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Sila pastikan bahawa kertas peperiksaan ini mengandungi DUA BELAS muka surat
yang bercetak dan TIGA BELAS muka surat Lampiran sebelum anda memulakan
peperiksaan ini.

Arahan: Jawab TUJUH BELAS (17) soalan. Jawab SEMUA (11) soalan dari
Bahagian A. Jawab mana-mana EMPAT (4) soalan dari Bahagian B. Jawab mana-
mana DUA (2) soalan dari Bahagian C.

PELAJAR DIBENARKAN MENJAWAB SOALAB SAMA ADA DALAM BAHASA
MALAYSIA ATAU BAHASA INGGERIS.
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Section A : Answer ALL questions. Each question is worth of 2 marks.
Bahagian A : Jawab SEMUA soalan. Setiap soalan bernilai 2 markah.

L

A gas cylinder and piston are covered with heavy insulation. The piston is pushed into
the cylinder, compressing the gas. In this process, the gas temperature

[a]
[b]
[c]
[d]

dcesn’t change

decreases

increases

there’s no sufficient information to tell

Suatu silinder gas dan omboh disalut dengan penebat yang tebal. Omboh tersebut
ditolak ke dalam silinder, sekaligus memampatkan gas. Di dalam proses ini, suhu gas

[a]
[b]
[c]
[d]

tidak berubah

berkurang

bertambah

maklumat adalah tidak mencukupi untuk menentukannya

Which of the following processes involve heat?

a steel block is placed under a candle.

you push a rigid cylinder of gas across a frictionless surface.

you push a piston into a cylinder of gas, increasing the temperature of the gas.
you place a cylinder of gas in hot water. The gas expands, causing a piston to
rise and lift a weight. The temperature of the gas does not change.

Proses manakah yang melibatkan haba?

[a]  satu blok besi diletakkan di bawah lilin.

[b]  anda menolak silinder gas yang tegar merentasi permukaan tanpa geseran.

[¢]  anda menolak omboh ke dalam silinder gas, menaikkan suhu gas tersebul.

[d]  anda meletakkan silinder gas di dalam air panas. Gas tersebut mengembang,
menyebabkan omboh bergerak ke atas dan menolak beban. Suhu bagi gas
tersebut tidak berubah.

Heat is

[a] the amount of thermal energy in an object.

[b]  the energy that moves from a hotter object to a colder object.

[c] a fluid-like substance that flows from a hotter object to a colder object.

[d] both [a] and [b].

Haba adalah

[a]  jumlah tenaga termal dalam satu objek.

[b]  tenaga yang bergerak dari objek yang panas ke objek yang sejuk.

[¢]  suatu bahan seperti cecair yang mengalir dari objek yang panas ke objek yang
sejuk.

[d]  kedua-dua [a] dan [b].

94 3=
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Rank in order, from largest to smallest, the work Wy performed by these four heat

engines.
.,

(a)
al Wb > Wa> Wb > Wc
b] Wb > Wa> Wb = Wc
el Wd > Wa=Wb>Wc
d] none of the above

Susunkan dalam turutan dari yang paling besar ke yang paling kecil, kerja Wienar
yang dijalankan oleh keempat-empat enjin haba

1 7, Ty Ty

it . i
BT N
[ .

1001 . 200 J“ §

o0}

(a) "~ (b)
[a] Wb>Wa>Wb>Wc

[b]  Wb>Wa>Wb=Wc

[c] Wd>Wa=Wb>Wc

[d]  tiada yang seperti di atas

What, if anything, is wrong with this refrigerator?

Hot reservoir Ty

) Q 30J

10) ST Refrigerator
; é‘ﬂj
1401

Cold reservoir 7,

it violates the first law of thermodynamics.

it violates the second law of thermodynamics.
both [a] and [b].

nothing is wrong.

(S el I S

[a
[b
[c
[d

|

Apakah, jika ada, kesilapan penyejuk di bawah?

Hot reservoir
P

? 301
1]

101 :»Z JRcl’rigcl‘uLol

a0y

Cold reservoir T;
[a]  ia tidak mematuhi Hukum Pertama Termodinamik.
[b] i tidak mematuhi Hukum Kedua Termodinamik.
[c]  kedua-dua [a] dan [b].
[d]  tiada kesilapan.
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The transfer of energy to a system by the application of a force is called

[a] power.

[b] work.

[c] watt.

[d] energy transformations.

Pemindahan tenaga kepada sistem melalui cara paksaan dikenali sebagai

[a]  kuasa.
[b]  kerja.
[c] watt.

[d]  penjelmaan tenaga.

What is the generic name for a cyclical device that transforms heat energy into work?

[a] refrigerators

[b] thermal motors

[c] heat engines

[d] Carnot cycles

Apakah nama generik untuk peranti silinder yang menjelmakan tenaga haba kepada
kerja?

[a]  petisejuk
[b]  motor termal
[c] enjin haba
[d]  kitar Carnot

An insulated room is heated by burning candles. Take the entire room, including the
candles, as the system. This is

[a] heat interaction

[b] work interaction

[c] heat and work interaction

[d] neither a heat nor a work interaction

Satu bilik penebat dipanaskan dengan lilin yang menyala. Dengan mengambilkira
keseluruhan bilik, termasuk lilin, sebagai sistem. Ini adalah

[a]  saling tindak haba

[b]  saling tindak kerja

[c]  saling tindak haba dan kerja

[d]  bukan saling tindak haba dan kerja

2
Is the value of jéQ/ T the same for all processes between sates 1 and 27
1

[a] yes

[b] no

[c] yes but only all reversible processes
[d] there’s no sufficient information to tell



10.

10.

11.

11.
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2
Adakah nilai bagi IéQ/T adalah sama untuk semua proses antara keadaan
1

1 dan 2?
[a]  ya
[b]  tidak

[c¢]  ya tetapi hanya semua proses berbalik
[d]  maklumat adalah tidak mencukupi untuk menentukannya

At a specified temperature or pressure, the physical significance of Ay is the amount
of energy needed to vaporize a unit mass of

[a] compressed liquid.
[b]  vaporized liquid.
[c] saturated liquid.
[d]  condensed liquid.

Pada suhu atau tekanan tertentu, fizikal bererti bagi hg adalah jumlah tenaga yang
diperlukan untuk mengewap satu unit jisim bagi

[a]  cecair termampat.
[b]  cecair terwap.

[c]  cecair tepu.

[d]  cecair terkondensasi.

A system undergoes a process between two fixed states, first in a reversible manner
and then in an irreversible manner. For which case is the entropy change greater?

[a] the reversible manner

[b] the irreversible manner

[c] it will be the same for both cases

[d] there’s not sufficient information to tell

Satu sistem melalui suatu proses antara dua keadaan tetap, pertama adalah dalam
keadaan berbalik dan kemudiannya dalam keadaan tak berbalik. Untuk kes yang
manakah, perubahan entropi yang lebih besar?

[a]  keadaan berbalik

[b]  keadaan tak berbalik

[c]  iaadalah sama untuk kedua-dua kes

[d]  maklumat adalah tidak mencukupi untuk menentukannya



il [EKC 222]

Section B : Answer any FOUR question. Each question is worth of 7 marks.
Bahagian B : Jawab mana-mana EMPAT soalan. Setiap soalan bernilai 7 markah.

12.

I3,

13.

13.

14.

A constant pressure piston cylinder contains 0.2 kg water as saturated vapor at
400 kPa. It is now cooled so the water occupies half the original volume. Find the
work in the process. Indicate the relative position in the P-v and T-v diagram.

[7 marks]

Satu omboh silinder bertekanan tetap mengandungi air sebanyak 0.2 kg sebagai wap
tepu bertekanan 400 kPa. la disejukkan supaya air memenuhi separuh daripada
isipadu asal. Kirakan kerja dalam proses ini. Nyatakan kedudukan relatif dalam
gambarajah P-v dan T-v.

[7 markah]

Determine the missing properties of water in the Table Q.13 below and place the four
states (a)—(d) listed as labeled dots in a sketch of the P-v diagram.

Table Q.13.
P [kPa] T [°C] v [m’/kg] X
a 500 20
b 500 0.20
c 1400 200
d 300 0.8

[7 marks]

Tentukan sifat-sifat bagi air yang tidak diisikan dalam Jadual S.13 di bawah.
Tempatkan keempat-empat keadaan (a)—(d) sebagai titik-titik yang dilabelkan dalam
gambarajah P-v.

Jadual S.13.
Tekanan | o b rcy | o [m'/kg] H
[kPa]
” 500 20
b 500 0.20
g 7400 200
d 300 0.8

[7 markah]

[a] Separate the list P, F, V, v, p, T, m, L, and t into intensive, extensive, and
non-properties.

[b] How much weight is 1 m? of liquid water? Explain.

[7 marks]

e
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15,

15.

16.

16.
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[a]  Asingkan senarai bagi P, F, V, v, p, T, m, L, dan t kepada intensif, ekstensif
dan tak bersifat.

[b]  Berapakah berat bagi 1 m’ air? Terangkan.
[7 markah]

Two kg water at 200 kPa with a quality of 25% has its temperature raised by 20°C in a
constant pressure process. What is the change in entropy? Indicate the relative

position in the P-v and T-v diagram.
[7 marks]

Dua kg air pada tekanan 200 kPa dengan kualiti 25% mempunyai kenaikan suhu
sebanyak 20°C dalam proses bertekanan tetap. Apakah perubahan dalam entropi?
Nyatakan kedudukan relatif dalam gambarajah P-v dan T-v.

[7 markah]

[a] Verify the validity of the Maxwell relation equation of [%\-I/—)P = «—[%EJT for

steam at 300°C and 500 kPa.

[b] Helium gas expands from 125 kPa, 350 K and 0.25 m’ to 100 kPa in a
polytropic process with n = 1.667. How much work does it give out?

[7 marks]

[a]  Sahkan kesahan bagi persamaan kehubungan Maxwell iaitu (%)P: —Z—S}—)]T

untuk stim pada suhu 300°C dan tekanan 500 kPa.

[b]  Gas helium mengembang dari tekanan 125 kPa, suhu 350 K dan isipadu
0.25 m® kepada tekanan 100 kPa dalam proses politropik dengan n = 1.667.
Berapakah kerja yang telah dikeluarkan?

[7 markah]

[a] For water at 100 kPa with a quality of 10%, find the volume fraction of vapor.

[b] Water at 120°C with a quality of 25% has its temperature raised by 20°C in a
constant volume process. What is the new quality and pressure?

[7 marks]

[a]  Kirakan pecahan isipadu bagi wap bagi air pada tekanan 100 kPa dengan
kualiti sebanyak 10%,.

[b]  Air pada suhu 120°C dengan kualiti 25% mempunyai kenaikan suhu
sebanyak 20°C dalam proses berisipadu tetap. Apakah kualiti dan tekanan
baru bagi air?

[7 markah]

... 8/-
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Section C : Answer any TWO questions.
Bahagian C : Jawab mana-mana DUA soalan.

18.

18.

[a]

[c]

[a]

A car air conditioner uses a vapor-compression cycle with the environmentally
friendly refrigerant HFC-134a as the working fluid. The following data are
available for this cycle

Point Fluid state Temperature
1 Saturated liquid 55°C
2 Vapor-liquid mixture
3 Saturated vapor e
4 Superheated vapor

[i] Provide the missing temperature and the pressure in the table

[ii] Evaluate the coefficient of performance for the refrigeration cycle
described in this problem.

[10 marks]

Assuming a mixture of n-pentane and n-heptane is ideal. Prepare a x —y
diagram and P-x-y diagram for the mixture at constant pressure at 50°C.

Given : In P} :10_422.,_2_@?_
5*412 RT
In P =11431. 20200
T RT
[10 marks]
Discuss fugacity and fugacity coefficient of a pure component.
[5 marks]

Alat penghawa dingin udara satu kereta menggunakan kitaran mampatan wap
dengan bahan pendingin HFC-134a sebagai bendalir bekerja. Data berikut
adalah untuk kitaran ini

Titik Keadaan bendalir Suhu
I Cecair tepu 35°C
2 Campuran wap-cecair
3 Wap tepu 3'C
4 Wap panas lampau :

[i] Berikan suhu dan tekanan yang tiada untuk jadual di atas

[ii]  Hitungkan pekali prestasi untuk kitaran penyejukan ini.
[10 markah]
...9/-



= [EKC 222]

[b]  Andaikan satu campuran n-pentana dan n-heptana adalah unggul. Sediakan
satu gambarajah x — y dan P-x-y untuk campuran ini pada tekanan malar dan
pada suhu 50°C.

Diberi : In P =10.422- 26799

RT

In P - 114313222

[10 markah]
[¢]  Bincangkan fugasiti dan pekali fugasiti untuk komponen tulen.
[5 markah]

19. [a] [i] Using Figure Q.19.[a] to describe the phase changes along the line
FLWG.

Figure Q.19.[a]
[5 marks]

[i1] Briefly describe the difference between expansion and compression
processes in terms of thermodynamic properties.

[5 marks]

.. 10/-
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[b] Estimate the bubble point and dew point temperatures of a 25 mol %
n-pentane, 45 mol % n-hexane and 30 mol % n-heptane mixture at 1.013 bar.

Given: InP\™  =10.422- L =702 (cal/cc)”
entane RT n-pentane
InP™  =10.456- 2l S o =127 (callcc)”
RT
ln an-alf)eptane = 1 l 43 1 i 3%%’](:)9 51\-l1cptane = 743 (Cal/CC)}';

Note : Make an initial trial values as follow
i. Bubble point calculation : T =330 K

ii. Dew point calculation : T=355K
[15 marks]

[a]  [i] Gunakan Rajah  S.19.[a] untuk menerangkan pertukaran  fasa
sepanjang garisan FLWG.

LR

L

Y

.
\

kY
1

Y
'\

Rajah S.19.[a]

[5 markah]
R RVE
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[ii]  Terangkan dengan ringkas perbezaan antara proses pengembangan

dan mampatan dalam terma sifat-sifat termodinamik.
[5 markah]
[b]  Anggarkan suhu titik gelembung dan suhu litik embun untuk satu campuran
25% mol n-pentana, 45% mol n-hexana dan 30% mol n-heptana pada

1.013 bar.

Diberi: In Pwap =10.422- ?»2152 5n»[lemwm =7.02 (kal/gﬂlj )%

n- pentana

29676

I B g = 10456 -2 8y = 7.27 (kal/sm® )*

n-hexana “ n-hexana

35200

In PP == ]1.431- 5 ) =7.43 (kal/sm ’ )%

n-heptana n-heprana

Nota : Gunakan nilai mula seperti di bawah
i. Pengiraan titik gelembung : T = 330 K
ii. Pengiraan titik embun . T'= 355 K
[15 markah]

[a] Calculate the equilibrium extent of decomposition of nitrogen tetroxide as a
result of the chemical reaction at 25°C and 1 bar as follows:

Ny Og(g) =2 NO;
[13 marks]
(o] [} Discuss the difference between refrigeration and liquefaction.

[3 marks]
[ii] Briefly ciscuss what is “flash calculations”

[3 marks]
f1ii]  Explain the term: “Reaction coordinate”

[3 marks]
[iv]  Briefly =xplain what is heat of reaction in term of enthalpy.

/3 marks]

12/
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Lampiran
, State Soc#” &G
Chemicd Specles {See Mode) kimol of the Substance Formed
feon (18) suifide el {8, ¢2) o {00 - {1004
from sulfide {pyrite} Fel, {x) ~ 1 78.2 ~166.9
Lzod oxide PhO (s, yellow) ~217.3 - 187.9
Lesd oxide Poi) {8, redy 2§00 —~{88.9
Lead dioxide o0, ) =274 -217.3
LAthinm chioride Lich i) «408.5 e
Edthiam chilotide LiCl-H,Q ¢ ~T12.% e
Lithium chilovide LACH2H O (s} w27 —
Lithiium chiovide LiCHIHL 0O §4) 13013 .
Magnesium oxide Mg (s} - GOLT —569.4
Magnesivm carbomate MaCO; {s) ~ 0938 e 0120
Mugnesinm chioride MpCly (s} «H31.3 -591.8
Mereury (1) chloride Hz,ClLy {s) -365.2 ~210.8
Mercury (11) chiloride HzChy (s} w223 ~178.6
Nitrie scid HNO, (1) ~174.1 0.7
Nitric achd HNO; (ay) el ~111.3
Nitwic ostide NG (&) %0.3 86.5
Nitrogen dioxids MO, 03] 33.2 51.3
Nitrons oxide MO () 82.1 104.2
Niogen witvoxide Ny (&) 9.2 97.9
Potassium chiloride KCi {s) - 4368 =409,
Silicon dioxide SO (s} = Q10.9 ~856.6
Silver bromide AgBr () - J00.4 ~56,9
Silver chloride AplCl s} w1271 e 1.8
Silver nitrate AgNG, (5 —~124.4 -33.4
Sodium bicarbonate NaHCO, {s) ~45.6 8479
Sodivm carbonare NazCOy {s) -} 130.7 - 10444
Sodiunt carhonate MNap GO 10H, 0 (%) —4081.3 R
Sodivm chlogide Nall {s) —eif§ 1.2 384,
Sexfium chloddo Nal {aq) e ~ 3931
Sodium hydroride NaOH {87 wd25.6 —~379.5
Sodium hydroxide NaOH Cued . ~419.2
Sodium sulfae Ny $O, (3} ~§382.8 - 12652
Socliums sulfste-decnhydrate  Nup SO, - §0H0 {x) ~4322.8 = 3642.3
Sulfur Sz () 129.8 810
Sulfur Sz i 1.1 0.3
Sulfur S, ) o 0
Sulfur dioxide S g - 296.8 ~300.2
Sulfur trioxide 8O3 (€3, -395.7 -371.4
Suitfiar seioxide e {‘:; —~441.0 o
Silfurtc acid HsS0, I} -~ 3814.0 e GRG0
Sulfric acid Ha804 {aq} s — 7445
Wter HO ig) w218 —238.6
Waley (3 (i 3858 ~237.1
Zine oxids Zol (s} -~348.3 —-318.3

Tiken from TRE Thermodynamic Tubles-—Hydrocarhois, Thisrmodynamics Research Center, Vexaw ARM
Oniversity- Systen, Callege Statlon, Tex:; The NBS Tubles of Chamical Thermodynamic Propesties,” /.
Bliystonl and Chemicat Nefierence Data; Yol t, Soppls 2, 19821 and @ eollection of other sausces: Bocwise
of the vulety of sowrees. wwod Tere and in the PROPERTY program, there may be very small differeaces
between the dutahere and In that progirom,

Noter Al standood siates e a1 2590, The stwnderd State for o gas dusignated by (). is the pure ideal gas
at 1 bue. Fortiquids (1ysnd xolids {s), the standond stete b thesulistance in that state of aggregation af i
bar and 257C, For solutes in squicous solution. denotesd by fag). the standwd state is the hypotheticul fdend
f-molal solution of the solute in water it bar aned 25°C,

2/
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Yalues of the Universal Gas Constant

=8314Jmol~! K~} =8.314 m3 Pamol~! K~!

=83.14 cm? barmol~! K~ = 8,314 cm? kPa mol~! k-1

=82.06 cm3(aCm) mol™1 K-1 = 62,356 cm3(lorr) mol~! k-1

= 1.987(cal) mol~! K1 = 1.986(Btu)(lb mole)~ ! (R)~"

=0.7302(f0)* atm)(lb mol)™ (R)™! = 10.73(8) (psia)(1b mol)~! (R)~!
= 1,545(f)(Ibg)(Ib mol) ! (R)~1

Properties of Various Ideal Gases

-'_Gas

S\éanﬁ -
| Acetylene

Hydrogen
Methane

P Sty

Nitrous oxide: N0 01889 17 ko

ndtanc €4ty 00279 - 002 . adir

B A Y B BT A
;v“ i 52

4/-
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Saturated water~Temperature fable

‘ el
Specific volume, Internal energy, Enthalpy, Entropy,
kg g Kilkg kg - &
st st S Sat, st St Sat Sat St
Temp., press., liguid,  vapor, liquid, Evap, vapor, liquid, Evap, vapor, liquid, Evap, Vapar,
TG PukPa ¥y Uy Ug & y iy hy 5 ¢ 5,

001 DEIL7 0001000 206.00 0000 23749 23749 GOOL 25009 25009 0.0000
5 08725 0001000 147.03 21013 23608 23818 21020 24890 25101 04763
10 12281 0001000 106.32 2020 UCE 23T 4202 172 28192 0151
15 17057 0001000  77.885 62580 233285 23955 62982 20654 75083 02245
20 23392 000102  57.762 83513 23184 24023 83915 24535 5374 0.2065

25 31698 001003 43340 10483 23043 24091 10483 28417 25465 03672
30 42463 0001004 32879 12573 22002 24159 12574 24298 25556  0.4368
3% 56281 0001006 25205 4663 22760 24207 14684 24179 25648 05051
40 73851 Q00MNB 190515 16753 22619 24244 16753 24060 25735 05724
45 9.5953 0001010 15251 18843 22477 24360 18844 23040 25824 06386

50 1233 000012 12026 2933 22334 M7 2934 2620 25918 07038
§ 15763 0005 95639 23024 2219 2493 23026 23698 26000 07630 72218 19898
60 19547 0001017 706670 25116 22047 20559 2BLI8 23517 J60BR 08313 70769 7908
§5 25043 000100 61935 21200 2103 G4 20212 2454 HIT5 089 6930 7429
0 3202 000102 503% 20304 21758 M683 29307 23330 2661 09551 67989 77540

1% 3R89 0001026 40291 31399 20613 24753 31403 23006 26346 10158 6:6656 7.6612
80 47416 000102 34053 33497 21466 20816 332 23080 26430 10756 65355 76111
8 G868 0001032 28261 35686 21319 24878 602 22953 26504 LIME 64083 75435
0 7018 0001036 23593 IT6A  21T0 MO IT0E 20825 26596 11923 6.2853 74782
9% 4609 0001040  LOBB 30800 21020 26001 39809 22696 26676 10504 6.1647 74151

00 10142 0001043 16720 41906 20870 29060 4157 22664 26756 13072 60470 73542
105 12050 0001047 14186 #4015 207LE 25119 44028 22431 26834 13634 59319 7.2952
HO 14338 ogolosz  La0o4 46127 20664 28177 46142 22097 26911 14188 58199 72382
U5 16318  00OI0S6  LOGEO 48242 20409 25233 48250 22060 26965 14737 57032 7.829
120167 000060  O#IES 0360 R0053 25289 50381 22021 27060 15479 5603 7.2

125 23223 001065  0J7012 5483 20095 25343 G507 21881 27131 15816 54956 7.0M1
130 21028 0001070 OG6SO8 54530 19934 25305 4538 21737 27001 LEM6 53919 7.0265
135 31322 0001075 058179 674 0VP3 26447 56705 21500 27269 16872 52901 69713
10 36153 0001000 050050 5677 19609 25496 SROI6 2143 20335 17302 51001 6.9294
W5 41568 0001085 04600 61009 19442 25544 61064 20202 27393 L7908 50919 68827

150 47616 0001091 039248 63166 19274 25500 63208 21138 21459 1.8418 4.9553.6.8371
155 54349 00010% 034648 £53.19 19103 25635 65379 20980 27518  1.8924 45002 67927
160 61823 0001102 030680 67479 18930 25678 67547 20820 21515 19426 48066 67432
165 70093 0001108 027244 69646 18754 25719 69724 20656 27628 1.9923 47143 &7067
170 75218 OO0LIM4 024260 71820 18578 25757 71908 o04Rd 2679 20417 46233 66650

176 89260 0001121 021659 74002 15394 25794 L0z 2817 27727 20906 45335 6.6242
180 10028 0001127 010384 76192 18209 25828 76305 20142 27712 21392 44448 6.5841
185 11235 0001134  0.17390 78391 18021 25860 78509 19962 27814 21875 43572 6544
190 12852 0001141  0.5636 80600 17830 25890 80743 19779 27853 22355 42705 65050
195 13988 000149 014089 82818 17GH6 25017 2978 19500 27888 2.2831 4,1847 64678
¢ 18549 0001157 042721 85046 17437 25942 85226 19398 27920 23305 40997 64302

9.1556 9,155
89487 909
87438 .80
85559 87803
8369 86661

8.1895. 85667
80152 8.5
7.8466 83517
16832 82556
7547 8163

13710 810748

L5
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Salurated water—Temperature table (Continued) |

Specific volumg, Intenal energy, Enthalpy, Entropy,

mkg _Mfkg kifkg Wikg - K
Sat.  sat St Sat. Sat.  Sat. Sk Sat St
Temp., press, liquid,  vapor, liquid, Evap, vopor, liquid, Evap., vapor, liquid, Evap, vaper,

T FakPa v DTS S DL . L L
W5 A3 0001164 DAISIS  &285 185 25%4  BAST 19200 21948 23776 40154 63930
20 18077 000M73 010429 BYSIE 1029 25083 9761 18997 2973 24245 39318 63563
215 21058 Q0L 0094680 91802 16819 26999 02050 18788 27993 24712 38488 63700
20 23196 0001190 00BG0SH  S4079 16605 20013 94355 18574 28010 25176 37664 €.9840
25 2597 0001199 0078405 96370 16386 26023  B6676 18354 2022 25630 34844 £24m
20 27971 0001209 007105 98RIG 616 26029 99014 18128 28029 26100 26028 62128
235 30626 0001219 0065300 10000 15032 26032 10137 17805 28032 26560 35216 61775
20 3370 0001229 0039707 10334 15698 26031 10375 17655 26030 27018 34405 61424
245 36512 0001240 0054655 10569 15457 26027 10615 17408 28022 2747 33596 61072
B0 39762 0001252 0050085 10807 15211 26008 10857 17153 26010 27933 32788 60721
295 4329 0001260 004591 11047 14958 26005 11101 16690 27991 28390 31979 6039
%0 46923 0001276 0042175 11288 14699 25987 11348 16618 2966 2847 31189 60017
5 5053 00019 003748 11533 14432 25965 11508 16337 27935 29304 30358 59662
40 5030 00013 003862 WIS WIST 25987 NS5 16046 27897 2962 29542 59305
75 564 0001317 003267 12029 13074 25903 12107 15745 27852 3021 28773 58044
2 G465 000133 DOIS 12082 1382 25864 12367 1532 41799 30681 27898 53679
285 G946 000IAI 00WTSG 12637 1328) 28818 12631 15107 27737 3AM4 27066 58310
20 TMLS GOUIE OO6SE 12197 1963 29065 12898 M4769 27667 31608 26225 534
95 75390 ODOIBL 0023528 13060 12645 25005 13U TM4L6  2USRT 32076 25904 57450
W0 36879 0001404 0021659 13327 12308 25636 13448 14D48 27496 32548 24511 505
05 92004 0001425 0019932 13600 11959 25558 13730 13663 27304 33024 23633 5ees
0 98650 OQOMAT OOISN 13877 1543 28471 14020 13258 21219 33506 22737 56243
35 10556 Q0072 GONGBAY  IAI6L 1201 25372 VAILG 12834 27150 33094 21821 58816
2 U2 00049 OOIST0  SL 10809 25260 14620 12385 2006 34491 2088 55372
3 W05 0001528 OOMIE 750 (385 25034 M934 1OLD 26843 3498 19911 54908
30 1285 0001560 0012979 15057 9935 20992 18258 11403 26660 35516 18906 54422
B5 13707 0001867 DOMBAB 15375 9455 4830 15504 10BGO 26454 36050 17857 53907
MO 14601 0001638 ODIO783 15707 8938 24645 15046 10274 26220 36602 16756 53358
U5 15501 OMOIGES Q0MPT2  I60SS5  BILT M3 16307 9634 25951 31T LESBS 5276
30 16529 0001741 00006 16424 759 24183 1672 927 25639 37788 14326 52114
351250 0001808 Q00KSI2 16822 2054 28866 17140 BI29 25269 3aM2 12042 513
%0 18666 0001895 0006950 17262 6257 2319 17618 7200 24816 35165 11373 5053
%5 19822 0002015 0006009 17772 5264 23036 18172 BOS5 24227 40004 0.9489 49498
02004 0002217 0004953 16445 3856 22301 IROL2 AR 23343 41119 0.6800 48000
I35 2064 0003106 0RO3106 20157 0 20057 B3 0 20843 44000 0 44070

...6/-



-6- [EKC 222]
Saturated water—Pressure table
Specific volume, Internal energy Enthalpy, Eﬂf;’r‘w
kg kifkg kilkg kifkg -
B
Sat.  Sat. Sat. Sat. sab Sat, Sat.  Sat. Sat.
Pess, temp, Wowid,  vepor,  liquid, Ewp., vapor,  liqud, Evep., vapor liquid, Evap, Vapor,
T Ve b Y% G b b B 5 s s
10 697 000000 12909 29302 28552 2645 29300 24844 25137 01059 58630 pgry
15 1302 0001001 BP.964  5ALH6 23331 23028 B4GE8 24701 25247 01956 85314 88270
20 1750 0001001 66990 73431 23255 23989 73433 24505 25329 02606 84621 gy
25 2108 0001002 ©4.242 88422 23154 24038 88.42¢ 24510 25304 03118 83302 86421
30 2408 0001003 45:6594 10098 23069 24075 10098 24439 25448 03543 8.2222 85765
40 2856 0001004 34791 12130 22931 24145 12139 24323 25537 04224 80510 84734
50 3287 0001005 28185 13775 22821 24198 13775 24230 25600 04762 7.9176 83938
15 4029 0001008 19.233 16874 22611 24298 16875 24063 25240 05763 7.6738 82501
10 458) 0001010 14670 19079 22454 24372 19181 23921 25849 06492 7.499¢ 8.1488
15 5397 0001014 10:020 22593 22220 24480 22594 23723 25983 07549 72697 8.0071
0 6006 0001017 76481 25040 22046 24560 25142 2357.5 26089 08320 7.0752 75073
25 64.96 0.001020 62034 27193 21304 24624 27196 23455 26175 0.8932 6.9370 18302
30 6909 0000022 52287 28924 21785 24677 28927 23353 26246 0.9441 £.3234 17675
40 7586 0001026 39933 31758 20588 24763 31762 23184 26361 10261 6.6430 7.6691
60 8132 0001030 3.2403 34049 21427 24832 34054 23047 26452 1.0912 65019 15931
75 9L76 0001037 22172 38436 21108 24961 38444 22780 26624 12132 6.24%6 74558
100 5961 0001043 16041 41740 20882 25056 41751 22575 26750 L3028 60562 7.358
101325 9997 0001043 16734 41895 20870 29060 41906 22565 26756 L3069 6.0476 7355
125 10597 0001048 13750 44423 20688 25130 44436 22406 26849 13741 59100 72841
15 11135 0001053 11594 46697 20523 25192 46703 20060 26931 LA3Y 57804 7223)
175 11604 0001057 10037 48682 2037.7 25245 487.01 22131 27002 14850 56865 7.1716
200 12021 0001061 OB2B578 B04S0 20246 25291 BOATL  220L6 27063 15302 6.5968 71270
225 12397 0001064 079329 52047 20127 25332 §071 20010 27117 15706 55171 70877
250 12741 0001067 071873 53508 20018 25368 53533 21812 27165 16072 54453 7.0525
275 13058 0001070 065732 54857 19916 25401 54886 21720 27209 16408 53800 7.0207
300 13352 0001073 060582 56111 19821 25432 66143 21635 27249 L6717 63200 6.9917
325 13627 0001076 0.56193 57284 19731 25459 57319 21554 27286 1.7005 5.2645 69650
350 13886 0001079 052422 58389 19646 25485 58426 21477 27320 17274 52198 69402
375 14130 0.001081 049133 59432 19566 2550.9 50473 21404 27351 17526 5.1645 69171
400 14361 0001084 046242 60422 19469 25531 60466 21334 27381 17765 5.1191 6.8955
450 1472.90 0001088 041392 62265 19345 25571 62304 21203 27434 18205 50356 6856
500 15183 0001093 037483 63954 19212 25607 64008 21080 27481 18604 4.9603 6.8207
550 15546 0001097 034261 65316 19088 2563.9 65577 20966 27524 18970 4.8916 6.7986
600 15883 0001101 031560 66972 18971 2466.8 670.38 2085.8 27562 19308 4.8285 6.7503
650 16198 0061104 020260 68337 18361 25604 68408 20755 27506 1.9673 4.7609 6€.7322
700 16495 0001108 027278 69623 18756 25718 £97.00 20658 27628 19918 47153 67071
750 16775 0001111 025552 70840 18656 25740 70924 20564 27657 20195 4.6642 66837



-

Saturated water-—Pressure able {Contintied)

[EKC 222]

Press.,
PkPa

Sat,
temp.,
T, °C

Specific volume,
mfkg

{nternal energy,

kilkg

Enthalpy,

g

Entropy,

kifkg - K

Sat.
liquid,
Y

Sak.

apar,
v,

Sat,
fiquid, Evap.,
U Ulg_

Sat,
vapor,
e

Sat,
licguid,
g

Evap.,
hy

Sat.  Sat.
vapor,  liquid,
By 5

Sat,
Evap., vapor,
S 4

800

850

950
1000
1100
1200
1300
1400
1500

1750
2000
2250
2500
3000
3500
4000

7000

800
9000

10,000

11,000
12,000
13,000

14,000
15,000.

16,000
17,000

18,000
19,000
20,000
21,000
22,000
22064

17041
17294
17535
177.66
179.88
184.06
187.96-
19160
195.04
198.29

20572 .

212,38
21841
223.95
233.85
242.56
250,35
263.94
275.59
285.83

295.01
303.35

3100

318.08
324.68

330.85
336.67
342,16
347.36
352,29

356.99
36147
365.75
369.83
3731
37355

0001115
0:001118
0.001121
0.001124
0.001127
0,001133
0.001138
0.001144
{.001149

0.001154.

0.001166
0.001177

0.001187

0001197
0.001217

0.001235
0.001252
0.001286
0.001319
0.001352
0.001384
0.001418
0.001452
0003488
0001526

0.001566

0.001610.

0.001657
0.001710
0.001770

0.001840
0001926
0002038
0.002207
0,002703
0.003106

0.24035
(,22690
0.21489
0.20411
0.19436

0.17745
0.16326
0,15119
0.14078
013171

0.11344
0.099587
0.088717
0.078952
0:066667

0.067061
0.049779
0.039448
0.032443
0.027378

0023525

0.020485
0.018028
0.015988
0.014264

0012781
0.011487
0.010341

0.009312

0,008374

0.007504
0006677
0.005862
0,004994
0.003644
0.003106

13060

16855

718,97 1856.)
731.00 18469
741,55 1838.1
151.67 18256
76139 18214

71978 18057
796.96 1790.9
813.10 1776.8
828.35 1763.4
842,82 1760.6

87612 17205
906.12 1633.0
93354 16513
955,87 18432
10046 15985

10454 1557.6
10824 1510.3
11431 14489
12068 1364
12580 13230

1264:5
1207.6
11518
1096.6
10413

985.5
9287

1350.8
13933
1339
14730

15110
15484

16226
1660.2
1690.1
17403
1785.8
18416
1361.7
2015.7

5.1
67159
5989

391.9
140.8
Py

810.3
8034

509.0-

720.87
73195
74256
152,14
762.51
781.03
798.33
814.59
829.96
844,55
§78.18
508,47

25760
257718
25796
2581.3
2582.8

2585.5
2581.8
2589.9
2591.8
25934
2596.7
2599.1
26009 936.21
26021 961.87
2603.2 1008.3

2603.0 10497
26017 10874
2507.0 11545
25609 12138
25810 1267.5

25705 13171

25585 1363.7
25452 1407.8
25304 1450.2
25143 14913
2496.6 15314
2477.1 15710
24557 16103

2432.0 16453

2405.4 16903

23750 17322
23392 17768
20948 1826

22335 1888.0

20924 20111
20157 20843

2047.5
2033.8
2030.5
20224
20146

19996
1985.4
19719
1958,9
1946.4
1917:4
1893.4
18643
1840:1
17043

1753.0
1713.5
1639.7
1670.9
1505.2

14416
1379.3
13176
1256.1
1194.1

11313
1067.0
10005
8311
857.4

M8

689.2

585.5

4504

1615
0

27683 2.0457
2770.8 20705
27730 20941
£175.2 2.1166
21711 21381

27807 2.1785
27838 2.2159

(27865 22508

27889 2.2835
27910 23143

27352 23844
27983 2.4467
28005 2.5029
28019 2.5542
2803.2 2.64%4

28027 27253
28008 2.7966
2194.2 29207
27846 30275
27726 31220
27587 32077
2742.9 32866
27255 3.3603
27063 34209
26854 34964

26627 3.5606

26379 3.6232

26108 36848
25810 3.7461
2542.7 38082

2510.0 38720
24660 3.939
24121 40146
23384 41071
21726 42942
20843 44070

L8730

3
46160 6.6616
4.5708

705 6.6409
45273

6.6213
4.4862

6.602%
44470 6.5850
43735

6,5520
4.3058 6.5217
4.2428 64936
4.1840

6.4675
4.1287

6.4430
40033 6.3877
3.3923 6.3390
3.7926

6.2954
37016

6.2558
35402 6.1856
3.3991

§.1244
32731 6.0606
30530

59737
28627 5.8902
26927

58148
25373

5.7450
23925 56791
2.2556

5.6159
2.1245

5.5544
19975 5.4939

54336
53728
5.3108
5.2466
13708 5.1791

12343 5.1064
1.0860 6.0256
09164 4.9310
0.7005 48076
0.2496 4.5439
0 44070

1.7497
16261
1.5005

.8/



.8 [EKC 222]
Superheated water
T v u f s v U h s y u h TM
G m¥kg  kikg kikg kikg Kl mikg  Wifkg  kike g K| mfkg Kk kike k Mg K
P = 0,01 MPa (45.81°C) F= 005 MPa (81.32°C) P= 010 MPa (99617,
Sobt  14.670  2437.2 26830 B8.J488] 32403 24832 26452 7.5081 | 16941 25056 2575.(3“73}&;
50 14.867 24433 25920 817414 [
100 17,196 25185 26875 84489 34187 25115 26824 7.6953 1 16959 25062 26758 7.3611
150 19513 ©2567.9 27830 868031 38807 25857 27802 7.9413 | 19367 25829 27766 7ey4g
200 21.826 26614 28796 8.8049] 43562 2660.0 2877.8 81592 | 21724 26582 28755 7‘3355
250 243136 27361 29775 9.1015) 4.8206 27351 29762 B.3568 | 24062 27339 29745 8.0346
300 26446 28123 30767 9.28271 5.284] 2811‘5 30758 85387 | 2.6389 28107 30745 8:?172
400 31063 29693 32600 9.6094| 6.2094 20689 32793 88659 | 3.1027 296B3 32786 8545,
500 35680 31329 34897 5.8998| 7.1338 31326 34893 91666 | 3.5655 31322 34837 8.8367
600 40296 33033 37063 1016311 B.OSB77 33041 37060 S.4201 | 40279 33028 37056 90999
700 44,911 34808 3_»929_;9 10&)56 8.9813 J4B0.6 39207 9.6626 | 44900 34804 39204 9.3424
BOO 48.627 36654 41606 10:63121 99047 36652 41604 9088831 4.9519 36650 41602 95687
900 54143 38569 4398.3 _103429 10,8280 38568 4398.2 10,1000 | 54137 38567 43980 9.7800
1000 BR.788 - 40683 464238 110429 117513  4055.2 46427 103000 ¢ 5.8755 40550 46426 3.9800
1100 63373 42600 48938 11.2326] 126745 42599 48937 10.4897 | 6.3372 4259.8 48936 10,1698
1200 67.989  4470.9 51508 11.4132%1 13.5977 44708 51507 106704 | 6,7988 44707 51506 10.3504
1300 72604 46874 SA13.4 11.5857| 14.5209 45873 54133 108429 | 7.2605 4687.2 54133 10,5229
£ 0,20 MPa (120.23°C) P = 0.30 MPa {133.52°C) £ =040 MPa (143.61°C)
Sat. 088578 25290 27063 71270 060582 25432 27249 6.9917 | 0.46242 25531 27381 6.8955
156 095986 2577.1 27681 7.28107 Q63402 25710 27612 107921 0.47088 2864.4 27528 6.9306
200 108040 26546 28707 7.5081| 271643 26510 28659 7.3132 | 053434 2647.2 28609 7.1723
250 1.19890 27314 29712 77100 0.79646 27289 2967.9 71.5)801 0.59520 27264 20645 7.3804
300 131623 2808.8 30721 7.8%41¢  0.87535 28070 30636 77037 § 0.65483 28051 3067.1 7.5677
400 1.54934 2067.2 32770 822367 103155 20660 22755 803471 07726529649 232739 7.5003
500 178142 31314 34BE7  8.51531 118672 313046 3486.6 83271 | 0.8684363129.8 34855 81933
600 201302 33022 37048 8.7793] 1.3413%9 33016 37040 B.59151 1.00558 33010 37033 8.4580
700 224434 34799 39288 9.02211 1.49380 34795 3928:2 8.83451 1.121523479.0 39276 87012
800 247550 36647 41598 92473 1.650(}4 3664.3 41593 90605 | 1.23730 36632 41589 89274
900 270656 38563 43977 9.4598 1.80437 3856.0 43373 927251 1.35296 38557 43969 9.1394
1000 293755 4054.8 46423 9.6599) 1.95824 40545 46420 94726 1.468594054.3 46417 9.33%
1100 3.16848 4259.6 4893.3 984971 211226 42594 48921 .9.6624 1 158414 4250.2 4892.0 9.529%
1200 3.39938 44705 51504 1003041 226624 44703 51502 98431 1 1.60066 44702 5150.0 9.7102
1300  3.63026 46671 54133 "10:2029 242019 46869 54130 100157 § 181516 46867 5412.8 9.8828
P = (.50 MPa (151.83°C) P = (.60 MPa (156.83°C) P= 0.80 MPa (170.41°C)
Sat, 037483 25607 27480 682071 (31560 25668 27562 6.7593 & 0.24085 2576.0 27683 6.6616
200 042503 26433 28558 706101 035212 26394 28506 6.0683 | 0.26088 2631.1 28398 6.8177
250 047443 27238 29510 727251 .39390 27212 28876 7.1833 1 0.29321 27159 2050.4 7.0402
300 052261 28033 200446 74614 F 043442 28014 30620 2.3740 1 042416 27975 30569 7.2345
350 0.57015 2883.0 31881 7.6346) C.47428 28816 3166.1 7.5481 | 0.35447 2878.6 31622 7.4107
400 061731 29637 32724 7.7956( (51374 29625 32708 77097 | 0.38429 2960.2 32677 7.573%
500 0.71095 3129.0 34845 8.0893F 0.59200 3128.2 34834 BO04L § 044332 31266 34813 7.8692
600 0.80409 33004 37028 B.3544| 066976 32998 37017 826951 05018632887 37001 81354
700 0.89695 3478.6 3927.0 85978 074725 34781 39264 85132 | 056011 3477.2 39253 8.3794
BOO  0.98966 36636 41584 582401 0.B2457 3663.2 41579 873951 0.618203662.5 41570 8.6061
900 108227 38554 4396.6 9.0362) 0.90179 38551 4396.2 B.9518 ) 0.67619 38545 43955 2.8185
1000 1.17480 40540 4641.4 923641 0.97893 4053.8 46411 9.1521 | 0.73411 4053.3 46405 9.0189
1100 126728 42590 48926 42631 1.05603 42588 48924 934201 0.79197 42683 4891.9 9.2090
1200 1.35972 44700 51498 S60711 113309 44698 531496 952201 0.84980 44654 51493 9.2898
1300 145214 46866 54126 99797 1.21012 4686.4 BA125 96955 § 0.90761 46861 54122 9.5625

“The temperature in parentheses I5 the saturation femperature gt the specified pressure,

ioperties of saturated vapor at the specified pressure.

.91



9. [EKC 222]

Superheated water {Continued)

T v u h $ v v h $ v u h s
C mikg  kikg ke kikg-Kim¥ke  klkg  kdke  kibeeK fm¥kg ke KM kike-K
7= 1.00 MPa {179.88°C) P = 1.20 MPa (187.96°C) | F = 1.40 MPa (195.02°C)

St DI9437 25828 2777.1 65850 (016336 2587.8 27838 65217 |0.14078 25918 27889 64675
200 020602 26223 28233 6.6956 |0.16934 26129 28161 65009 |0.14303 26027 2803.0 64975
250 023275 27104 29431 69265 |0.19241 27047 29356 68313 [0.16356 26989 20279 67488
300 025799 27937 30516 7.1246 [0.21386 27897 30463 70335 [018233 27857 30409 69553
350 028260 28757 31582 7.3029 [0.23455 28727 31542 72139 [0.20029 28697 31501 71379
100 030661 2957.9 32645 7.4670 |0.25482 29555 32613 23793 |0.21782 29530 32581 7.3046
500 035411 31250 34791 7.7642 10.29464 31234 34770 7.6779 |0.25216 31218 34748 7.6047
600 040111 3297.5 36986 8.031) [0.33395 32063 3697.0 7.9456 |N.28597 32951 36955 78730
700 044783 34763 3924.1 82755 1037297 34753 30229 81904 031951 34744 39217 8.1183
800 049438 36617 ALS6:) B.5024 |O41184 36610 41552 84176 |0.35288 36603 41543 83458
900 054083 38539 43948 B.JI50 |0.A5050 38533 43040 86303 |0.38614 38527 43033 855G
1000 058721 40527 46400 B.9155 [0.48928 40522 4639.4 88310 [0.41933 40517 46388 B.7595
1100 0.63354 42579 48914 90057 (052792 42675 48910 9.0212 |045247 42570 48905 B.9497
1200 067983 4460.0 S4B 9.2866 |0.56652 44687 B14B5 92022 (048558 44683 51481 ©.1308
1300 072610 46858 54119 9.4503 |0.60509 46855 54116 9.3750 051866 46851 54113 93036

P = 1,60 MPa (201,37°C) ‘ P = 1.80'MPa (207.11*C) P = 2.00 MPa (212.38°C)

St 002374 25948 27923 64200 |0.11037 25973 27959 6,3775| 0.09959 25091 27963 6.33%0
225 013293 26451 28678 65537 |001678 26370 28472 6.4525) 010381 26285 28360 64160
250 04190 26929 29199 66753 |0.12502 26867 29017 6.6088| 0.11150 26803 29033 6.5475
300 0.15866 27816 30354 68864 |0.14025 27774 30299 6.8206| 012551 27732 30742 6.7684
350 0.17450 28666 31460 7.0713 [0.15460 28636 31419 7.0120] 0.13860 28605 31377 6.9583
400 019007 29508 32549 7.2394 (016849 29483 32516 7.1814| 015122 29459 32484 7.1297
500 022029 31201 34726 7.5410 |0.19551 31185 34704 7.4845| 017568 31169 24683 74337
600 024599 32039 36939 7.8101 |0.22200 32927 36923 7.7543) 019962 32915 36307 7.7043
700 027941 34735 39205 80558 [0.24B22 34726 39194 8.0005| 022326 34717 39182 7.9500
BO0 030865 36595 41534 82834 |027426 36588 41524 8.2284] 024674 36580 4155 8.179]
900 033780 38521 43926 84965 [0.30020 38515 43915 BA4IT{ 0.27012 36509 43911 8.3925
1000 036687 40512 46382 B.6974 [0.32606 40507 4637.6 B.6427| 029342 40502 46371 .5036
1100 039589 42566 4890.0 8.3878 |035168 42562 48896 8.8331| 031667 42557 48891 B.7842
1200 042488 4467.9 51470 9.0689 |0.37766 A4676 51473 9.0143] 033989 4467.2 SIAT0 8.9654
1300 045363 46348 54109 92418 |040341 46845 54106 91872 036308 46842 54103 9.1384

P = 250 MPa {223.85°C) P = 3.00 MPa (233.85°C) £ = 3.50 }Pa (242,56°C)

Set. 007395 26021 28019 6.2558 1006667 26032 2803.2 618567 005706 2603.0 28027 6.1244
225 008026 26048 28055 6.2629
250 0.08705 26633 2880.9 64107 |0.07063 26447 28565 6.2893 0.00876 26240 2829.7 6.1764
300 009894 27622 3009.6 66459 (008118 27508 29943 6.5412] 0.06845 27388 29784 6.4484
350 010979 28525 31270 68424 009056 28444 31161 6.7450] 007680 28360 31049 6.6601
400 012012 23398 32401 70170 1009936 29336 32317 6.9235] 008456 2927.2 32232 6.8428
450 013015 30262 33516 7.1768 0.10783 3021.2 33449 7.0856| 0.09198 3016.1 33381 7.0074
500 13939 31128 34628 7.3254 (011620 31086 3457.2 7.2359) 0.09919 31045 3451.7 ¥.1593
600 0.15931 32835 36868 7.8979 013245 32855 36828 7.5103) 011325 32825 36789 7.4357
700 0.17835 34693 39152 7.8455 |0.J4841 3467.0 39122 7.7590§ 0.12702 3464.7 3909.3 7.6855
800 019722 3656.2 41492 B.0744 1016420 36543 41469 7.9885] 0.14061 36525 4144.6 7.9156
900 021597 38494 43803 8.2882 (017988 38479 43875 8.2028]| 0.15410 3846.4 43857 6.1304
1000 023466 40450 46356 84897 [019549 40477 46342 84045] DIG7ST 40464 46327 83324
1100 025330 42547 48679 86804 |021105 42536 48867 6.5055! 0.18087 42525 48856 8.5236
1200 027190 44662 51460 23618 022658 44653 51451 87771} 019420 4464.4 5144.1 8.7053
1300 0.29045 46834 5409.5 9.0349 10.24207 4682.6 54088 8.9502] 0.20750 4681.8 54080 8.8786

... 10/-



Superheated water (Continued)
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[EKC 222]

T
°C

v u
mikg  klkg

h
Klkg

5
Wikg - K

v ]
mikg  kilkg

h
kifhg

s
K)kg - K

i
Y u h

‘ 5
mifkg  Kikg  Klkg kg - K

Sat.
215
300
350
400
450
500
600
700
809
900

1000

1100

1200

1300

Sat.
300
350
400
450

550
600
700

900
1000
1100
1200
1300

Sat,
325
350
400
450
500
550
600
650
700
800
500

1000

1100

1200

1306

0.07343

P = 4.0 MPa (250.35%]

P = 4.5 MPa {257.44°C)

st

P = 5.0 MPa (263 54,

0.04978
0,05461
(.05887
006847

2601.7
2668.9
2726:2
2827.4
2920.8
0.08004 30110
0.08644 31003
0.09886 3279.4
0.11098 3462.4
0.12292 3650.6
0.13476 38448
0.14653 40451
0.15824 42514
0:16992 44635
0.18157 4680.9

2800.8
2887.3
29617
30933
3214.5
33312
3446.0
36749
3906.3
41423
4383.9
4631.2
4884.4
5143.2
5407.2

6.069%
6.2312
£.3639
6.5843
67714
6.9385
7.0922
7.3706
76214
7.8523
8.0675
82698
84612
86430
88164

087076

0.11972
| 0.13020

0.04406
0.04733
0.05138
(0.06842
0.08477

2599.7
2651.4
27130
28186
2914.2
3005.8
3096.0
3276.4
3460.0
36488
38433
4043.9
42504
44526
46801

0.07652
0.08766
£.09850
010916

0.14084
(.15103
0.16140

2798.0
2864.4
29442
30815
3205.7
3324.2
34404
3670.9
3903.3
A140:0
43821
4629.8
4803.7
51422
S406.5

6.0198
6.1429
6.2854
6.5153
6.7071
6.8770
7.0323
7.3127
7.5647
7.7962
80118
8.2144
8.4060
8.5880
8.7616

0.03945
0.04144
0.04535
(.05197
(.05784
0.06332
0.06858
0.07870
0.08852
0.04816
0.10769
0.11715
0.12655
0.13592
0.14527

22970 2794.2 5973y
2632.3 28395 6.0571
26990 29257 611y
28095 3069.3 64516
2907.5 3196.7 6.6483
3000.6 3317.2 6.8210
30918 34347 69781
32133 3666.9 7.2605
3457.7 39003 7.5136
3646.9 41377 17458
38418 43802 7.9519
40426 45283 8.1648
4249.3 4882.1 83566
4461.6 51413 8.5388
4679.3 54057 87124

P = 6,0 MPa {275.59°0)

£ = 7.0 MPa (285,83°C)

P = 80 MPa (295.01°C)

003245 25893 27846 58902
003619 26684 28856 6.0703
0:04225 27904 30439
004742 28937 31783
0.05217 29899 33029
0.05667 30831 34231
006162 31752 35413
0.06527 32672 3658.8
0.07355 34530 38943
0.08165 36432 4133.1
0.08964 38388 43766
(09756 40401 46254
010543 A247.1 4879.7
011326 44508 51394 84534
012107 46777 54041 86273

6.5432
87219
68826
70308
7.1693
14247

7.8751
80786
8.2709

6.3357 .

0.055665 3261.0
76582 | 0.0698!
0.076750 38357

-0.097075 4457.9
0.103781 4676.1

0.027378 25610 27726 58148
0.020492 26335 28399 5.9337
0035262 2770.1 30165 6.2305
0.039958 28795 31502 64502
0.044187 29790 32883 66353
0.048157 30743 34114 6.9000
0.051966 3167.9 35316 6.9507
36506 7.0910
30883 7.3487
41285 7.5836
43730 7.8014
46225 B.00S5
48774 81982
51374 8.3810
54026 8.5551

0.062850 3448.3
(.069856 36395

0.083571 403725
0.090341 4245.0

0.023625 2570.5
0.024279 2592.3
0.029975 2748.3
0.034344 2864.6
0.038194 29678
0.041767 3065.4
0.045172 3160.5
0.048463 3254.7
0.054829 34436
0.061011 3635.7
0.067082 3832.7
0.073079 4035.0
0.079025 4242.8
0.084934 4456.1
0.000817 4674.5

e

2758.7 5.7450
2786.5 57937
2988.1 6.1321
3139.4 6.3658
3273.3 6.5579
3399.5 6.7266
3521.8 6.8800
3642.4 7.0221
3882.2 7.2822
4123.8 75185
4369.3 2.7372
4619.6 7.9419
4875.0 8.1350
5135.5 8.3181
5401.0 84925

P 5 9.0 MPa (303,35°C)

P= 10.0 MPa (312.00°C)

P = 12,5 MP2(327.81°C)

0.020489 25585 27429 5.6751
0.023284 26476 2857.1 5.8738
0.025815 27250 2954.3 6.0380
0.020960 2842.2 31188 6.2876
0.033524 2956.3 32580 6.4872
0.036793 3056.3 3387.4 66603
0.039885 3153.0 3512.0 6.8164
0.042861 32484 3634.]
0.045755 3343.4  3755.2
0.043589 3438.8 3874.1
0:054132 3632.0 41192
0.059562 3829.6 4365.7
0.064915 40324 4616.7
0.070224 4240.7 4872.7
0.075492 44542 51336
0.080733 4672.9 5399.5

7.0054
1.2229
7.4606
7.6802
1.8855
8.0791
8.2625
84371

0018028 2545.2

0.026436 2833.1
1 0.032813 3047.0

6.9605

1 0.063183 42385

27265 56159
28103 5759
29240 5.9460
30075 62141
32424 84219
33751  6.5995
35020  £.7585
36258  6.9045.
3748.1 7.0408
38700 7.1693
41145 7.4085
43620  7.6290
46138 7.8349
48703 8.0289
51317 82126
53980 8.3874

0.013877 2611.6
0.022440 2699.6

0.029782 2944.5

0.035655 31454
0.038378 32420
0.041018 3338.0
0.043597 3434.0
0,048629 3628.2
0.053547 3826.5
0.068391 4029.9

0.067938 4452.4
0.072667 4671.3

0.013486 2505.6

0.016138 2624.9
0.020030 2789.6
0.023019 2913.7
0025630 3023.2
0028033 3126.1
0.030306 3225.8
0.032491 3324.1
0034612 3422.0
0.038724 3618.8
0.042720 38189
N.046641 40235
0.050510 4233.1
0.054342 44477

0.058147 4667.3

26743 5.4638

2826.6 5.7130
3040.0 6.0433
3201.5 6.2749
3343.6 6.4651
34765 6.6317
3604.6 6.7828
3730.2 6.9227
3854.6 7.0540
4102.8 7.2967
43529 7.5195
4606.5 7.7269
4864.5 7.9220
5127.0 8.1065
5394.1 8.2819

S RVE



<11 - [EKC 222}

Superheated water (Concluded)

i v ] h 3 Vv i h 5 Y i h §
T m¥kg  kikg kikg kikg-K|m¥kg  kike Kikg ike-Kim¥kg  kikg kikg  kikg-K
£ = 150 MPa (342.16%C) P 175 MPa (354.6?‘6) P = 20.0 MPa {365.75°C)

St 0010341 24557 26108 53108 |0.007932 23907 2529.5 51435 |0.005862 22948 24121 4.9310
30 0011481 25200 26931 54433
400 0015671 27406 29757 58819 | 0012463 26843 29024 57211 |0.009950 2617.9 28169 55506
450 0018477 2880:8 31579 6.1434 |0.015204 28454 31114 6.0212 |0.01272]1 28073 30617 6.9043
500 0.020825 29984 33108 63480 | 0.017365 29724 32767 6.2424 {0.014793 20453 32412 6.1446
550 0022045 31062 34504 65230 | 0.019305 30853 34236 6.4265 |0.016571 30647 33962 6.3390
600 0024921 32093 35831 66796 | 0021073 31925 35613 6.5890 |0,018185 31753 35390 65075
650 0026804 3310.01 37121 6.8233 |0.022742 32958 36938 6.7366 | 0.019695 32814 36753 6.6593
700 0028621 34098 3839.1 69573 | 0.024342 3397.5 38235 68735 |0.021134 3385.1 3807.8 67991
800 0032121 36003 40911 7.2037 |0.027405 3599.7 4079.3 7.1237 |0.023870 3590.1 4067.5 7.0531
900 0035503 38112 43437 7.4288 | 0030348 3803.5 43346 73511 |0.026484 37957 43254 7.2829
1600 0038808 4017.1 45992 7.6378 | 0.033215 40107 45920 7.5616 |0.029020 40043 45847 7.4950
1100 0042062 4227.7 48586 7.8339 | 0036029 42223 48523 7.7588 |0.031504 42169 4847.0 7.6933
1200 0045279 44431 51223 80192 | 0.038806 44385 5117.6 7.9849 |0.033952 44338 51129 7.8802
1300 0048469 46633 53903 81952 | 0041556 46502 53865 8,1215 |0.036371 46562 53827 £0874

Pe= 250 MPa P = 30,0 MPa ' P = 350 MPa

375 0001978 17999 18494 4.0345 | 0001792 17381 1791.9 3.9312 |0.001701 17028 17624 38724
400 0006005 24285 25787 51400 |0.002798 20689 21528 44758 |0.002105 19149 19886 4.2144
425 0007856 2607.8 28050 54708 | 0005290 24529 26118 51473 |0,003434 22533 23735 47751
450 0000176 2721.2 20506 5.6759 |0.006737 2618.9 2821.0 5.4422 | 0.004957 24975 26710 61946
500 0.011143 2887.3 31659 5.9643 | 0.008691 28240 30848 5.7956 |0.006933 27553 20979 5.6331
550 0012736 30208 3330.2 6.1816 | 0.010175 2074.5 3279.7 6.0403 |0.008348 20258 32180 50093
600 0.014140 31400 34935 63637 | 0.011445 31034 3446.8 6.2373 10.009523 30655 33990 6.1229
650 0015430 32519 36377 6.5243 | 0.012590 32217 3599.4 6.4074 |0.010565 31909 35607 63030
700 0016643 33599 37760 66702 | 0013654 33343 37439 6.5599 [0.011523 33083 37116 64623
800 0018922 35707 40438 69322 |0.015628 3551.2 4020.0 6.8301 |0.013278 35316 39963 6.7409
900 0021075 37802 43071 7.1668 | 0.017473 3764.6 42888 7.0695 | 0.014904 37490 42706 6.9853
1000 0023150 39915 A570:2 7.3821 | 0019240 39786 45558 7.2860 |0.016450 39658 45415 7.2069
1100 0025172 4206:1 48354 7.5825 |0.020954 41952 4823.9 7.4906 | 0.017942 41844 48124 74118
1200 0027157 44246 51085 77710 | 0.022630 44153 5094.2 7.6807 |0.019398 44061 50850 7.6034
1300 0029115 4647.2 53751 7.9494 | 0.024279 4639.2 5367.6 7.8602 | 0.020827 46312 53602 7.7841

P = ADG MPa = 50,0 MPa £ = 60.0 MPa

375 0001641 1677.0 17426 3,200 | 0.001560 1638.6 1716.6 3.7642 {0.001503 1609.7 1698.9 3,7149
400 ©.001911 18550 19314 41145 | 0001731 1787.8 18744 4.0029 [0.001633 17452 18432 3.9317
425 0002538 20975 21930 4.5044 | 0.002009 1960.3 2060.7 4.2246 {0.001816 18923 2001.8 4.1630
450 0003692 23642 25118 4.9449 | 0002487 2160.3 2284.7 45806 |0.002086 2055.1 21802 4.4140
500 0.005623 26816 29065 54744 | 0003830 25281 27226 5.1762 |0.002952 23932 25703 4.9356
550 0.006985 28751 31544 57857 | 0005118 2769.5 3025.4 55563 |0.003955 2664.6 29019 5.3517
600 0.008089 3026.8 23504 60170 | 0006108 2947.1 32526 58245 |0.004833 2865.8 31568 5.6527
650 0.005053 3159.5 35216 62078 |0.006957 3095.6 34435 6.0373 |0.005591 30313 33668 5.8867
700 0.009930 32820 3679.2 6€.3740 | 0001717 3228.7 3614.6 6.2179 [0.006265 31754 35613 6.0814
80O 0011621 38118 39726 56613 | 0.009073 3472.2 3925.8 6.5225 [(.007456 3432.6 38800 6.4033
900 0012980 37333 42525 62107 10010296 3702.0 42168 67819 {0.008513 3670.0 4182.1 6.672%
1000 0014360 39529 4527.3 7.1355% | 0011441 39274 4499.4 7.0131 §0.009504 39020 4472.2 6.9099
1100 0015686 41737 48011 7.3425 | 0012534 4152.2 4778.9 7.2244 10,010439 41305 47573 7.1255
1200 0.016976 4396.9 5075.9 7.5357 | 0.013590 43786 5058.1 7.4207 {0.011339 43605 5040.8 7.3248
1300 0.018239 4623.3 53528 77175 | 0014620 4607.5 53385 7.6048 10.012213 45918 53245 7.5111
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Compressed liquid water

12 -

[EKC 222)

v
°C

v

i
mikg kg

h
kfig

5
kg - K

v u
m¥fkg

h

: kY
Kike kg kikg-K

Y ]

h

LUST.

o

A}

g ik kg kg

Sat,

20
4
60
80
100
120
140
160
160
200
220
40
260
280
300
320
340

20

60

100
120
140
160
180
200
20
240
260
80

320
340
360
380

P = 5 MPa (263.94°C)

P = 10 MPa (311.00°0)

P= 15 MPa (342.16°C

0.0012862 148.1
00009377 004
0.0009996 83,61
(.0010057 166.92
00010149 250,29
00010267 333.62
00010410 417,65
0.0010576
010010769
0.0010988
0.0011240
00011531 847.92
0.0011868 93839
0.0012268 10316
0.0012755 11285

586.80
&12.55
759.47

50191

1154.5
5.03
88.61
171.95
255,34
33896
422.85
507,19
592.18
67304
76504
853.68
944,32

10377

11349

2.9207
0,0601
0.2954
05705
0.8287
10723
1.3034
15236
1.7344
19374
21338
23251
2.5127
2.6983
2.8841

0.0014522 13033
00009952 0.2
0.0009973 8331
0.0010035  166.33
00010127 24943
00010244 332,60
00010385 41623
0.0010549 500,18
00010738 584.72
00010358 670:06
00011200 75648
00011482 844,32
00011809 93401
0.0012192 10262
00012653 11216
00013226 1221.8

-0.0013980 1329.4

14079
10.07
93.28

17637
259.55
342,94
42662
510.73
59545
881,01
167.68
B55.80
945.87

1038.3

11343

1235.0

13433

33603
00003
0:2943
0.5685
0.8260
10691
12996
15191
17293
19316
2121
23174
25037
26876
2.8710
3.0565
3.2488

0.0009923

0.0016572 16855
.18
0.0009951
0.0010013
(0.0010106
00010221
00010361
0.0010522
0.0010708
0.0016020
0.0011160
0.0011435
0.0011762 92981
00012121 10210
0.0012560 1115.1

165.75
24858
33159
414.85
498.50
582,69
667,63
15358
840.84

0.0013096 12134

0.0013783 13176
00014733 14313
0.0016311 1567.9

8301

1610.3
1507
97.93

18077
263.14
34692
430.39
514.28
598.75
684.01
77032
B58.00
G47.43

1039.2

11340

12330

13383

14540

15924

3.6848
0.0004
0.2932
0.5656
0.8234
1.0659
1.2958
1.5148
17243
1.9259
2.1206
23100
2.4951
26774
2.8586
3.0410
3221
3.4263
3.6555

P = 20 MPa (365.75°C)

£ =30 NPa

P = 50 MPa

00026378 17858
00009904 023
00009529 8271
00009992 16517
00010084 24775
0.0010199 330.50
(0010337 413.50
00010496 496.85
00010679 580.71
0010886 ©65.28
00011322 75078
00011390 837.49
00011697 925.77
00012053 1016,
0.0012472 11080
0.0012978 1205.6
00013611 1307.2
0.0014450 14166
00015693 1540.2
0.001824% 1703.6

16266
203
10257
165,16
267,92
350.90
43417
517,84
602.07
681.05
71300
860,27
949,16
1040.2
11340
12315
13344
14455
15716
17401

40146
G.0005
0.2921
0.5648
08208
1.0627
1.2920
1.5108
17194
1.9203
2.1143
2.3027
24867
26676
2.8469
3.0265
3.2091
3.3096
3.6088
3.8787

0.28
8.1
164.05
246,14
32840
43087
493.66
576.90
660.74
145.40
831.11

00009857
£.0009885
00009951
00010042
0.0010155
0.001029¢
0.0010445
00010623
0.0010823
0.0011043
0.0041304
0.0011595 §18.15
0.0011927 1006.2
00012314 1097.8
00012770 11513
0.0013322 12889
0.0014014 1391.7
0.0014932 15024
00016276 16268

00018728 17820

29,86
mn
193,90
276,26
358,86
44174
525,00
608,76
603,21
778,55
865.02
952,94

1042.7
1134.7
1229.8
1328.9
1433.7
15471
1675.6
1438.2

0.0003
0.2897
0.5607
08156
1.0564
1.2847
15020
1.7098
1.5094
2.1020
2.2688
24707
26491
2.8250
3.0001
3.1761
3.3558
3.5438
3.7499
4.0026

0.0008767
00069805
0.0009872
0.0009962
00010072
0.0010201
0.0010349
0.0010517
0.0010704
0.0010914
0.0011149
0.0011412 90439
00011708  990.56
0.0012044 1078.2

0.29
30.93
161.90
24308
32442
40594
487.69
569.77
652.33
13549
81945

100012430 1167.7
0.0012879 1259.6

0,0013409 1354.3
0.0014049 14529
0.0014848 15565
0.0015584 16621

4513 ~0.0010

125.95
211.28
292.88
374.78
45694
539.43
62236
705.85
790.06
§75.19
961.45
1043.1
11384
12209
13240
14214
1523:1
1630.7
17465

2845
0.5528
0.8055
1.0442
1.2705
1.4859
1.6916
1.8889
20780
2.2628
2.4414
26156
2.7864
2.9547
31218
3.2888
3.4575
3.6301
3.8102
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Saturated ice-water vapor

13- [EKC 222}

Specific volume,
kg

Internal energy Enthalpy, Entropy,
kifka kifke | kike - K

Sab Sat Sat.

Tempq press-, iﬂe, vapc rﬁ

e

Fakba v %

§ai. Sat.  Sab, Sat.  Sat,
fee,  Subl, vepor, ee,  Subl, wapor, ice, Subl,,

I by Uk by b S

Sat,

vapar,

v

001 061160 000109 20599

061115 0.001091 20617
051772 0001091 24162
0.43748 0001090 283.84
036873 0.001000 33427
030998 0001090 39466
025990 0.001089 467.17
021732 0001089 55447
0.18121 0001068 659.88
(115068 0.001088 75751
0.12492 0.001086 942.51
0.10336 0001087 11313
008510 0.001087 13620
0.06031 0.001087 16447
0.05725 GLO1087 19922
004673 0001086 24210
003802 0.003086 29517
0.03082 0.001086 36109
0,02490 0001085 44324
0.02004 0001085 5460.1
0.01608 €.001085 67505
001285 0.001084 83767

~33340 20079 23745 ~33340 28339 25005 -12202 10374

~33343 2079 23745 -33343 28339 25005 ~1.2204 10375
~33763 20004 8718 -~33763 28345 20968 -12358 10453
-34180 27108 23690 ~34180 28350 24932 -1.2513 10533
~346.94 27122 23662 ~34593 28354 24805 -12667 10613
~35004 27135 23635 ~350.04 28358 24858 ~1.2821 10695
-354.12 27148 23607 -35402 28362 24621 ~12976 10778
~358.07 21161 23579 -35817 28366 24784 -13130 10.862
-36218 27173 23852 ~362.13 28369 24747 -1.3284 10947
-366.17 27186 23524 -366.17 28372 24710 13439 11,033
~370.03 27197 23495 37013 28375 24673 ~13593 11121
~37406 21209 2468 27406 28317 24636 -13148 11.209
~371.95 1220 23441 -377.95 28379 24599 -13903 11.300
~38182 27231 234L3 38182 26300 2456.2 -1.4057 11301

8,154
9154
§.218
9,282
9.347
9.413
9.480
9.549
9.618
9.689
9.761
9.835
9,909
9.985

~385.66 21242 23385 38566 28382 24525 -14212 11484 10.063
~389.47 11252 23387 -38947 28383 24488 ~1.4367 11578 10041
~39325 21262 309 -39325 26384 24450 ~L452) 11673 10221
~397.00 7207 23302 -397.00 26384 24414 ~14676 11770 10309
~A00,72 21281 23214 -A00.72 28385 24377 ~14831 11869 1038
40840 27290 23245 -40040 20384 24340 -14986 11969 10470
~40B07 21299 23208 ~408.07 28304 24303 -15141 12071 10557
~AILI0 27307 23190 41170 28383 24265 15206 12174 10604




