Lampiran 1. Tabel A-1 Properties Tables and Charts (SL units) Appendix 1

TRRLE & -1

Iclar mass, =as censtart, end critical-peint properties

LIRica-Dornt propertes

Gas

MNIAT Mass COnstArt, TRMQErAItE Pressire, WAlmE,
Suoziance Formula M kgihrial Aklhg kB 3] MPa i amol
Air 2897 0.2ETO 1325 377 0.08BR3
Al MNH, IT.03 C.4EE2 405.5 11.28 0.0724
Argon A 20.049B 02081 151 1.86 00749
Dzarzaz Cylly TB.1LS C.l064 62 4.92 02603
Bremina Br. 153,208 C.DE2O E84 10.24 0.1258
Hi-Bulane C.Hye o3, 124 01430 4232 J.ED 02347
Carbon dipdide cu, 4401 [ENE.2 ELLE A S5 o.ouas
Carben monaxide ca 2B.011 022608 1332 L 0.0332
Carbon tetrzchlorice cc, 153.82 C.0E405 BG4 4.56 02753
Chiorime Cl; T0.900 1173 417 T.72 01242
LChiorctorm CHLI, 1938 L UbYbT padi=1 BuLr 02403
Mchlorod fluoromethass (R-127 CCLT; 12051 C.0087os Ja4.7 4.02 02273
Lchiorotiuorometihare [H-21) CHLCI = Jopd ak LEREEJE . ] a5l.d B.1r (SR ]
Cthane C.ll, A0.070 27605 J05:5 4.48 0.1482
Ethyl alocrol L HOH E-NE . Liglln tli b [ ]
Ethylzne C.H, 28.054 C.aned 2824 5.12 0.1242
Hzlmm Ha a0 z.UrbY 2.3 0.23 (AR ]
n-llexane 1, 85.178 C.02647 <079 3.03 034677
Hydrngen {nrrmal) H. F0IR 41740 333 1560 00635
K-vyptan Kr 83.80 C.D2321 20594 5.50 0.0924
Aetane CH, - R LhlEd 1411 4.4 O
Mctay' alesha CH.OH 32042 Q0896 £13.2 7.08 01280
ARty chineira CH.TI TN ARR CR4T 4716 3 A RR 11437
Hzon M= 20,1383 Cc41i9 <43 273 0.04E7
HItryga N, ARNO13 O 2ORR 1262 A 549 00893
Hitrz a3 exidc N, 43013 C.1589 2097 727 0.0961
Treygen 0, A1 999 OARaR 104 R A0R 0 07TAD
Fropane C,Hy 43,0937 01585 ain 4.26 01952
Frapylsne CoHy 4.7 087 197Th AGS 4 /2 0.IRED
Suifur dicxide 50, 64.062 1298 430.7 T.B88 01217
Telra lewoe hane (R-1534a0 CF.CH.F 102.03 C.OE142 74z 4,032 0.1993
Trich croflucromethane {R-11) CCLF 137.37 C.0E052 4712 4.28 02472
Water H. TAann TAR1h FLT 1 F2 06 0 0567
Xanon e 12L.30 C.OE332 2898 5.B8 01286

“The unit K¥eg - K 15 20ulsalent © KFa - m#H4g - K. The gas cansant |s calcuaec ‘nm & = 7'M whee £, = 8.31447 KkTol - K.ard M i the mater
mars

Fowrre: K. 8. Kaba and F.E. Lynn, Jr, Chervcal Rewew 52 {1053 pp 1L7-226; and ASHRAE, HarcEoos of Fundamantal; (Atlarmta, GA: Arenican
SCriFty nf Haah ng, Hetngerat ng #nd A= aadininning Frgrness ire . YYS1 onp Thdard 3k01



Lampiran 2. Tabel A-2a Properties Tables and Charts (SL units) Appendix 1

TRELE A-2

|deal-zas specific hzats oF various eoramer goses
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Lampiran 3. Tabel A-2b Properties Tables and Charts (S1 units) Appendix 1

TABLE A-2

Idedalzas specilic liedals ul veruuz: curno gases | Conlinued

(50 8% varonus femperzainras

= c, Cp, E; [l [
LA 1= klgg - K K KJEE - B kg K E KI®E K kg - K A

Temperature,

K Hiv Carbor ciowide, 06 Carban monowse, 00
70 T N3 NTIE I 401 0Tl R T A4 1039 0743 1.an0
3co 1005 C.718 L0 0816 0.657 L.EER L.o40 0.744 1.399
3E0 L0032 C.721 L.333 0.8C5 0.705 LE6BB 10432 0.74& 1.208
4C0 1013 0726 L.393 0.9z 0.¥32 LEDZ 1.047 0.731 1.395
450 L.o20o 0.733 L.3al n.ga7g 0.730 1239 L.054 0.757 1.302
5CO 1.0292 0.742 L.287 1.014 0.825 1229 (] 0.767 1.387
HERT] L.0L0 .73 L3581 1.046 0.837 LEIO 1073 0.778 1.382
BLL L.l LT L3f 1.4 U Heh ~ 13 L.k (L= N 1.3/
BED L063 0.776 LaAT 1.102 0.913 13307 L.100 0.BOZ 1.37C
FCO LO7S C.7EE L3643 1.120 0.937 LE02 1113 0.91C 1,364
770 TORT 0 ROC I 38% 1 14% nana o I 1 17RA .R=2q 1:31A
2C0 1L.09% 0.81Z2 L.354 1.1£9 0921 Z.1a3 1.139 0.84Z2 1.353
nco 1.121 £.834 L2344 1.204 1.015 l.126 L1632 0.B5E 1.343

1000 1.1LE C.B3Z L.335 1.234 1.045 C.181 L. 183 0.588 1.337

Hydrogen H. Nitrogen. N Owpoen. 0.

250 T4 057 = 977 I a1f 11E= nvez T ann me73 0 ARS 1.3598
3co 14.207 10183 L.A05 1.02% 0.743 _ Ao 0918 0.658 1.385
30 14227 1C.202 L.40% 1.041 0.744 il L | a0z 0.568 1.389
4C0 14276 10,302 L.393 1.044 0.747 397 0.941 0.581 1.382
450 14 501 10.377 L.393 1.049 0.752 1.355 0956 0.50& 1.373
5CO 14613 10,385 L.397 1.0E6 0.7539 2391 0972 0.71z2 1.365
HEH 1] 14.030 1C.40C L.395 1.0E5T 0.758 L.2BT 0.988 0.728 1.308
BLL 14,08k FLER L.349% R ] Usre - 282 L. sz 1. 30U
GED 14671 10,147 L.395 1.0EE 0.723 1Ay L.O17 0.768 1.313
JCO 14.004 1C.48C L.334 1.058 0.821 e ) 1.031 0.771 1.337
s ) Td RLS 10521 I 3q2 1110 NARLI TR 1 43 TR 1,337
HLL 14 bYS N L.340k 1,141 U HL -3B0 L.d 0. el 1,324
aco 14822 1C.60E L.383 1.145 0.642 L2449 Lo7T4 0.514 1,219

1000 149583 10.B75 L3880 1.1€7 0.872 13241 1.090 0.830 1.313

Sogrce: Eenqeth Wark. Thermommarmics. arh ed. (N Tok MoGmEs-Hill. 19831 p. 783, Taole S-cil. Griginglly pablisied n @ves of Toenma
Mopectes of Sxsex, MOS Circulsr £64, 1935,



Lampiran 4. Tabel A-2c Properties Tables and Charts (S1 units) Appendix 1

Id:nl-g_us_a_pcci.’ic heals of various common geses | Coneluocd)

{cl A= a furction of tempereta-e

=&+ LT+ 077 + 477

Lrn K, coan alkmol Kl

Temperature bt

Substance Fcrmula a ] C d rangsz, K Max. A
HMIrmoen LA FREN L1 B T N N NBORT « 07 ? - FIE W T2 FTA-TROO 0O8% D34
Lonygan o, 2n 4% e ) R A B —Ld LS W LU L1 = 1159 O ST R Y " B B
Hir 2311 01967 = Lo+ 04802 x LO°F -18EE = 127¢ 273 1BOD C7: D33
Hydrager H, 2011 -01916 = 1O-2 0003 « [0} 08704 = 1073 273 1800 101 D26
Carbon

monaxide o 28 10 01675 = 1077 0.5372 x k0" =P ErF w10 27)-18G0  C.A% DT
Carbun

Uiumide Ca, 2226 9.981 =~ 10 * —3.001 = 10 ® TAES =« 102 2731800 GC.aT D22
Water wapor H.O 14848 D Lae « L3 L T - TLs. Lot B e Al hid 24
Mitrnc oode G Lh] 2Y 3L Uiy o« LU LA F A B —d. L = L1 dri-lsog. pyr L3k
Mitrous axce M.0 2111 52632 = L0-2 —3.563 = LO-Y IOEE = 103 2731800 €59 D26
Mitregen

dioaide MW, 725 5.71S 10=2 = 3525 LO-" TEF = 107 27T)-1500 GCA4G D18
Ammonia HIL; 2P 208 2.503D < 10-2 C.35072 = [0-! —6.6508 = 10-9 273-1500 Q81 DG
SLlrfLr 32 2rzl 2216 % 10F -1628 £ L0 * 3o =107 2T}1B00 G99 038
Suthr

rirnaide il M i L L R —AHIZ €1 RE1E = 119 SIA-IRINL an (174
SvkfLr

bioxida 5, 16 AG 1458 =« [0-2 -12.20 = [0} 3243 = 1079 273 1300 029 D13
Ffeckylene C.H. 2LE 02143 « 10-7 G527 w LO-" 1BE1 = 107 2731600 146 DD
Denzzne Cel I -J5.22 4B 475 = 1077 S BT TPEE w103 27)-1500 G4 D20
el wl GH G 12 91532 = 1O * —.22 = k0 * -8.0535 = 10 7 273-1000 C.lE D08
EL 14l C.H.C 1258 2096 = 10 * —10.38 = 10 ® 2005 21032 2731500 GCA0 D2z
Hyrager

chicnada HUI LAV ) e LR R 122w Lyt —qi2zlow LLH ari lson UdE DoE
Mathaqz CH, 19 ED 5L2A w 103 1269 « [0 =11.07 %1078 2731500 133 QAT
Etvanc G-H: 6000 T.27 w Lo 6426 « LO°* TEES M 103 2731600 €3 DB
Prapanc CaH. $C4 2048 « 10-7 15.72 « LO-* 31.74 » 103 273-1600 G440 D12
n-Dutene Cyllyg A50 4715 = 102 —18.04 < 10-® Jo 00 = 107 2731500 Q.34 D24
#-Bulane {8 —-7813 £160 = 107F —23.00 .= 107* 4921 = 1077 2731500 C.25 D13
n-Pantang C.H.. A 77 L% 47 & 103 —2F AR ¥ -2 4279 W 12 ITAIA00 OS8R DR
n-Hegang LHiq A S=A b e ) =28 AN o FNE AT FS ® 1072 FTATHON. COFF DM
Etvylana C.H., 3EE 1564 « Lo+ 8314 « 1077 17EF =108 273 1800 051 D13
Prapylzne C:H. 318 2383 =« 102 -12.18 = [Q-Y 24EZ = 1072 273 1800 073 DT

Eource: B. G. Krle, Chorrical o1 Frocoss Thoemecynasios (Eng owoed Clifs, Mk Frencice Hall, 1584, Uzed wilh pormiszon.



Lampiran 5. Tabel A-3a Properties Tables and Charts (SL units) Appendix 1

Properties of cammon liquids, solids, and foods
{a) Liquids
Bailing dara at 1 arm Freenng datz Liguid properties
Mormat Latent heat of Latent haat Specific
bailing waporization Freaning of fusian Temperature, Density fieat
Substance paint. *C h kg point. "C h.. klkg *C o kgm o, kg - K
Ammonia -33.3 1357 -7 3224 -333 GEZ 443
-20 &05 452
] 39 4.60
25 &0z 480
Argan -186.9 1618 -1858.3 28 -1B5.6 1394 1.14
Banzena 802 304 5.5 126 20 By9 1.72
Brine {209 sodium
chiaride by mass) RER] — -17.4 — 20 1160 311
n-Butana -0.5 3852 -1385 20.3 -05 601 231
Carban dioxida -78.4%  230.5{zt 0°C) - 566 n] 203 050
Ethanal 78.2 838.3 -114.2 oo 25 7R3 246
Ethyl alcochol 7RG HEh - 156 108 20 TBG9 284
Ethylene glycod [98.1 BO0.1 -108 181.1 20 1109 2.84
Glycarina 179.9 a74 18.9 200.6 20 1261 2.32
Helizm -2E68.3 228 — — - 2689 146.2 228
Hydrogen -252.8 4457 -259.2 595 -2528 oy 10.0
Izabutana -11.7 367.1 - 1460 I0A.7 -11.7 5038 2.28
Kerosane 204-2%3 251 -24.9 — 20 20 2.00
Mexcury 3567 2947 -358.9 114 25 13.560 0139
Methane -161.5 510.4 -182.2 hE 4 -161.5% 423 3.449
- 100 301 579
Methanol G5 1100 -oy.7 o2 25 787 255
Nitragen -195.8 198.6 -210 2513 -195.8 E09 2.06
- 160 gL 2.97
Oictane [24.8 306.3 -57.5 180.7 20 703 2.10
il (flight) 25 310 1.80
Cmygen -183 212.7 -218.8 13.7 -183 1141 1.71
Petralaum — Z30-384 20 &40 20
Propang -42.1 427.8 -187.7 B0.0 -42.1 581 2.25
] R29 253
A0 449 313
Refrigerant-134a -26.1 2170 -06.6 — -A0 1443 1.23
-26.1 1374 1.27
o] 1205 1.34
25 1207 1.43
Water Lo 2257 0.0 3337 1] 1000 422
25 2oy 418
A0 383 418
75 375 419
100 358 422

* sublimabmn lEmoeraiure. (A pressunes beiow the triple.poimt ceessore of 218 kFz, cathon conide eashs a5 2 soied or gas Alwa, the freeceng. poesd lemzseraluyre
of carbon diosics |5 bt ripe-coin Emperaboe of - 3697900



Lampiran 6. Tabel A-26 Properties Tables and Charts (S1 units) Appendix 2

TABLE A-26E

Enthalpy of formation, Gibbs function of formation, and absolute entropy at
77°F, 1 atm

ht oy §°
Substance Formula Btu/lbmol Btu/lbmol Btu/lbmol - R
Carbon Cls) 0 0 1.36
Hydrogen H.(2) 0 0 31.21
Nitrogen N.(g) 0 0 45.77
Oxygen 0.(2) 0 0 49.00
Carbon monoxide CO(g) —47,540 -59,010 47.21
Carbon dioxide CO.{g -169,300 -169,680 51.07
Water vapor H.O(g) —104,040 —98,350 45.11
Water H.O(t) —-122,970 -102,040 16.71
Hydrogen peroxide  H,0.(g) —58,640 -45,430 55.60
Ammonia NH,(g) —18.750 -7,140 45.97
Methane CH.lg) -32,210 —21,860 44.49
Acetylene C.H.(g) +97.540 +87,890 48.00
Ethylene C,H.(g) +22,450 +29,306 52.54
Ethane C.H.(g —36,420 -14,150 b4.85
Propylene C.H (8 +8,790 +26,980 63.80
Propane CsHglg) —44 680 —-10,105 64.51
n-Butane CiHio(g) —54,270 —-6,760 74.11
n-Octane CsH,sl8) —89,680 +7,110 111.55
n-Octane CaHqglt) —107,530 +2,840 86.23
n-Dodecane CiaHal@ —125,190 +21,570 148.86
Benzene CsH:(g) +35,680 +55,780 64.34
Methyl alcohol CH,OH(g) —86,540 -69,700 57.29
Methyl alcohol CH,OH(¢) —102,670 -71,570 30.30
Ethyl alcohol C.H.OH(g) -101,230 —72,520 67.54
Ethyl alcohol C,H.OH(f) -119,470 —75,240 38,40
Oxygen Olg) +107,210 +99,710 38.47
Hydrogen Hig) +93,780 +87,460 27.39
Nitrogen Nig) +203,340  +195,970 36.61
Hydroxyl OH(g) +16,790 +14,750 43.92

Source: From JANAF, Thermochemical Tables (Midland, MI: Dow Chemical Co., 1971), Selecfed
Vaiues of Chemical Thermodynamic Froperties, NBS Technical Mote 270-3, 1968; and AFY
Research Project 44 (Carnegie Press, 1953).



Lampiran 7. Spesifikasi stainless stedl tipe 316 (aksteel, 2009)

AK Steel

Type 316 s an susienitic chromium-  Typical uses include exhaust manifolds,  EOMPESITIEN

mickel stainless steel coptaining fumaca paris, heatexchangers, jet enging Tree 116 Tope 116
medyhdanume This addition incresses  paris, phammaceutical and photographic b b
penerad corrosion registance, improves  equipment, velve and purmp trim, chemi-  Carben 0.0 mam 0,03 max
resistance fa pitting from chlonide jon cal equipment, digesters, fanks, m‘l;_:‘o':'i uz_hﬁqt';':r“’:x. uluq‘i";i
solutions, and provides increased — evaporators, pulp, paper and textide pro- g 0.030 rrax. 0.07 max
strength at elovated temperatures. Prop-  cessing equipment, parts exposed to Sileon {175 memt 0.75 maix
erties are similar to those of Type 304 maring atmospheres and tubing. Type ﬁ:';::"'" :gﬁ FE g :g% :2 g
pxcapt that this alloy ie somewhat  316L is used axtensivaly for weldments  Mobybdenem 200 -3.00 200 -3.00
stronger at slevated tamperatures. whare its immunity to carbids precipita- :"“"'5""'" "é': s "éu]mm
Corrosion resistance is improved, par-  tlon dua o welding sssures optimurm S i o
ticularly sgainst sulfuric, ydrochionc, COMMosion resistance. AVUILABLE FERMS

pcetio, formic end tartanc scids; acid
sulfstes and aficaing chiorides.

Type 316L = an extra-low carbon wer-
sign of Type 316 that minimires harmiful
carbide preciutation due to welding.

AK Steel produces Types 316 and J16L
Steinlezs Stesls in thicknesses from
0.01° to 0.25° [0.25 to B35 mm) mak
end widths up to 487 (1218 mm). For
other thicknesses and widths, inguirs.

MECHANICAL PROPERTEES
Typical Room Temparaturs Properties
Elemgation
LTS 0.2% Y5 Rind Hardrees
ke (VP ki (W1Pa) P08 mmi Boc kvl
Type 316 04 519 42 290) 5 ETY
Type J16L Bl (358 42 (200 50 Bra

61-5-08-01-07




Lampiran 7. Spesifikasi stainless stedl tipe 316 (lanjutan)

316/316L STAINLESS STEEL DATA SHEET

AK STEEL

SPICHICATHING

Types 318 and 3100 Stanless Stwel shest
and strip are covered by the
Tolowing specilcations:

Typa 218 Typa 316L

AMS 5524 AMS 5307
ASTM A 240 ASTM A 240
ASTM A B66 ASTM A GBE

PHYSICAL PROPERTIES
Density, 0.29 by’
1.9 gieny’

Bectncal Resntrvty, microhim-n
[microhen-cm 88°F (20°C) - 20.4 (74)

Specific Heat. BTUAYF kJig=K)
32 - 1 2F |0-100°C) - .12 10.50)

Tharmal Conductavity, BTU N /1F
(WmeK)

ot 212°F (100°C) - 94016.2)

at §32°F {S00°C) - 124 (21.4)

Moduhm of Bastcity, ki (MPa)
280 =107 (183 x 10°) in tension
1.2 x10° (77 x 10°) in tomsion

Muar: Cosfficiont o Thermal Exparmen
n'in"F [lmimeK)

- NIFp-1007T)- 20x10'18m
3. 800F0-35T)- 20x 048
32 - 1000°F 0 - S38T) - 47104175
37 - T200°F 10 - S99 - 103 & I0M{1E.5)
32 - 1500F 0 - BN =101 = 1018

AL

W Owewn [ T0EN

BT e e Csewr i

Magretic Permeabilety, H = 200
Dersteds, Annealed - 1.02 max.

Maelting Range, °F (°C) — 2500 - 2550
(1371 - 1299)

CORROSION RISISTANCE

Types 3168 ared 1181 Stainiess Stosly mx-
hibit better COfTossDn MemEIANCe than
Type 304, They provide excelent pitting
rosistance and good resmtance 1o most
chemecals rwvolved ;m the paper. textile
and photographic ndustries

HIAT TREATMIENTS

Types 316 and 3160 are non-handenable
by haat treatment

Annsaling: Heat 1o 1800 - 2100°F
11038 - 1149°C). than rapidly quanch

Types 318 and J1EL can be readily
formad and drmwn.

WELRABILITY

The sustenstc class of stminless sispls
m generally considered to be vesidable
by the common fhuson and resstance
tuchrigues. Special consaderaton o re-
quired to avoid weld "hat crackng” by
ssuing lormation of lemite 0 the wald
deposit. Thess part:cuiar alloys are gen-
erally considersd to have poarer
weidability than Types 304 and J04L A
maper cifference rs the hagher nackad con-

tent for theve alloys which requires
slowewt e welding speed and more cale
o arvoed hot oraciking. Vhen a weld filler
is neaded, AWS EER 3100 and 18-8-2
wre moat often specified. Types 116 and
it krwe-Cankeon “L° version ane well known
in referonce Merature and more infonma-
tion can b obtareed o thes way.

METRIC CONTERSION

Data i thes publcation are prosented
U.5. customary units. Approximate
G equivalents may be oblaned by
parforming the foliowing caiculations
Length {imches to milimeter) -
Muitsply by 25.4

Strength [isi to megapascals or
MAagENEWIDNS A BGUITe M| -
Muitiply by 6 8048

Fla sdwreme m dms o S5a g by el
W IREEE U T DEET O e AR S e LT B
R e et CE S TP BT T
mmggmmiad b Fm rosiedas @y e ld @y B e
rombry =i Bl s redaTy B ——
T PR W W S R e AN
pkef mw i o st ahB1y YF T w oS
L ]

[ e e e
e T el et e e g

e e S p— - g iy
P ERARA B STARTL PR O AR N e

a5 By Y S s
s e g d b s ] o i

e

Bt wed s B D e o —  ——
A G T

1



Lampiran 8. Perhitungan kalorimeter aliran baru dan kalorimeter aliran lama

1. Kalorimeter aliran baru
LHVche = [Mtwout - CPwout - (Tsz =Ts1) + {(ritco, - Cpco, + titn,0 - Cpryo +

1

rin, . CPN,) - Tsay = (TitcHs - CPcaHs - Tsz + fityin - CPujin - Te3)] -

tile, M,
LHV ., = [0,01667 kg/dtk . 4,19 kIkg.K . (67,51°C - 35,09°C) + { (0,000588
kg/dtk . 0,978 kJkg.K + 0,000320727 kg/dtk . 3,224 kJkg.K +
0,002344873 kg/dtk . 1,049 kJ/kg.K) . 497,83 K} — (0,000196 kJ/cltk .

1,6794 kJkg.K . 304,01 K + 0,0030576 kg/dtk . 1.005 kJkg.K .

1

304,01K)] . o572

LHV cp, = 47.876,46 kJ/Kg

2. Kalorimeter aliran lama
|_HV(;3H8 = [mw,out . pr,out . (Tz —T]_) + {(ﬂ"!coz . Cp(:o2 + TitH,0 . Cszo + i, .

1

CpNz) . T4} - ( J’J"I!(:3H8 . CpC3Hg LT3+ mu,in . Cpu,in . T3)] .

i,

LHV e, = [0,01667 kg/dtk . 4,19 kJkg.K . (68,1°C - 28,8°C) + {(0,0006
kg/dtk . 1,204 kJkg.K + 0,000327273 kgldtk . 3,224 kJkgK +
0,002392727 kg/dtk . 1,145 kJkg.K) . 893,95 K} — (0,0002 kJ/dtk .

1,6794 kJkg.K . 304,05 K + 0,0030576 kg/dtk . 1.005 kJkg.K .

1

304,05 K)] . oy

LHV 1, = 48.003,01 kJ/kg
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