotor Torgue (N-m) -
Friction Power Loss (kW) 0.0000 Friction Torque Loss (N-m) —
Fluid Power (kW) 5315 Fluid Torque (N-m) —
Duty (kJ/h) 1.913e+007 Active Head (m) 6679 Not Active
Adiabatic Efficiency 75 Not Active Fluid Head (kJrkg) 65.49 Not Active
Polytropic Efficiency 76 Active Capacity (ACT_m3/h) 5239 Not Active
Pressure Increase (kg/em2) 30.00 Not Active Speed (rpm) — Not Active
— Use Characteristic Curves No
Speed -- | Duty: 5.3151e+03 kW
Adiabatic Eff.: 75.00 | PolyTropic Eff.: 75.76
Adiabatic Head: 6612 m Polytropic Head: 6679 m
Adiabatic Fluid Head: 64.84 kd/kg Polytropic Fluid Head: 65.49 kJikg
Polytropic Exp. 1.811 Isentropic Exp. 1.551 | Poly Head Factor 0.9991
Kompresor Refrigerant
Dari simulasi HYSYS diperoleh:
Stage 1
Kondisi suction (Refrigerant Compresor) dan discharge (201):
Name erant Compressor @Main 201 @Main
Vapour 1.0000 1.0000
Temperature (C) -34.9991 122.4315
Pressure (kg/em2_g) -0.1000 4.2750 *
Molar Flow (kgmole/h) 5297.6815 5297.6815
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Mass Flow (kg/h) 90219.5189 90219.5189
Std Ideal Liq Vol Flow (m3/h) 146.4436 146.4436
Molar Enthalpy (kd/kgmole) -4.789e+004 -4.231e+004
Molar Entropy (kJ’kgmole-C) 163.4 167.1
Heat Flow (kJ/h) -2.5368e+08 -2.2412e+08
Properties
Molecular Weight 17.03 17.03
Molar Density (kgmole/m3) 4.687e-002 0.1614
Mass Density (kg/m3) 0.7983 2.748
Act. Volume Flow (m3/h) 1.130e+005 3.283e+004
Mass Enthalpy (kJ/kg) -2812 -2484
Mass Entropy (kJ/kg-C) 9.594 9.811
Heat Capacity (kJ/kgmole-C) 34.89 39.06
Mass Heat Capacity (kJ/kg-C) 2.049 2.294
LHV Molar Basis (Std) (kJ/kgmole) 3.168e+005 3.168e+005
HHV Molar Basis (Std) (kJ/kgmole) 3.783e+005 3.783e+005
HHV Mass Basis (Std) (kJ/kg) 2.222e+004 2.222e+004
Act. Gas Flow (ACT_m3/h) 1.130e+005 3.283e+004
Avg. Lig. Density (kgmole/m3) 36.18 36.18
Specific Heat (kJ/kgmole-C) 34.89 39.06
Std. Gas Flow (STD m3/h) 1.253e+005 1.253e+005
Std. Ideal Lig. Mass Density (kg/m3) 616.1 616.1
Act. Lig. Flow (m3/h) - -
Z Factor 0.9860 0.9809
Watson K 12.24 12.24
Cp/(Cp-R) 1.313 1.270
Cp/Cv 1.332 1.300
Ideal Gas Cp/Cv 1.318 1.278
Ideal Gas Cp (kJ/kgmole-C) 34.46 38.25
Mass Ideal Gas Cp (kJ/kg-C) 2.023 2.246
Heat of Vap. (kJ/kgmole) 2.379e+004 2.176e+004
Kinematic Viscosity (cSt) 8.177 4176
Lig. Mass Density (Std. Cond) (kg/m3) 612.3 612.3
Lig. Vol. Flow (Std. Cond) (m3/h) 147.3 147.3
Liquid Fraction 0.0000 0.0000
Molar Volume (m3/kgmole) 21.33 6.198
Mass Heat of Vap. (kJ/kg) 1397 1278
Thermal Conductivity (W/m-K) 1.986e-002 3.926e-002
Bubble Point Pressure (kg/cm2_qg) -9.999e-002 95.74
Viscosity (cP) 6.528e-003 1.148e-002
Cv (Semi-ldeal) (kJ/kgmale-C) 26.57 30.74
Mass Cv (Semi-ldeal) (kJ/kg-C) 1.560 1.805




cv (kJ/kgmole-C) 26.19 30.06
Mass Cv (kJ/kg-C) 1538 1.765
Cv (Ent. Method) (kJ/kgmole-C) - -—
Mass Cv (Ent. Method) (kJ/kg-C) - -
Cp/Cv (Ent. Method) - -
Reid VP at 37.8 C (kg/cm2_g) 13.76 13.76
True VP at 37.8 C (kg/cm2_q) 13.76 13.76
Lig. Vol. Flow - Sum(Std. Cond) (m3/h) 147.3 147.3
Viscosity Index -15.76 -10.53
Hasil
Adiabatic Head (m) 2.505e+004 Power Consumed (kW) 8210
Polytropic Head (m) 2.647e+004 Polytropic Head Factor 1.003
Adiabatic Fluid Head (kJ/kg) 245.7 Polytropic Exponent 1.406
Polytropic Fluid Head (kJikg) 259.6 Isentropic Exponent 1.299
| Adiabatic Efficiency 75 Speed (rpm) -
Polytropic Efficiency 79 .
Total Rotor Power (kW) 8210 Total Rotor Torgue (N-m) —
Transient Rotor Power (kW) 0.0000 Transient Rotor Torque (N-m) —
Friction Power Loss (kW) 0.0000 Friction Torque Loss (N-m) -
Fluid Power (kW) 8210 Fluid Torque (N-m) -
Duty (kJ/h) 2.956e+007 Active Head (m) 2.647e+004 Not Active
Adiabatic Efficiency 75 Not Active Fluid Head (kJdika) 259.6 Not Active
Polytropic Efficiency 79 Active Capacity (ACT_m3/h) 1.130e+005 Not Active
Pressure Increase (kg/em2) 4375 Not Active Speed (rpm) — Not Active
- Use Characteristic Curves No
Speed: — Duty: 8.2100e+03 kW
Adiabatic Eff.: 75.00 PolyTropic Eff.: 79.24
Adiabatic Head: 2.505e+004 m Polytropic Head: 2.647e+004 m
Adiabatic Fluid Head: 245.7 kJlkg Polytropic Fluid Head: 259.6 kJ/kg
Polytropic Exp. 1.406 Isentropic Exp. 1.299 Poly Head Factor 1.003
Stage 2
Kondisi suction (202) dan discharge (203):
Name 202 @Main 203 @Main
Vapour 1.0000 1.0000
Temperature (C) 45.0000 * 121.2387
Pressure (kg/cm2_g) 4.2750 * 10.0000 *
Molar Flow (kgmole/h) 5297.6815 5297.6815
Mass Flow (kg/h) 90219.5189 90219.5189
Std Ideal Lig Vol Flow (m3/h) 146.4436 146.4436
Molar Enthalpy (kJlkgmole) -4.527e+004 -4.257e+004
Molar Entropy (kJ/kgmole-C) 158.8 160.5
Heat Flow (kJ/h) -2.3981e+08 -2.2552e+08
Properties
Molecular Weight 17.03 17.03
Molar Density (kgmole/m3) 0.2043 0.3439
Mass Density (kg/m3) 3.479 5.857
Act. Volume Flow (m3/h) 2.593e+004 1.540e+004
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Mass Enthalpy (kJ/kg) -2658 -2500
Mass Entropy (kJ/kg-C) 9.322 9.425
Heat Capacity (kJ/kgmole-C) 37.55 40.00
Mass Heat Capacity (kJ/kg-C) 2.205 2.349
LHV Molar Basis (Std) (kJ/kgmole) 3.168e+005 3.168e+005
HHV Molar Basis (Std) (kJ/kgmole) 3.783e+005 3.783e+005
HHV Mass Basis (Std) (kd/kg) 2.222e+004 2.222e+004
Act. Gas Flow (ACT_ma3/h) 2.593e+004 1.540e+004
Avg. Lig. Density (kgmole/m3) 36.18 36.18
Specific Heat (kJ/kgmole-C) 37.55 40.00
Std. Gas Flow (STD_m3/h) 1.253e+005 1.253e+005
Std. Ideal Lig. Mass Density (kg/m3) 616.1 616.1
Act. Lig. Flow (m3/h) - -
Z Factor 0.9632 0.9595
Watson K 12.24 12.24
Cp/(Cp - R) 1.284 1.262
Cp/Cv 1.340 1.326
Ideal Gas Cp/Cv 1.298 1.278
Ideal Gas Cp (kJ/kgmole-C) 36.17 38.22
Mass Ideal Gas Cp (kJ/kg-C) 2124 2.244
Heat of Vap. (kJ/kgmole) 2.176e+004 2.038e+004
Kinematic Viscosity (cSt) 2.601 1.970
Lig. Mass Density (Std. Cond) (kg/m3) 612.3 612.3
Lig. Vol. Flow (Std. Cond) (m3/h) 147.3 147.3
Liquid Fraction 0.0000 0.0000
Molar Volume (m3/kgmole) 4.894 2.908
Mass Heat of Vap. (kJ/kg) 1278 1197
Thermal Conductivity (W/m-K) 2.955e-002 3.980e-002
Bubble Point Pressure (kg/cm2_g) 17.03 93.71
Viscosity (cP) 9.051e-003 1.154e-002
Cv (Semi-ldeal) (kJ’kgmole-C) 29.24 31.69
Mass Cv (Semi-ldeal) (kJ/kg-C) 1.717 1.861
Cv (kJ/kgmole-C) 28.03 30.16
Mass Cv (kJ/kg-C) 1.646 1.771
Cv (Ent. Method) (kJ/kgmole-C) - -
Mass Cv (Ent. Method) (kJ/kg-C) - --
Cp/Cv (Ent. Method) - —
Reid VP at 37.8 C (kg/cm2_g) 13.76 13.76
True VP at37.8 C (kg/cm2_g) 13.76 13.76
Lig. Vol. Flow - Sum(Std. Cond) (m3/h) 147.3 147.3
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Hasil
Adiabatic Head (m) 1.212e+004 Power Consumed (kW) 3970
Polytropic Head (m) 1.243e+004 Paolytropic Head Factor 1.001
Adiabatic Fluid Head (kJrkg) 118.8 Polytropic Exponent 1.405
Polytropic Fluid Head (kJ/kg) 121.9 Isentropic Exponent 1.282
Adiabatic Efficiency 75 Speed (rpm) -
Paolytropic Efficiency 77 s
Total Rotor Power (kW) 3970 Total Rotor Torque (N-m) —
Transient Roter Power (kW) 0.0000 Transient Rotor Torque (N-m) -
Friction Power Loss (kW) 0.0000 Friction Torque Loss (N-m) -
Fluid Power (kW) 3970 Fluid Torque (N-m) -
Duty (kJ/h) 1.429e+007 Active Head (m) 1.243e+004 Not Active
Adiabatic Efficiency 75 Not Active Fluid Head (kJ/kg) 1219 Not Active
Palytropic Efficiency g4 Active Capacity (ACT_m3/h) 2.593e+004 Not Active
Pressure Increase (kg/cm2) 5.725 Not Active Speed (rpm) - Not Active
Use Characteristic Curves No
Speed: - Duty: 3.9703e+03 kW
Adiabatic Eff. 75.00 PolyTropic Eff.: 76.96
Adiabatic Head: 1.212e+004 m Polytropic Head: 1.243e+004 m
Adiabatic Fluid Head: 118.8 kJ/kg Polytropic Fluid Head: 121.9 kJ/kg
Polyiropic Exp. 1.405 Isentropic Exp. 1.282 Poly Head Factor 1.001
Stage 3
Kondisi suction (204) dan discharge (205)
Name 204 @Main 205 @Main
Vapour 1.0000 1.0000
Temperature (C) 45.0000 * 95.6335
Pressure (kg/cm2_g) 10.0000 17.0000 *
Molar Flow (kgmole/h) 5297.6815 5297.6815
Mass Flow (kg/h) 90219.5189 90219.5189
Std Ideal Lig Vol Flow (m3/h) 146.4436 146.4436
Molar Enthalpy (kJfkgmole) -4.559e+004 -4.390e+004
Molar Entropy (kJ/kgmole-C) 152.0 153.2
Heat Flow (kJ/h) -2.4150e+08 -2.3258e+08
Properties
Molecular Weight 17.03 17.03
Molar Density (kgmole/m3) 0.4441 0.6294
Mass Density (kg/m3) 7.563 10.72
Act. Volume Flow (m3/h) 1.193e+004 8417
Mass Enthalpy (kJ/kg) -2677 -2578
Mass Entropy (kJ/kg-C) 8.926 8.994
Heat Capacity (kd/kgmole-C) 39.40 41.33
Mass Heat Capacity (kJ/kg-C) 2.314 2427
LHV Molar Basis (Std) (kJ/kgmole) 3.168e+005 3.168e+005
HHV Molar Basis (Std) (kJ/kgmole) 3.783e+005 3.783e+005
HHV Mass Basis (Std) (kJ/kg) 2.222e+004 2.222e+004
LHV Mass Basis (Std) (kJ/kg) 1.860e+004 1.860e+004
Act. Gas Flow (ACT_m3/h) 1.193e+004 8417
Avg. Lig. Density (kgmole/m3) 36.18 36.18
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Cv (kJ/kgmole-C) 28.23 29.66
Mass Cv (kJ/kg-C) 1.658 1.742
Cv (Ent. Method) (kd/kgmole-C) --- -
Mass Cv (Ent. Method) (kJ/kg-C) - -
Cp/Cv (Ent. Method) - -
Reid VP at 37.8 C (kg/lem2_g) 13.76 13.76
True VP at 37.8 C (kg/lem2_q) 13.76 13.76
Lig. Vol. Flow - Sum(Std. Cond) (m3/h) 147.3 1473
Hasil
tic Head (m) 7562 Power Consumed (kW) 2478
Polytropic Head (m) 7705 Polytropic Head Factor 1.000
Adiabatic Fluid Head (kJikg) 74.16 Polytropic Exponent 1.409
Polytropic Fluid Head (kJikg) 75.56 Isentropic Exponent 1.275
Adiabatic Efficiency 75 Speed (rpm) —
Polytropic Efficiency 76 —
Total Rotor Power (kW) 2478 Total Rotor Torque (N-m) —
Transient Rotor Power (kW) 0.0000 Transient Rotor Torque (N-m) —
Friction Power Loss (kW) 0.0000 Friction Torque Loss (N-m) —
Fluid Power (kW) 2478 Fluid Torque (N-m) -
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Duty (kJ/h) 8.921e+0086 Active Head (m) | 7705 | Not Active
Adiabatic Efficiency 75 Not Active Fluid Head (kJikg) | 75.56 Not Active
Polytropic Efficiency 76 Active Capacity (ACT_ma3/h) | 1.193e+004 Not Active
Pressure Increase (kg/cm2) 7.000 Not Active Speed (rpm) | — Not Active
ot Use Characteristic Curves | No
Speed: — Duty: 2.4780e+03 kW
Adiabatic Eff.: 75.00 PolyTropic Eff.: 76.42
Adiabatic Head: 7562 m Polytropic Head: 7705 m
Adiabatic Fluid Head: 74.16 kd/kg Polytropic Fluid Head: 75.56 kJ/kg
Polytropic Exp. 1.409 Isentropic Exp. 1.275 Poly Head Factor 1.000
Kompresor LP syngas
Dari simulasi HYSY'S diperoleh:
Stage 1
Kondisi suction (323) dan discharge (326):
Name 323 @Main 326 @Main
Vapour 1.0000 1.0000
Temperature (C) -33.6406 205.3147
Pressure (kg/cm2_g) 0.5000 14.0000 *
Molar Flow (kgmole/h) 65.6012 65.6012
Mass Flow (kg/h) 885.0060 885.0060
Std Ideal Lig Vol Flow (m3/h) 1.8631 1.8631
Molar Enthalpy (kJ/kgmole) -3.199e+004 -2.392e+004
Molar Entropy (kJ/kgmole-C) 151.9 156.3
Heat Flow (kJ/h) -2.0989e+06 -1.5689e+06
Properties
Molecular Weight 13.49 13.49
Molar Density (kgmole/m3) 7.635e-002 0.3749
Mass Density (kg/m3) 1.030 5.057
Act. Volume Flow (m3/h) 859.2 175.0
Mass Enthalpy (kJ/kg) -2372 -1773
Mass Entropy (kJ/kg-C) 11.26 11.59
Heat Capacity (kJ/kgmole-C) 3273 37.48
Mass Heat Capacity (kJ/kg-C) 2426 2779
LHV Molar Basis (Std) (kJ/kgmole) 2.764e+005 2.764e+005
HHV Molar Basis (Std) (kJ/kgmole) 3.284e+005 3.284e+005
HHV Mass Basis (Std) (kJ/kg) 2.434e+004 2.434e+004
LHV Mass Basis (Std) (kJ/kg) 2.049e+004 2.049e+004
Phase Fraction [Vol. Basis] 1.000 1.000
Phase Fraction [Mass Basis] 1.000 1.000
Phase Fraction [Act. Vol. Basis] 1.000 1.000
Mass Exergy (kJ/kg) 88.41 588.3
Act. Gas Flow (ACT_m3/h) 859.2 175.0
Avg. Lig. Density (kgmole/m3) 35.21 35.21
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Specific Heat (kJ/kgmole-C) 32.73 37.48
Std. Gas Flow (STD _m3/h) 1551 1551
Std. Ideal Lig. Mass Density (kg/m3) 475.0 475.0
Z Factor -— 0.9886
Watson K 13.55 13.55
Cp/(Cp - R) 1.341 1.285
Cp/Cv 1.359 1.313
Ideal Gas Cp/Cv 1.346 1.293
Ideal Gas Cp (kJ/kgmole-C) 32.36 36.72
Mass Ideal Gas Cp (kJ/kg-C) 2.399 2.722
Heat of Vap. (kd/kgmole) 2.55%e+004 3.032e+004
Kinematic Viscosity (cSt) 7.666 3.131
Lig. Mass Density (Std. Cond) (kg/m3) 0.5731 0.5731
Lig. Vol. Flow (Std. Cond) (m3/h) 1544 1544
Liquid Fraction 0.0000 0.0000
Molar Volume (m3/kgmole) 13.10 2.667
Mass Heat of Vap. (kJ/kg) 1897 2247
Phase Fraction [Molar Basis] 1.0000 1.0000
Surface Tension (dyne/cm) - -
Thermal Conductivity (W/m-K) 4.043e-002 8.217e-002
Bubble Point Pressure (kg/lcm2_g) - -
Viscosity (cP) 7.896e-003 1.583e-002
Cv (Semi-ldeal) (kJ/kgmole-C) 24 .41 29.17
Mass Cv (Semi-ldeal) (kJ/kg-C) 1.810 2.162
Cv (kJ/kgmole-C) 24.09 28.55
Mass Cv (kJ/kg-C) 1.786 2.116
Cv (Ent. Method) (kJ/kgmole-C) - -
Mass Cv (Ent. Method) (kJ/kg-C) - -
Cp/Cv (Ent. Method) - -
Reid VP at37.8 C (kg/lcm2_g) - -
True VP at37.8 C (kg/cm2_g) - -
Lig. Vol. Flow - Sum(Std. Cond) (m3/h) 1544 1544
Hasil

Adiabatic Head {m) 4.580e+004 | Power Consumed (kW) 147.2

Polytropic Head (m) 4.916e+004 [ Polytropic Head Factor 1.004

Adiabatic Fluid Head (kJ/kg) 449.2 [ Polytropic Exponent 1.435

Polytropic Fluid Head (kd/kg) 482.1 [ Isentropic Exponent 1.328

Adiabatic Efficiency 75 | Speed (rpm) —

Polytropic Efficiency 80 [

Total Rotor Power (kW) 147 .2 Total Rotor Torque (N-m) -—-

Transient Rotor Power (kW) 0.0000 Transient Rotor Torque (N-m) -

Friction Power Loss (kW) 0.0000 Friction Torque Loss (N-m) -

_ Fluid Power (kW) 147.2 Fluid Torque (N-m) =

Duty (kJ/h) 5.301e+005 Active l Head (m) 4.916e+004 Not Active

Adiabatic Efficiency 75 Not Active i Fluid Head (kJ/kg) 482.1 Not Active

Polytropic Efficiency 80 Active [ Capacity (ACT_m3/h) 859.2 Not Active

Pressure Increase (kgicm2) 13.50 Not Active [ Speed (rpm) - Not Active

- [ Use Characteristic Curves No
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Speed: - Duty: 1.4724e+02 KW
Adiabatic Eff.: 75.00 PolyTropic Eff.: 80.50
__Adiabatic Head: 4.580e+004 m Polytropic Head: 4.916e+004 m
Adiabatic Fluid Head: 449.2 kJ/kg Polytropic Fluid Head: 482.1 kJ/kg
Polytropic Exp. 1.435 Isentropic Exp. 1.328 Poly Head Factor 1.004
Stage 2
Kondisi suction (213) dan discharge (215)
Properties
Hasil
Speed: — Duty: 9.5010e+01 KW
Adiabatic Eff.: 75.00 PolyTropic Eff.: 78.53
Adiabatic Head: 2.956e+004 m Polytropic Head: 3.095e+004 m
Adiabatic Fluid Head: 289.9 kJ/kg Polytropic Fluid Head: 303.5 kJ/kg
Polytropic Exp. 1.455 Isentropic Exp. 1.327 | Poly Head Factor 0.9998
Stage 3
Kondisi suction (330) dan discharge (332):
Name 330 @Main 332 @Main
Vapour 1.0000 1.0000
Temperature (C) 45.0000 1445232
Pressure (kg/cm2_g) 55.0000 125.0000 *
Molar Flow (kgmole/h) 36.3935 36.3935
Mass Flow (kg/h) 389.6380 389.6380
Std Ideal Lig Vol Flow (m3/h) 1.0552 1.0552
Molar Enthalpy (kJ/kgmole) -1.772e+004 -1.469e+004
Molar Entropy (kJ/kgmole-C) 1194 121.3
Heat Flow (kd/h) -6.4482e+05 -5.3464e+05
Properties
Molecular Weight 10.71 10.71
Molar Density (kgmole/m3) 2.217 3.673
Mass Density (kg/m3) 23.73 39.33
Act. Volume Flow (m3/h) 16.42 9.908
Mass Enthalpy (kJ/kg) -1655 -1372
Mass Entropy (kJ/kg-C) 11.16 11.33
Heat Capacity (kJ/kgmole-C) 35.33 36.84
Mass Heat Capacity (kJ/kg-C) 3.300 3.441
LHV Molar Basis (Std) (kJ/kgmole) 2.447e+005 2.447e+005
HHV Molar Basis (Std) (kJ/kgmole) 2.892e+005 2.892e+005
HHV Mass Basis (Std) (kJ/kg) 2.702e+004 2.702e+004
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(ACT_m3/h)

Act. Gas Flow 16.42 9.908
Avg. Lig. Density (kgmole/m3) 34.49 34.49
Specific Heat (kJ/kgmole-C) 35.33 36.84
Std. Gas Flow (STD_m3/h) 860.5 860.5
Std. Ideal Lig. Mass Density (kg/m3) 369.2 369.2
Act. Lig. Flow (m3/h) - -
Z Factor - 0.9690
Watson K 14.91 14.91
Cp/(Cp - R) 1.308 1.291
Cp/Cv 1.491 1.466
Ideal Gas Cp/Cv 1.359 1.341
Ideal Gas Cp (kd/kgmole-C) 31.49 3272
Mass Ideal Gas Cp (kJ/kg-C) 2.941 3.056
Heat of Vap. (kJ/kgmole) 2.188e+004 2.199e+004
Kinematic Viscosity (cSt) 0.4837 0.3642
Lig. Mass Density (Std. Cond) (kg/m3) 0.4536 0.4536
Lig. Vol. Flow (Std. Cond) (m3/h) 859.0 859.0
Liquid Fraction 0.0000 0.0000
Molar Volume (m3/kgmole) 0.4511 0.2722
Mass Heat of Vap. (kJ/kg) 2044 2054
Phase Fraction [Molar Basis] 1.0000 1.0000
Surface Tension (dyne/cm) - -
Thermal Conductivity (W/m-K) 8.371e-002 0.1086
Bubble Point Pressure (kg/cm2_g) - -
Viscosity (cP) 1.148e-002 1.432e-002
Cv (Semi-ldeal) (kJ/kgmole-C) 27.02 28.53
Mass Cv (Semi-Ideal) (kJ/kg-C) 2.523 2.665
Cv (kJ/kgmole-C) 23.70 2514
Mass Cv (kJ/kg-C) 2.213 2.348
Cv (Ent. Method) (kJ/kgmole-C) -— 28.17
Mass Cv (Ent. Method) (kJ/kg-C) 2.631
Cp/Cv (Ent. Method) - 1.308
Reid VP at 37.86 C (kg/lcm2_g) -— -—
True VP at37.8 C (kg/lcm2_g) - -—
Lig. Vol. Flow - Sum(Std. Cond) (m3/h) 859.0 859.0
Hasil
Adiabatic Head (m) 2.163e+004 Power Consumed (kW) 30.61
Polytropic Head (m) 2.234e+004 Polytropic Head Factor 0.9980
_ Adiabatic Fluid Head (kJ/kg) | 2121 | Polytropic Exponent 1.605

Polytropic Fluid Head (kd/kg) | 219.1 il Isentropic Exponent 1.430

Adiabatic Efficiency 75 Speed (rpm) —

Polytropic Efficiency 77 s

Total Rotor Power (kW) 30.61 Total Rotor Torque (N-m) -

Transient Rotor Power (kW) 0.0000 Transient Rotor Torque (N-m) —

Friction Power Loss (kW) 0.0000 Friction Torque Loss (N-m)

Fluid Power (kW) 30.61 Fluid Torque (N-m) -
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Duty (kJ/h} 1.102e+005 Active Head {m) 2.234e+004 Not Active
Adiabatic Efficiency 75 Not Active Fluid Head (kJikg) 21941 Not Active
Polytropic Efficiency I 77 N Active | Capacity (ACT_m3/h) | 16.42 | Not Active
Pressure Increase (kglcm2) 70.00 Not Active Speed (rpm) — Not Active
= Use Characteristic Curves No
Speed: - Duty: 3.0607e+01 kW
Adiabatic Eff.: 75.00 PolyTropic Eff.: 77.47
Adiabatic Head: 2.163e+004 m Polytrapic Head: 2.234e+004 m
Adiabatic Fluid Head: 2121 kdikg Polytropic Fluid Head: 219.1 kd/kg
Palytropic Exp. 1.605 Isentropic Exp. 1.430 Poly Head Factor 0.9980

h.  Pompa NH3 produk
Dari simulasi HYSYS diperoleh:
Kondisi suction (324) & Discharge (325)

Name 324 @Main 325 @Main
Vapour 0.0000 0.0000
Temperature (C) -33.6010 -33.4638
Pressure (kg/cm2_g) 0.5000 7.0000 *
Molar Flow {kgmole/h) 4479.1888 4479.1888
Mass Flow (kg/h) 76280.2392 76280.2392
Std Ideal Lig Vol Flow (m3/h) 123.8183 123.8183
Molar Enthalpy (kJ/kgmole) -7.156e+004 -7.154e+004
Molar Entropy (kJ/kgmole-C) 63.94 63.96
Heat Flow (kJ/h) -3.2055e+08 -3.2046e+08
Properties
MName 324 @Main 325 @Main
Molecular Weight 17.03 17.03
Molar Density (kgmole/m3) 3957 39.57
Mass Density (kg/m3) 673.8 673.8
Act. Volume Flow (m3/h) 1132 1132
Mass Enthalpy (kJ/kg) 4202 -4201
Mass Entropy (kJ/kg-C) 3.755 3.755
Heat Capacity (kJ/kgmole-C) 75.82 7577
Mass Heat Capacity (kJ/kg-C) 4.452 4449
Hasil
PERFORMANCE
Results
T el — | Velocity Head 11316003 m
Total Flid Head =
F—— 0847 m | Delta P excluding Static Head Results =
Head (m) Nat Actve l Power (kdth) 9.622e+004 Hat Active
Fluid Head (kdikg) &= Mat Active [ &
| Capacity {mam) 1238
Speed {pm) = Mot Active i
Effciancy %) 75.00 S stk | Use Characteristic Curves Hot Active
Pressive Incieass (kglem2) 6500 . | Pump is Acting 5 a Turbine Hot Active
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