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QUESTION 1

[15]

Sketch a phase diagram for water in terms of pressure and temperature:

e Indicate all possible phases on the diagram;
e Define a supercritical fluid;
e Define the triple point and indicate where it is located on the diagram; and

e Indicate the value of the critical temperature (T,.in K) and critical pressure (P, in

kPa) on the diagram.

QUESTION 2

[6]
[4]

3]

[2]
[28]

e Define and illustrate the Kelvin-Plank statement of the second law of thermodynamics

[4]

e Define and illustrate the Clausius statement of the second law of thermodynamics [4]

e Explainin full what the Clausius inequality means for reversible and irreversible cycles

e Define a reversible process

e Name four factors which render a process irreversible

e Give the four processes which together constitute the Carnot cycle

e Give the two propositions that relate to the efficiency of a Carnot cycle

QUESTION 3

[6]
[2]
[4]
[4]
[4]

[16]

A piston cylinder arrangement with a linear spring similar to Fig. 1 contains R-134a at 15°C,
x = 0.6 and a volume of 0.02 m3. It is heated to 60°C at which point the specific volume is

0.03002 m3/kg. Find the final pressure, the work and the heat transfer in the process.



E-134a

Figure 1

QUESTION 4 [10]

A flow of water at 2000 kPa, 20°C is mixed with a flow of 2 kg/s water at 2000 kPa, 180°C.
What should the flowrate of the first flow be to produce an exit state of 200 kPa and 100°C if
the system is insulated?

Figure 2

QUESTION 5 [12]

A 200 litre tank initially contains water at 100 kPa and a quality of 1%. Heat is transferred to
the water, raising its pressure and temperature. At a pressure of 2 MPa a safety valve opens
and saturated vapour at 2 MPa flows out. The process continues, maintaining 2 MPa inside
until the quality in the tank is 90%, then stops.

e Determine the total mass of water that flowed out of the tank [6]
e Find the total heat transfer during this process [6]

Figure 3



QUESTION 6 [20]

A simple steam power plant, as shown in Figure 4, operating in a Rankine-cycle has saturated
vapour at 3MPa leaving the boiler. The turbine exhausts to the condenser, operating at 10kPa.
Find the specific work and heat transfer in each of the ideal components and the cycle
efficiency

Boiler I -
3
G Turbine
—1®
I L
__@ Condenser

Figure 4



Formulas

Control volumes and units

P= 5 (mathematical limit for small 4)
V
V= m
p= % (Tables A3, A.4, A.5, F.2, F.3,and F.4)

AP = pgH (depth H in fluid of density p)

T[K] = T[°C] + 273.15
T[R] = T[F] + 459.67

F = ma
_dx _aVv
dr? dt
_ dx

v—dt

Pure substance behaviour

X = my,,/m  (vapor mass fraction)
1 = x = my/m (liquid mass fraction)
v = (1l =x),+ xv, (onlytwo-phase mixture)
P—v-T Tables or equation of state
Pv=RT  PV=mRT=nRT
R = 8.3145 kJ/kmol K
R = RIM kJ/kg K, Table A.5 or M from Table A.2
ft Ibf/Ibm R, Table F.4 or M from Table F.1
Pv = ZRT Chart for Z in Fig. D.1

P. = g T. = ?T Entry to compressibility chart

(& (4

Energy transfers

W:f"FdxzfpdV:J"SPdA=J“Td9
1 1 1 1

w = W/m (work per unit mass)

W=FV =PV=Tw (Vdisplacement rate)
Velocity V = rw, torque 7 = Fr, angular velocity = @
PV" = constant or Py" = constant

Wy = 1A (PoVa = PV (% D)

Vo ..
Wy = PV, 1n7j (ifn=1)

: dT

Q=—k1%

k (W/mK)

O = hA AT

h(W/m?> K)

O = ecA(T* — T4y (0= 5.67 X 107° W/m*> K%

IQZ = J th == Qavg AT



Energy equation

E=U-++KE + KE =mu + %mV: + mgZ
_1 v

KE = 5 mV

KE = mgZ

e=u+%V2+gZ
h=u-+ Pv

u = u+ xugp = (1 — x)up+ xu,
h = he+ xhg = (1 — x)hy+ xhg

_(on) .o _ (2
&= (aT>v’ C <(7T>p

Incompressible, so v = constant = v and v very small

C=C,=C, [TablesA3andA.4(F.2and F.3)]

U, —u, = C(7, — 7))

hy — hy = u, — u; + v(P, — P;) (Often the second term
is small.)

h=nh+v,(P— Py u=u (saturated at same 7')

s s

h=u+Pv=u+RT (only functions of 1)

_du -~ _dh_
g=thig =o L =G4 R

U, — Uy = jCUdT?: G AL, — )

hy, — hy = JCP dT = C(T, — T))

E= Q 4 (rate = + in — out)

E, — E, = 0, — W, (change = + in — out)

m(e, — e,) = m(u, — u;) + %m(V% - V3 + mg(Z, — Z,

E = Mmy€ey + Mmpeép + ’71("(3(' s I

V= fNdAa=aV (using average velocity)
m= [pV dA = pAV = AV/v (using average values)
Wiow = PV = mPv

Moy = Oy My — 3 Mg

Ecv. = Qcv. — Wev. T E Mih; — 2 M Ny o
1 5

htot = h + 5 v2 F gé = hstagnalion + gZ

S =S, (in = out)
Qc_v. G 2 IT'Zihm“- = WC‘V. + 2 ’hehtot o (1n — Out)
g = Ocy/m (steady state only)

w= W(;_V_/fh (steady state only)
g+ he i =w+ hy . (in=out)



—m = Em = Em

E.. El = lQ; - ]W" =+ 2 m hloll E ’nehtot e
E, — E, = my(u, + §V§ + gZ,) — my(u, + %V% + gZ)

1
htot e = htm exit average 5 (hho’( el + htm 1'2)

Second law
- WHE QL
Wye = On— 01 ME = —Q” == Q:
H QH
Wae = Oun — 01 Bup = WI; = O 0;
O, _ O
Weer = O — Qi Brer = W~ O =0,
e Wm <7 e 2 ﬁ
HE — Q/[ Carnot HE T”
QH TII
BIIP WIIP - .B( amot HP — TH . TI.
_ 9 T
BRI ¥ Rl-.l~ B( ‘amot REF — T” _ T[,
O=CAT
do
B
T = 0
d:
dS e Tq + dsgcm dsacn . 0

Qc m. .
c m 2 uen
m(s, — §,) f = T 1S: e .S

HLI - AS + ASsurr = ASuen =0

I/Vlﬂst = deSnren
W= [PV — Wy,

Tds =du~+ Pdv
Tds =dh —vdP

-5 = j” ffﬂ~c1—

e
T r T

1

P,
5 =8 =sn—s R]HF
1

T, P
5, =5 = Cypln —Rhg
1

5 v
S; — 8§ =CUln—+Rln—
2 l T] U
k= Co/Cy



TABLE A2

Crifical Consianis
Molec. Temp. Press. Vol.

Substance Formula Mass (K) (MPa) (m?/kg)
Ammonia NH; 17.031 405.5 11.35 0.00426
Argon Ar 39,948 150.8 4 87 0.00188
Bromine Br; 159 808 hER 10.30 0.000796
Carbon dioxide CO; 44.01 304.1 7.38 0.00212
Carbon monoxide co 28.01 1329 3.50 0.00333
Chlorine Cl; 70.906 416.9 7.098 0.00175
Fluorine Fa 37.997 144.3 522 0.00174
Helium He 4.003 5.19 0.227 0.0143
Hydrogen (normal) H, 2.016 33.2 1.30 0.0323
Krypton Er 83.80 200.4 5.50 0.00109
Meon MNe 20.183 44.4 2.76 0.00206
Nitric oxide NO 30.006 180 6.48 0.00192
Nitrogen N2 28013 126.2 139 0.0032
Nitrogen dioxide Ny 46006 431 10.1 0.00365
Mitrous oxide N, O 44013 309.6 7.24 0.00221
Oxygen 0 31.999 154.6 5. 0.00229
Sulfur dioxide S0, 64.063 430.8 7.88 0.00191
Water H; O 18.015 647.3 22.12 0.00317

Xenon Xe 131.30 2807 584 0.000902
Acetylene Cs:H; 26.038 J08.3 6.14 0.00433
Benzene CeH: 78.114 hG2.2 4.89 0.00332
nButane C4Hyp 58124 425.2 3.80 0.00439
Chlorodifluoroethane (142hb) CH;CCIF; 10:0.495 4103 4.25 0.00230
Chlorodifluoromethane (22) CHCIF; 86,469 369.3 4.97 0.00191
Dichlorofluoroethane (141) CH;CCLF 116.95 481.5 4.54 0.00215
Dichlorotrifluoroethane (123) CHCI;CF; 152.93 456.9 3.66 0.00182
Difluoroethane (152a) CHF:CHj 66.05 J86.4 4.52 0.00272
Difluoromethane (32) CF:H; h2.024 351.3 578 0.00236
Ethane Cs:Hg 30,070 305.4 4.88 0.00493
Ethyl alcohol C:H;0H 46069 5139 6.14 0.00363
Ethylene C:Hy 28.054 282.4 504 0.00465
n-Heptane C7Hyg 100.205 540.3 2.74 0.00431
m-Hexane CeHi BG.1TH 8075 30 0.00429
Methane CH, 16.043 190.4 4.60 0.00615
Methyl alcohol CH3;OH 32042 512.6 B.08 0.00368
m-Octane CeHiz 114.232 H6B.8 2.49 0.00431
Pentafluoroethane (125) CHF:CF; 1200022 339.2 362 0.00176
n-Pentane C:Hy» 72151 469.7 3.37 0.00421
Propane C:Hg 44.004 369.8 4.25 0.00454
Propene CsHg 42081 364.9 4.60 0.00430
Refrigerant mixture R-410a 72.585 4.5 4.90 0.00218
Tetrafluoroethane (134a) CF;CH;F 102.03 374.2 4.06 0.00187




TABLE A3 TASLE A 4

Properties of el acted Solids at 250 Properties of Samwe Liguids at 250
P Cp P G

Substance g/ ] kg-K) Substance Mpm®  (klkgK)
Asphalt 2120 nag Ammonta (1] 484
Brick, common 1500 0Ed Berpens Ema 1.72
Carbon, dizamond 3250 sl Butane 555 247
Carbon, graphilie 02500 06 CCL 1584 .83
Coal 12001500 136 CO: (=2 29
Concrete 2T L& Ethanol TEI Z.46
L, pilate 2500 0.E0 Gasaline 750 2.08
{5 Laes, el 1] R Chrenine 1260 242
(G ranite TS0 0 Kemsene BlS 20
e (0FC) 817 | Methanal TET 255
Paper T 12 - Octane (=] 2N
Plexiglass 1180 L4 04l engine BET 1.9
Pobystyrene 1] 21 Ol light a0 ]
Pobyeinyl chloride 1380 0.6 Propane 510 254
Rubber, soft 1100 1L&7 R-12 1310 0.97
Sand, dry 1500 0s R-22 1150 1.26
Salt, rock ZIND-3500 O.GF R-32 Bl 1.04
Silicon 2390 (1] R-125 1131 1.41
Snow, fimm SED z1 R-134a 1206 1.43
Wood, hard {oak) TH 126 R-AlDa 1059 1.69
Wnod, soft fpine) 510 1.3 Water oy 4.18
Woal 10 172 Liquid metals
Metals Blismasth, B 10040 014
Aluminum T .50 Lead Fio 10EE0 .16
B, B0-40 T 0 Meroury, Hg 13580 014
Copper, commesrcladl 8300 04z Nakl [G6/44) BT L.13
Crald 1530 w1z Potzium, K BEE 0.E1
Lron, cast TaT2 o4z Sodium, Ma oPy 1.38
[ron, 304 51 Sieel TR oA Tin, Sn 2= 0.24
Lead 11340 (i k] Zinc, In B5T0 0.50
Magnesium, ZEMn  1TTE 1.0 +OF e IF higher.
Nickel, 105 Cr BEGG (T
Silver, 39.9% Ag 10524 o
Soduam 71 121
Tin TiM 0z
Tungsten 15000 (i k]
Finc T4 o




TABLE A5
Properties of Various Ideal Gases at 25° C, 100 kPa* (ST Uniis)

Chemical ~ Molecular R p Ca Cn c
Gas Formula Mass (kg/kmol)  (kJ/kg-K)  (kg/m®)  (k)kgK) (kJkgK) k= F‘"
¥
Steam H;0 18.015 0.4615 0.0231 1.872 1.410 1.327
Acetylene C:H; 26.038 0.3193 105 1.699 1.380 1.231
Alr — 28.97 0.287 1.169 1.004 0.717 1.400
Ammonia NH; 17.031 0.4882 0.694 2.130 1.642 1.297
Argon Ar 39.948 0.2081 1.613 0.520 0.312 1.667
Butane CiHu 58.124 0.1430 2407 L.716 1.573 1.091
Carbon dioxide CO; 44.01 0.1889 1775 0.842 0.653 1.289
Carbon monoxide  CO 28.01 0.2968 1.13 1.041 0.744 1.399
Ethane C:Hg 30.07 0.2765 1.222 1.766 1.490 1.186
Ethanol C:H;0H 46.069 0.1805 1.883 1.427 1.246 1.145
Ethylene CzHy 28.054 0.2964 1.138 1.548 1.252 1.237
Helium He 4.003 2.0771 0.1615 5.193 3116 1.667
Hydrogen H; 2.016 4.1243 0.0813 14.209 10.085 1.408
Methane CH, 16.043 0.5183 0.648 2.254 1.736 1.299
Methanol CH;0H 32.042 0.2595 1.31 1.405 1.146 1.227
Neon Ne 20.183 0.4120 0.814 1.03 0.618 1.667
Nitric oxide NO 30.006 0.2771 1.21 0.993 0.716 1.387
Nitrogen N 28.013 0.2968 1.13 1.042 0.745 1.400
Nitrous oxide N;O 44.013 0.1889 1.775 0.879 0.690 1.274
n-Octane CsHg 114.23 0.07279 0.092 1.711 1.638 1.044
Oxygen 0] 31.999 0.2598 1.292 0.922 0.662 1.393
Propane CsHg 44.094 0.1886 1.808 1.679 1.490 1.126
R-12 CCl;F, 120.914 0.06876 498 0.616 0.547 1.126
R-22 CHCIF; 86.469 0.09616 3.54 0.658 0.562 1.171
R-32 CF;H; 52.024 0.1598 2.125 0.822 0.662 1.242
R-125 CHF,CF, 120.022 0.06927 4918 0.791 0.722 1.097
R-134a CF4CH:F 102.03 0.08149 420 0.852 0.771 1.106
Sulfur dioxide 50, 64.059 0.1298 2618 0.624 0.494 1.263
Sulfur trioxide 50, 80.053 0.10386 3272 0.635 0.531 1.196

*0r saturation pressure if it is less than 100 kPa.



TAELE & &

Cormtani- Fresre Specific Heats of Varions fdeal e’

Coa=Cot Ol 4+ G + GF (kIkgK) 8 — TiKelvin) /1000
Gas Formuls Ca T [ [
Steam HzD) 1.79 0107 01586 -0
Acetylene Cabl; 1.03 201 182 0sd
Alr — 105 —0L365 (L8G 03w
Ammonia KH; 15D 14 LD a7
Argon Ar 062 o 0 o
Husmne CiHip 163 5.70 — 1806 —004s
Carbon dicocide o, 045 1.67 -7 0=
Carbon monacide co 11D 046 LD —0As
Ethane Cabl 018 5.02 ~211 ]
Ethanal CaH:0H oz —4.65 182 oo
Eihylene Caby 0136 5.58 —30 0E:
Helium He 5193 0 0 o
Hydrogen Hz 1346 46 GBS 179
Methane CH, 12 125 ik -am
Methancl CH;OH 066 z3 gl -
Nean Ke 1.0 o 0 o
Nitric cockde KO 008 T | 0325 -0
Miirugen N, 111 —D48 .96 -0z
Miirous axide MO 049 1.65 ~131 04z
m-Oictans Calin 0063 B.76 ~3E7 arrs
(heygen O B8 —0.0001 .54 -033
Fropane Caka —0096 B.95 —1E 0Ts
- b CCLF, 026 147 —135 0%
R-22 CHCIF, oz LET —135 0
B3 CF:H, 0227 2.7 063 o4l
K125 CHF:CF, 0306 1.68 0284 o
E-124a* CFCHF 0165 Z.El —221 1.1
Saalfir dioscide 50, 0y L.0& - ozl
Saslfior trinxide 500, 0 L7 —15 0AE

tapprodnale fonms valld from 250 K o 1200 K.
*Formula [imssd io meodmam 500 K.




TABLE AT 1

Ideal-tras Properites of Ai Standard Enfrogy af 8.0-MPa (1-Ban Presuasre

r o & r T o b o
(K) el (kg (kg K) | (K) kg (kg (kg K)
200 14277 AT A Tl 1100 Hd5.45 116118 244449
pora | 15707 prs | Iritd b.55H12 1150 HEH 21 114350 B 254 16
240 17138 SA0ET b BL5 35 1Ehn 3337 #7781 H.34554
260 18570 26032 GoTEaER 150 977.E0 1336068 HO3GdO2
280 200,02 28039 GoyoOaR 1800 102275 139589 H44044
290 207.18 M43 GA3521 1350 106784 145543 HA4EYH
298,15 #1310 !l it ti BE305 1400 1113.43 151527 H.5EKA1
00 #1436 JiHAT b B B 1450 115450 157540 B.5T7111
J20 2IRTE J20.58 b b 13 1500 120325 163580 HOH 1208
30 24311 HOTO 608515 1350 1251.55 160645  HE31B5
60 237.53 JB0BE TO527d 1600 120808 175733 HoG9051
180 271.99 JBIOE 70735 1650 134483  1BIB44  BTEHI
401 i | 4l 30 115428 i) 130150 18TH.TE BTedTE
d4Z0 30104 4#1.589 T.20HTS 1750 143897 1l 28 H_RONIEY
44 315,64 44193 125407 1=00 148633 BlMIE 98 HH3I51H
d60 330,31 6234 TohDn42 1850 153387 204488  HEEO0E
450 M504 8281 T4 1900 158159 212695  BO0219
500 350,84 0336  T.hsa92 1950 162947 2180009 BOR52
520 I3 52348 T AZT38 20 1677 .52 2251 58 BAEE11
410 J80EY 54489 T dBhd2 250 1725.71 231413 B 15 5
S&l d04.74 SH5.47 75042 2100 1774.08 2370 B B0ETE]
580 10,87 58635  T.54084 2150 1B2E54 2430066  DU0SETR
LiTil]] A35.10 BOT 32 TAHTE3E dH0 187106 /0263 DOOBSTI
[i=d1] 5042 GEZR3E  THIOGD 2250  1919.891  2[/465.7F  DO1040E
el 165.83 4853 T.B44 48 2300 1496874 2h2H U6 HRENE.
bk 181.34 HTITE THTTIT 2350 M7 264E 31 B1Ed13
HEL 196494 ! P T.TH03 2400 i66.91 275578 B.19524
O 51264 Tli58  T.740010 M50 211604 2B10.37  D2EAOR
T2 S2H.44 73510 T.TT044 2300 216548 ZBRI0E D471
40 544.33 T56.73  T.ROOOE 2550 221493 2MEHE  D2TI0R
Tal JEh32 TTRAG T.BZU05 (0 i s I E JMTE B 257 Sl
Tal T Al Hib S T_H3T 40 50 £314.13 JNTATT g
HOL 9 58 HEE 20 T-HE514 &ria 23563, 88 I13HT B 34425
B30 G3342 BITAD  TO5207 2750 21373 320306 DU3E080
oo GT4. 82 03315  BO015EL 2200 246366 326735 D3mRET
50 T16.76 bEbA4  BOTEET 2850 251380 333173 DAN5TH
FLLAT Tl 1G22 B 13483 2o #56:3.50 J36.18 B AZKIE
101 BOE 1Mk 11548 B 150&1 2450 fH13 9 JG0TE B ABES
1100 Bl5.45 1161.18 B.24444 SO0 Lili s iy 35536 I Ey R




TABLE B.1.1

Satursied Hirfer
Specific Vohame, m” /g Imiernal Energy, klkg
Temp.  Pres Sal Liguid  Evap. Sat Vapor  Sal Liguid  Evap. Sal. Vapor
() (kPa) v Fig Ve u; b iy
.01 0E113 LILIRET HE 131 H06.1 52 ¥ 237533 FATA.33
5 L8721 N1 (WY 47117 147118 2097 ZAE1.2T F3E2.24
1 1.E2TE LILINEL T 1E3TH 106377 41.94% 2T 16 FiEl.15
15 1.705 0.001001 77824 77.925 6208 233506 Z386.04
20 2.338 0.001002 ST.78HT 577807 B304 ZIBOE 240291
25 3.169 0.001003 43,3583 433503 104.86 230400 2400.76
1} 4248 LIELIRELIE J2RURE a2 RA3E 125.77 Z2a0EL 241858
35 5.EZE LIRLINELI 252048 252158 14H6.85 ZETH.T1 fd ]
40 T.384 LIRLINELIT 19,5219 14,5228 16753 ZeEEAT 24311
45 9,503 0.001010 15.2571 15.2581 18841 ZHBAD 243681
50 12.350 0.001012 12,0608 120318 20130 228007 244347
55 15.758 0.001015 856734 156835 23019 22108 245008
Bl 19.5941 LIRLINEL )b T.HHbEN THTOT] &3 1.0 Z5.54 245483
B5 3503 LIRLINE 1 E.19554 b1 SE 54 dTE AN Z181.12 ZAE3 12
T 314 OIS JuM114 JAENT Fibe k! e Z1TH.E2 246455
75 18,58 0.001026 413021 113123 $13.87 216205 247591
80 i7.50 0.001028 T.40612 340715 33484 214736 24B2.19
85 57.83 0.001052 2 B2654 2 82757 455.82 213258 24BR.40
Al T4 LIRLINE T3 235053 #3054 3TH. B Z11T. 70 248452
a5 B4.55 LILLINEI 21 1. HElE2 1 98154 397 86 Z102.70 Z500. 56
{uli} 1.3 LILLINLIEE LET1ES 16725 J18.91 ZIET 58 Z5048.50
105 120.8 0.001047 141831 141936 140,00 207250 251234
110 1433 0.001052 120809 121014 16112 2056.96 251808
115 169.1 0.001056 103552 103658 48228 2M140 252372
120 148.5 LIRLINEI CLHTHES [LEO1=H 0348 ZIEZ5.7H E57 .24
125 232.1 LILLIREI s OLTEYS S 7054 32472 200841 Z53.63
130 E7T0.1 LIRLINEL I OLEET4d [R5 LA 1HE9. 90 Z3349.80
135 3130 0.001075 058110 05217 567.34 107760 254503
140 361.3 0001080 050777 (50885 58872 196130  2550.02
145 4154 0.001085 oL44524 044632 G106 1480 255486
150 4758 LIRLINELI iulel L392TH 31,66 1927 RY £358.54
135 543.1 LIRLINEI L3456 [346TH 3323 191K £564.04
160 H17.8 LILL T RWIIF L3596 (3070 H74.85 189352 Z3ER.3T
185 7005 0.001108 027158 027268 B96.55 187587 257251
170 791.7 0.001114 024171 (24283 T18.31 185804 2576.46
175 #92.0 0.001121 021568 021680 740016 184008 258019
180 T2 2 LILL NNy Wb s s [.19405 TRZE 1HZ 182 Z5E3.T0
185 11827 LILLINWET 17295 (b1 TACH TEd0E [F. P ] Z5EH.98
190 12544 0141 L1553 (b1 5654 BOB. 17 178354 Z39{.01




TABLE B.1.7 | covaf e )

Saraeied Wrter
Enthalpy, klikg Emtropy, klkg-K

('Ch (kPa) by By by Sy Sig £
LI LI ] L) £501.35 25001.35 ] 8.1562 8. 1562
5 i R7T* R Fi=A 5T #5100 54 I 7R B UR 0 nAs7?
11k 1.Z2T6 41.49%9 4TI 75 2514974 L1510 B T4HE B.2007
15 1.706 6208 2465.93 2509 41 02245 B 5569 B.THIZ
20 2339 2304 245412 2548 08 020886 &3706 BBETI
25 3168 104.87 242,30 2547.17 L3673 &.1905 855749
| 4248 125,77 ZAZ0. 48 2554025 (b A6 ENEA B.4533
33 5.0 14 6. 66 ZA1R.H2 250528 (. 5052 T.HTE B.353)
4l T.384 167.54 ZA0H. T2 257428 L3724 75845 B.Z564
45 0,503 18842 2394 77 2543 149 [IERE T 7.5261 B 1847
50 12.350 208.31 238275 2502 08 07037 7.3725 80762
55 15.758 230,20 237066 0424 07679 78834 79012
11} 19.941 13111 FASH. AR hhlA 54 LE311 TANTHA T7.9095
[iE £33 T3 3621 SH1H.Z4 [ EYGE BHETS 7.830H
Tl 31149 a2 U6 Z333.85 HHH. =l (L9540 ELHINE T.7552
75 3858 j13.91 232137 283528 10154 ELGET0 76824
B0 47.30 33488 230877 543,64 1.0752 £.5369 7.6121
#5 57.83 355.88 209805 5193 11342 B4102 75444
ik T4 FTH. S ZEEI 1Y L iU 1. 1824 B 2REE T.4754)
a5 B4.55 3974 ZAT0IH SHER. 13 1. 250M} E.1H59 T.4158
(L1} 101.3 LR RN FesT.03 HETH.O5 1. 3(MHH ELMBD T.3548
105 120.8 44013 224370 2663.83 1.3620 50328 7.258
110 143.3 46127 223020 260147 1.4184 5 0202 72384
115 169.1 152 46 Z216.50 P i ] 14733 57100 T.18%2
120 1585 03649 M EL 2T, 30 1.5275 S0 7.1285
125 2321 224,496 Z1ER.50 AT15.448 1.5812 34962 T.0774
1300 271 b 28 Z174.16 e | 16343 3385 T.O264
135 3130 567.67 215050 27074 16889 5 0007 B.9777
140 361.3 580.11 2144.75 273387 1.7390 51908 B 9208
145 4154 G061 212085 2740.24 1.7006 S.0426 6.5432
150k 4759 EE2 1H Z104.26 g L 1.8417 4 IR0 B.E3TH
155 543.1 b33 K2 ZIER. 50 #7523 1. 8824 4.8010 B.TH3
160 H17.8 B75.53 ZIEE.55 2758.00 1. 9426 48T B.7501
185 7005 Ba732 206620 276353 1.9924 4.7153 B.7078
170 791.7 T18.20 248,50 2768.70 20418 46244 6.6863
175 L] 741.16 20a0 42 277358 20909 4.5347 66254
[E.01] 1oz 2 TE3E1L Z0014. 96 ATTHIE 21345 4 4461 B.3857
185 11E2.7 78536 188707 2TH2.A43 2 18TH 4. 35HE B.5464

15k 1254.4 BOT.H1 1478 TH XTHH. 37 2 2350 4274 630178




TABLE B.1.1  {eovmiimed)

Safrraied Wirler
Specilic Volume, m*/kg Internal Energy, k)/ky

Temp. Press Sal. Liguid Evap. Sal Vaper Sal. Liguid Evap. Sal. Vapor
rcy Fa) vy Fig ¥ iy [ [

195 1307.8 0,001 149 013990 014105 E2E 36 1764.43 2502.70
200 1553.8 0,001 156 012620 012736 BS0L64 1744.66 258520
205 1723.0 0,001 164 011405 011521 ET3.02 1724.49 2587 52
210 1906.3 0001173 10324 0.10441 BO5.51 170393 250044
215 2104.2 001181 08361 0.094 7% BIE1Z 16B2.84 2601.06
20 23178 0001190 08500 008619 SOLES 166149 260235
215 2547.7 0,001 199 0.07729 OLOTHAD 86372 1639.58 H603.30
230 270 0.001209 0.07037 007158 OBE T2 1617.17 H603 80
235 30641 001219 006415 00556 1004 8% 158424 60411
240 33442 0.001220 005853 0.05976 103514 1570.75 260395
245 J648.2 0001240 05344 0.05470 1056.64 1546 68 260357
250 34730 0001251 04857 005013 1080057 1522.00 260257
255 13519.5 0,001 263 004471 004508 1104.26 1486 66 H600.93
260 1686 0.001276 004093 004220 112837 1470.64 2500.01
265 SO81.3 0,001 289 003748 DLO3ETT 115272 144387 256,60
21 54047 001302 LLIEZES 005564 117733 1416.33 2593 66
275 SMLE hoo1317 003147 0.03279 120223 1387.84 2580.17
2R0 BA1LT 001332 D.0Z8EA 0.03017 122743 1358 66 258600
285 B0, 4 0.001348 002642 0.0eTIT 125208 1328.41 2581.38
200 T436.0 0,001 366 0.02420 002557 1278 89 1207.11 2575.90
205 TO0LE 0,001 384 002216 0.02354 1305.21 126467 256087
300 BSRL.O 0001404 D.02027 002167 1331.87 1230.99 236296
305 B20LE 001425 01852 0.01895 135822 1185.84 2555.16
310 0854 8 0001447 LTI 00135 138703 115837 254640
315 10547 0.001472 0.01539 001687 1415.44 1121.11 2536.55
320 11274 0,001 499 001399 001549 144455 108093 252548
325 12040 0.001528 001267 001420 1474.44 103857 251501
330 12845 0.0013461 001144 0.0 300 150524 205 64 24598.91
335 13604 001347 001027 0.0 156 1537.11 84577 2452 BH
30 14584 0.001638 000a 18 00000 157024 B2 246453
345 15525 0,001 685 000810 0009 TH 1605.01 3820 2443.30
350 16514 0.001740 000707 0.00881 164181 TT6.58 21830
355 17554 0.001807 000607 000787 168141 707.11 T3ER.52
360 18651 D001 &9 000505 0.00694 1725.19 626,20 235047
365 19807 002011 000358 0.0059% 177613 526.54 ZI0EET
370 21028 hOo2213 000271 0.00493 184384 3B4.60 ZIER53
3741 22089 0.003155 1] 0.00315 202058 ] 058




TABLE 819 | cowafimued)

Sarturated Wirier
Enthalpy, kVkg Entropy, kllkg K

Temp. Fress. Sal. Liquid Evap. Sal. Vapor Sal. Liquid Evap. Sal Vapar
Le) (kPa) b by by % Say 5

185 1347 8 B2 e 14954 9t ZTE0.98 ZUR3S 1 1863 B.4697
S0 155358 B3 A3 1940175 ZT95. 18 3308 4.1014 B.43E2
205 1723.0 7505 1921.00 ZT8H.03 2371 40072 6,551
210 1904.3 BOT.75 190073 2798 48 2 4247 1.9337 6.3584
215 210M.2 92061 1870.91 300,51 24713 1.8507 6.3221
w20 2317.8 4361 185851 ZRO2.12 25177 37683 6.2880
225 *547.7 b TT 1836 50 ZRO3.ZT £.5839 J 6263 62500
pusa | ) 2T .10 151585 ZHO3.95 el 36047 B.21448
235 JiEd 1 L1361 1759053 RO 13 26557 35233 6.1791]
240 13442 1057.31 176650 301 81 2 7015 54422 6.1434
M5 Jhd4.2 106121 1741.73 FROZ 85 kL | 33812 . 1083
250 3973.0 108534 1716.18 280152 2 7927 32802 6.0729
255 131495 11H.TE 1HE S g ZHIHZ 3 150Z B.0374
el JEEH.B 113435 IHEE 54 ZT9H.50 L HEIT 31181 B.00 018
2685 SlEL.3 115827 1634 .54 ZrE3.El ! ra! JU3HE 3.8681]
270 S404.7 1184.49 160516 2780 65 2 4750 2 9551 5.9301
275 59418 121005 1574.92 2784.97 30208 2 8730 58037
280 B411.7 1235.97 154355 277058 30667 2 7003 5.8570
285 LT 13E2 28 150097 ZITAET 2119 27069 3.8158
a1l T436.0 1288004 1477 .08 Zigh. 13 £ 1583 2 BELT 5.7RHZ1
295 o2 8 131627 1441.TH Z138.05 R L) 2537y 5. 7434
300 BSHLO 1344.01 140493 274894 32533 2 4511 5.7044
105 B201.8 137233 136636 TTIRTE 35000 2 3633 5.6642
310 856,65 140129 152597 2727.27 33402 2 2737 5.6229
il5 L1547 1435097 1285 48 ZT14.44 5 3UR1 2 1521 3.5803
320 11274 1461 45 1238 &4 Z700.08 4479 2 ERZ 3.3361
325 12040 JE-L! S 118113 2HE3.87 EAURTY 149913 3.4900
430 12845 1525.29 1140 56 266585 3.5508 1.8909 5.4418
135 13684 155698 108637 2645.35 6040 1.7863 5.5903
340 14586 1594.15 1027 86 262201 36503 16763 5.3356
35 15585 163117 A4 02 258518 £ 71649 1.5544 3.Z763
35l 16514 JEiy | T b1t K Z563.92 2 TTTH 1. 433568 3.2111
1535 17554 171513 L1350 Z55H. T2 EHAET 1.2851 3.1378
160 18651 176045 72052 2481.00 30146 1.1378 5.0525
185 19807 1815.96 605.44 242140 31HIBS 0.9487 4.9470
370 21028 1890.37 441.75 233212 41104 0.6868 4.7972
aril 2484 2008 2E LI a1 e L4207 L 4.4297




TABLEB.1.2

Saturated Water Pressure Entry
Specific Volume, m*/kg Internal Energy, k]/kg
Press. Temp. Sat. Liquid Evap. Sat. Vapor Sat. Liguid Evap. Sat. Vapor
(kPa) (°C) ¥r Ury ¥y iy sy uy
0.6113 0.01 0.001000 206.131 206.132 0 2375.3 2375.3
1 .98 0.001000 129.20702 129.20802 20.29 2355.69 2384.98
1.5 13.03 0.001001 87.97913 87.98013 54.70 2338.63 2393.32
2 17.50 0.001001 67.00285 67.00385 7347 2326.02 2399.48
2.5 21.08 0.001002 54.25285 54.25385 BB.AT 2315.93 2404.40
3 24.08 0.001003 45.66402 45.66502 101.03 2307.48 2408.51
4 28.96 0.001004 34.79915 34.80015 121.44 2293.73 241517
5 32.88 0.001005 28.19150 28.19251 137.79 2282.70 2420.49
7.5 40.29 0.001008 19.23674 19.23775 168.76 2261.74 2430.50
10 45.81 0.001010 14.67254 14.67355 191.79 2246.10 2437.89
15 53.97 0.001014 10.02117 10.02218 225.090 2222.83 2448.73
20 60.06 0.001017 7.64835 7.64937 251.35 2205.36 2456.71
25 64.97 0.001020 6.20322 6.20424 271.88 2191.21 2463.08
30 69.10 0.001022 5.22816 5.22018 280.18 2179.22 2468.40
40 75.87 0.001026 3.99243 3.99345 317.51 2159.49 2477.00
50 81.33 0.001030 3.23931 3.24034 34042 2143.43 2483.85
75 91.77 0.001037 2.21607 2.21711 304.29 2112.39 2496.67
100 99.62 0.001043 1.69296 1.69400 417.33 2088.72 2506.06
125 105.99 0.001048 1.37385 1.37490 444.16 2069.32 2513.48
150 111.37 0.001053 1.15828 1.15933 466.92 2052.72 2519.64
175 116.06 0.001057 1.00257 1.00363 486.78 2038.12 2524.90
200 120.23 0.001061 0.88467 0.88573 204.47 2025.02 2529.49
225 124.00 0.001064 0.79219 0.79325 52045 2013.10 2533.56
250 127.43 0.001067 0.71765 0.71871 535.08 2002.14 2537.21
275 130.60 0.001070 0.65624 0.65731 548.57 1991.95 2540.53
300 133.55 0.001073 0.60475 0.60582 561.13 1982.43 2543.55
325 136.30 0.001076 0.56093 0.56201 572.88 1973.46 2546.34
350 138.88 0.001079 052317 0.52425 583.03 1964.98 2548.92
375 141.32 0.001081 0.49029 0.49137 504.38 1956.93 2551.31
400 143.63 0.001084 0.46138 0.46246 604.29 1949.26 2553.55
450 147.93 0.001088 0.41289 0.41398 622.75 1934.87 2557.62
500 151.86 0.001093 0.37380 0.37489 630.66 1921.57 2561.23
550 155.48 0.001097 0.34159 0.34268 655.30 1909.17 2564.47
600 158.85 0.001101 0.31457 0.31567 669.88 1897.52 2567.40
650 162.01 0.001104 0.29158 0.29268 683.55 1886.51 2570.06
700 164.97 0.001108 0.27176 0.27286 606.43 1876.07 257249
750 167.77 0.001111 0.25449 0.25560 708.62 1866.11 2574.73
800 170.43 0.001115 0.23931 0.24043 720.20 1856.58 2576.79




TABLE B.1.2 (continued)

Saturated Water Pressure Entry
Enthalpy. kJ/’kg Entropy, k]/kg-K
Press. Temp. Sat. Liquid Evap. Sat. Vapor Sat. Liquid Evap. Sat. Vapor
{kpﬁ} [:C] by h."g hg 5r Srg 5
0.6113 0.01 0.00 2501.3 25013 0 9.1562 9.1562
1.0 6.98 29.29 2484.89 2514.18 0.1059 8.8697 8.9756
1.5 13.03 54.70 2470.59 252530 0.1956 8.6322 8.8278
2.0 17.50 73.47 2460.02 2533.49 0.2607 8.4629 8.7236
2.5 21.08 88.47 2451.56 2540.03 0.3120 8.3311 8.6431
3.0 24.08 101.03 2444 .47 2545.50 0.3545 8.2231 8.5775
4.0 28.96 121.44 2432.93 2554.37 0.4226 8.0520 8.4746
5.0 32.88 137.79 2423.66 2561.45 0.4763 7.9187 8.3950
1.5 40.29 168.77 2406.02 2574.79 0.5763 7.6751 8.2514
10 45.81 191.81 2392.82 2584.63 0.6492 7.5010 8.1501
15 53.97 22591 2373.14 2599.06 0.7548 7.2536 8.0084
20 60.06 251.38 2358.33 2609.70 0.8319 7.0766 7.9085
25 64.97 271.90 2346.29 2618.19 0.8930 6.9383 7.8313
30 69.10 289.21 2336.07 2625.28 0.9439 6.8247 7.7686
40 7287 317.55 2319.19 2636.74 1.0258 6.6441 7.6700
50 81.33 34047 2305.40 264587 1.0810 6.5029 7.2939
75 91.77 384.36 2278.59 2662.96 1.2129 6.2434 7.4563
100 99.62 417.44 2258.02 2675.46 1.3025 6.0568 7.3593
125 105.99 444.30 2241.05 2685.35 1.3739 5.9104 7.2843
150 111.37 467.08 2226.46 2693.54 1.4335 5.7897 7.2232
175 116.06 486.97 2213.57 2700.53 1.4848 5.6868 71717
200 120.23 504.68 2201.96 2706.63 1.5300 5.5970 T.1271
225 124.00 520.69 2191.35 2712.04 1.5705 5.5173 7.0878
250 127.43 535.34 2181.55 2716.89 1.6072 5.4455 7.0526
275 130.60 248.87 2172.42 2721.29 1.6407 5.3801 7.0208
300 133.55 561.45 2163.85 2725.30 1.6717 5.3201 6.9918
325 136.30 573.23 2155.76 2728.99 1.7005 5.2646 6.9651
350 138.88 584.31 2148.10 273240 1.7274 5.2130 6.9404
375 141.32 294.79 2140.79 2735.58 1.7527 5.1647 6.9174
400 143.63 604.73 2133.81 2738.53 1.7766 5.1193 6.8958
450 147.93 623.24 2120.67 274391 1.8206 5.0359 6.8565
500 151.86 640.21 2108.47 2748.67 1.8606 4.9606 6.8212
550 155.48 655.91 2097.04 2752.94 1.8972 4.8920 6.7892
600 158.85 670.54 2086.26 2756.80 1.9311 4.8289 6.7600
650 162.01 684.26 2076.04 2760.30 1.9627 4.7704 6.7330
700 164.97 697.20 2066.30 2763.50 1.9922 4.7158 6.7080
750 167.77 709.45 2056.98 2766.43 2.0199 4.6647 6.6846
800 170.43 721.10 2048.04 2769.13 2.0461 4.6166 6.6627




TABLE B.1.2 (continued)

Saturated Water Pressure Eniry

Specific Volume, m*/kg

Internal Energy, k]/’kg

Press. Temp. Sat. Liquid Evap. Sat. Vapor Sat. Liquid Evap. Sat. Vapor
(kPa) =C) ¥r Vig ¥e iy Uy uy
850 172.96 0.001118 0.22586 0.22698 731.25 1847.45 2578.69
900 175.38 0.001121 0.21385 0.21497 741.81 1838.65 2580.46
950 177.69 0.001124 0.20306 0.20419 751.94 1830.17 2582.11
1000 179.91 0.001127 0.19332 0.19444 761.67 1821.97 2583.64
1100 184.09 0.001133 0.17639 0.17753 780.08 1806.32 2586.40
1200 187.99 0.001139 0.16220 0.16333 T97.27 1791.55 2588.82
1300 191.64 0.001144 0.15011 0.15125 81342 1777.53 2590.95
1400 195.07 0.001149 0.13969 0.14084 B28.68 1764.15 2592.83
1500 198.32 0.001154 0.13062 0.13177 843.14 1751.3 2594.5
1750 205.76 0.001166 0.11232 0.11349 876.44 1721.39 2597.83
2000 212.42 0.001177 0.09845 0.09963 906.42 1693.84 2600.26
2250 218.45 0.001187 0.08756 0.08875 933.81 1668.18 2601.98
2500 223.99 0.001197 0.07878 0.07998 959.09 1644.04 2603.13
2750 229.12 0.001207 0.07154 0.07275 982.65 1621.16 2603.81
3000 233.90 0.001216 0.06546 0.06668 1004.76 1599.34 2604.10
3250 238.38 0.001226 0.06029 0.06152 1025.62 1578.43 2604.04
3500 242.60 0.001235 0.05583 0.05707 1045.41 1558.29 2603.70
4000 250.40 0.001252 0.04853 0.04978 1082.28 1519.99 2602.27
5000 263.99 0.001286 0.03815 0.03944 1147.78 1449.34 2597.12
6000 275.64 0.001319 0.03112 0.03244 1205.41 1384.27 2589.69
7000 285.88 0.001351 0.02602 0.02737 1257.51 1322.97 2580.48
8000 295.06 0.001384 0.02213 0.02352 1305.54 1264.25 2569.79
9000 303.40 0.001418 0.01907 0.02048 1350.47 1207.28 2557.75
10000 311.06 0.001452 0.01657 0.01803 1393.00 1151.40 2544.41
11000 318.15 0.001489 0.01450 0.01599 1433.68 1096.06 2529.74
12000 324.75 0.001527 0.01274 0.01426 1472.92 1040.76 2513.67
13000 330.93 0.001567 0.01121 0.01278 1511.09 984.99 2496.08
14000 336.75 0.001611 0.00987 0.01149 1548.53 928.23 2476.76
15000 342.24 0.001658 0.00868 0.01034 1585.58 869.85 2455.43
16000 347.43 0.001711 0.00760 0.00931 1622.63 809.07 2431.70
17000 352.37 0.001770 0.00659 0.00836 1660.16 744.80 2404.96
18000 357.06 0.001840 0.00565 0.00749 1698.86 675.42 2374.28
19000 361.54 0.001924 0.00473 0.00666 1739.87 598.18 2338.05
20000 365.81 0.002035 0.00380 0.00583 178547 507.58 2293.05
21000 369.89 0.002206 0.00275 0.00495 1841.97 388.74 2230.711
22000 373.80 0.002808 0.00072 0.00353 1973.16 108.24 2081.39
22089 374.14 0.003155 0 0.00315 2029.58 0 2029.58




TABLE B.1.2 | conaiimared )

Kainrbed Henier Pressarre Eofry
Enibalpy. kliky Emtrogy, kl/kg K
Press, Temp. Sal. Liguid Evagp. Sal. Vapor Sai. Liguid Evap. Sai. Vapar
(kPa) i"Ch by -ﬁ:; -ﬁ;.- 5y Sig L5
B3l 17296 TE2 2 R ETT1.63 2070 1.5711 GB.6421
Yol 175.38 T4 82 M312 27T 2,088 45280 66225
a7l 177.6489 T35 Ny HOEE 2TTH kS 21171 14869 &. &4
Liii] 17841 TE2.TH 201589 2TTRIOE 213584 A4478 . 3R
1100 184.09 TEL.3E 200034 2781 68 2111 4.3744 B.553%5
1200 187.93 TOH. G4 198519 2TR4 B2 2 2165 43067 65253
1300 1491.64 Bl4.91 197267 2THT .58 2254 12438 64953
1400 195.07 B30 20 195872 2TO0U0 2. 2H42 41.1850 & dEa
1501 198,32 B4 BT 1947_24 278215 23150 L WS G 4444
1750 205.78 BTH. AR 1917 85 2796.43 2 3851 40044 B.E805
2000 21242 0877 188074 2788.51 24473 18935 6. 3408
2250 21845 934848 1865.19 280167 25054 17848 6271
2500 23409 U2 0 184044 2R3 T 2.5548 1T0dE B.2574
273l por! I s 485497 1817.84 2RI RE 26018 3 6180 6, 2208
SO0 *33.490 1ios. 41 1785.73 2Hld_14 26434 15412 & 18E
3250 23838 100 60 177447 2R3 0T 2 BHEH I 4BHS B.1551
3500 242 60 1049.73 175570 2803.43 2 7852 34000 B.1252
4000 25040 1087 20 1714004 2801 38 2 THES 38747 .07 00
HIMOL HH3.99 115421 164012 2TU4_33 28301 1532 5.9733
GO #7564 1213552 1571 ETHA 33 30264 L BEES 3.8591
TOOL YH5. 85 126897 1505.10 2rTE T < A L] Al P d 3.8132
2111} 295.08 1316.61 1441.53 27571 32067 2 5365 5.7431
1] J03.40 136323 1376 B8 274211 32057 23915 56771
100010 311.08 1407.5% 1317.14 272487 3.3585 29545 5.6140
11O 31815 143015 1£535.55 270560 34294 21233 3.55%7
L2000 324.75 1491.24 114359 2HH4_HE 34881 1.4962 34023
15000 13093 1531 46 113078 Bhb_F 35604 1.B71E 34323
14000 336.75 157108 106847 263755 36251 1.7485 5.3718
15000 224 1610.45 1000004 2610049 3ERT 16250 5. 5097
1E000 T AL 16540100 230,54 2580.59 37480 14985 5.5
1700 33237 1550, 25 E56.04 2T 15 3.507H 13688 31778
1 &0 15706 1731.97 TTT.13 250804 38713 12330 5. 1044
1900 4154 1778 43 GHE11 2dibid_54 3.9387 1.=41 3.02I7
20000 36581 183618 583 54 240874 40157 a1z 4. 82E
21000 360989 18E8. 30 44642 233412 41073 DE242 4. B15
22000 37380 3402 12404 215807 A.3307 01817 4580

220EN 3114 208425 o 2R e 4.4287 0 4.4287




TABLE B.1.3

Superheated Vapor Water
Temp. v i h 5 v i h 5
¢0) ke  (Jke) (kg (IkeK)  (miky)  (Jke) (kg (kkegK)
P =10 kPa (45.81°C) P=1>50kPa (81.33°C)
Sat. 14.67355 2437.89 2584.63 8.1501 3.24034 2483.85 264587 7.5939
50 14.86920 2443.87 2592.56 8.1749 — — — —

100 17.19561 2515.50 2687.46 8.4479 3.41833 2511.61 2682.52 7.6947
150 19.51251 25387.86 2782.99 B.6881 3.88037 25385.61 2780.08 7.9400
200 21.82507 2661.27 2879.52 8.9037 4.35595 2659.85 28T7.64 8.1579
250 24.13559 2735.95 2977.31 9.1002 4.82045 2734.97 2975.99 8.3555
300 26.44508 2812.06 3076.51 9.2812 5.28301 2811.33 3075.52 8.5372
400 31.06252 2968.89 3279.51 9.6076 6.20029 2968.43 3278.89 8.8641
500 35.67896 3132.26 3489.05 9.8977 7.13364 3131.94 3488.62 9.1545
600 40.29488 3302.45 3705.40 10.1608 8.05748 3302.22 3705.10 94177
700 44.91052 3479.63 3928.73 10.4028 8.08104 3479.45 392851 9.6599
800 49.52599 3663.84 4159.10 10.6281 9.90444 3663.70 4158.92 9.8852
900 54.14137 3855.03 4396.44 10.8395 10.82773 3854.91 4396.30 10.0967

1000 58.75669 4053.01 4640.58 11.0392 11.75097 4052.91 4640.46 10.2964

1100 63.37T198 425747 4891.19 11.2287 12.67418 4257.37 4891.08 10.4858

1200 67.98724 4467.91 5147.78 11.4090 13.59737 4467.82 5147.69 10.6662

1300 72.60250 4683.68 5409.70 14.5810 14.52054 4683.58 5409.61 10.8382

100 kPa (99.62°C) 200 kPa (120.23°C)

Sat. 1.69400 2506.06 2675.46 7.3593 0.88573 2529.49 2706.63 T.1271
150 1.93636 2582.75 2776.38 76133 0.95964 2576.87 2768.80 7.2795
200 217226 2658.05 2875.27 7.8342 1.08034 2654.39 2870.46 7.5066
250 2.40604 2733.73 2974.33 8.0332 1.19880 2731.22 2970.98 7.7085
300 2.63876 2810.41 3074.28 8.2157 1.31616 2808.55 3071.79 7.8926
400 3.10263 2967.85 3278.11 8.5434 1.54930 2966.69 3276.55 8.2217
500 3.56547 3131.54 3488.09 8.8341 1.78139 3130.75 3487.03 8.5132
600 4.02781 3301.94 3704.72 9.0975 2.01297 3301.36 3703.96 B.7769
700 4.48986 3479.24 3928.23 9.3398 2.24426 3478.81 3927.66 9.0194
800 4.95174 3663.53 4158.71 9.5652 247539 3663.19 4158.27 9.2450
900 5.41353 3854.77 4396.12 9.7767 2.70643 3854.49 4395.77 9.4565

1000 5.87526 4052.78 4640.31 9.9764 2.93740 4052.53 4640.01 9.6563

1100 6.33696 4257.25 4890.95 10.1658 3.16834 4257.01 4890.68 9.8458

1200 6.79863 4467.70 5147.56 10.3462 3.39927 4467.46 5147.32 10.0262

1300 7.26030 4683.47 5409.49 10.5182 3.63018 4683.23 5409.26 10.1982

300 kPa (133.55=C) 400 kPa (143.63=C)

Sat. 0.60582 25343.55 2725.30 6.9918 0.46246 2553.55 2738.53 6.8958
150 0.63388 2570.79 2760.95 T.0778 0.47084 2564.48 2752.82 6.9299
200 0.71629 2650.65 2865.54 7.3115 0.53422 2646.83 2860.51 7.1706




TABLEE.1.3 (comtimed)
Superficated Vapor Water

Temp. ¥ o fr 5 ¥ u i 5
O kg Wk kg kK (kg kg RJk)  (kkgK)
300 kPa (133.55°C) 400 kPa (143.63°C)

250 0.79636 272869 2067 .58 71.5165 059512 2726.11 206416 7.3788
300 0.B7529 2ZB0E.69 G828 T.7022 (L.65484 ZE04.81 306675 7.5661
400 1.03151 2065.53 JET408 8.0320 0.77262 264,36 EEYER Y] 7.EOE4
500 118665 3120.95 J4B5.96 B.3250 (1.58934 312815 J4B4.B0 81912
600 1.34136 3300.79 70320 B.5802 100555 30022 370244 B.4557
700 149573 347838 War.1o 88318 112147 347705 302653 B.GOET
200 164994 3662.85 415783 8.0575 123722 662,51 4157.40 BOZ44
200 1 B0M06 385420 4305 42 8.2681 135768 JB53.91 4305.06 8.1361

10400 105812 405227 463071 04680 146847 4052.02 463041 0.3360

1100 211214 425677 480041 06585 158404 4256.53 4BA0.15 §.5255

1200 2.26614 467,23 5147.07 0.8380 169458 4466.50 5146.83 0.7058

1300 242013 468299 5400.03 10,0109 LBI511 4GB2.TH 5408.80 0.ETEO

500 kPa (15 1.86°C) 600 kFa (158.85°C)

Sat. 0.37489 2561.23 ZT4R6T 68212 (L.31567 256740 275680 6.7600
200 042452 264291 ZBREAT 7.0602 (0.35202 263841 285012 6.0665
250 047436 ZT23.50 2960 68 T.2T08 (.39383 Z720.66 205716 7.1816
300 (.52256 ZB02.91 06420 7.4508 (43437 ZBOL.0D 30G1.63 7.3723
350 0.57012 2BB2.50 3167 65 7.6328 047424 ZBBL.12 316566 7.5463
400 061728 2063.19 327183 7.7937 051372 262,02 327025 7.7078
500 0.71093 312835 1483 82 BOBTZ 059199 3127556 J4B2.TH 8.0020
600 (.BM0G J200.64 IT0LET B8.3521 (.G6974 eraling 70081 8.2673
700 (.53691 47752 TasaT 86852 0L.74720 TT.08 302541 g.a1o7
800 (.08854 66217 415696 B.8211 (.B2450 3G61.83 4156.52 B.T367
900 L0827 385363 430471 8.0320 0.90169 JB53.34 4304 36 B.04B5

10400 117468 4051.76 4638.11 8.2328 0.07883 4051.51 4638.81 0.1484

1100 126718 425629 4ER0.ER 04224 1.05554 4256.06 480,61 0.3381

1200 1.25964 44566, 76 §146.58 0.6028 113302 4466.52 5146.34 0.5185

1300 145210 AGR2.52 540857 0.7740 121000 4GR2.28 5408.34 0.6506

800 kPa (170.43°C) 1000 kPa (179.91°C)

Sat. 0.24043 25T6.T9 276813 66627 019444 258364 ZTTR.08 6.5864
200 (. 26080 263061 283025 G.E158 (0.20596 2621.90 2B27 BB 6,683
250 0.29314 71546 240407 70384 0.23268 2709491 2042.50 6.0246
300 0.32411 £747.14 05643 T.2327 (.257594 2783.21 051,15 71228
350 0.35438 2BTB.16 J1G1.68 T7.4088 0.28247 ZB75.18 3157.65 7.3010
400 L3846 2058.66 26707 1.5715 0.30659 205720 326388 74650
500 1.44331 3125.95 J4BO60 T.8672 .35411 324 TR 71.7621
600 0.50134 1207.91 360038 B.1332 (40100 JE06.TH 36T BS 80280




TAELE B.1.3 (contimmed)

Superheated Vapor Water
Temp. v u & 5 ¥ o fi 5
€O kg kg kg WAgK) kg kg (kg (JkgK)
800 kPa (170.43°C) 1000 kPa {179.91°C)
700 0.56007 E 24T BI37TTD 044775 347535 623,14 82731
00 061813 66114 4155.65 B.6033 (.40432 JGE0.46 4154.TH B.4906
800 D.ETE10 IBRLTT 439365 E8153 (.54075 3852.19 439294 B7118

1000 0.73401 4051.00 4638.20 9.0153 0.58712 4050.4% 4637.60 o119

1100 0.79188 425057 4BEO.08 02048 (.62345 425509 4BEB.55 Q1016

1200 0.84074 4466056 514585 0.3854 (L6777 446558 S145.36 0.2821

1300 060758 468181 540787 95575 (.72608 468133 S407.41 0.4542

1200 kPa (187.98°C) 1400 kPa (195.07°C)

Sat. 0.16333 25BRA2 2TB4.82 6.5233 (14034 255283 2750.00 64652
200 016930 251274 2B15.90 65808 (.14302 2603.009 280332 6.4975
250 0.19235 2704.20 24335.01 68293 (16350 260832 202722 6.746T
00 021382 278n.22 3045.80 10316 018228 27EL.16 040,35 6.9533
350 023452 287216 315359 T.2120 (.20026 2869.12 31458.489 7.1358
400 0_Z5480 2954.90 326066 1.3173 021780 2952.50 3257 42 7.3025
500 020463 a2z 4TE.28 T.6758 0.25215 KN L] EEYERY T.6026
600 0.33393 J246.60 68632 T.0434 (28556 320444 JGH4.TH T.8710
700 037284 MT4.48 mz20 £ 1881 0.31947 MTIEL J0Z0.ET B1160
200 0.41177 IGEATT 4153.90 E4l40 (.35281 J650.00 4153.03 £.3431
800 0.45051 385162 4192.23 6272 (L3BG0G 3851.05 4301.53 B.5555

1000 048019 045,98 4637.00 BBIT4 0.41924 404847 4636.41 B.7558

1100 0.52783 425461 4BER.0Z 20171 (45235 4254.14 4BET 48 B.0456

1200 0.56646 446,12 S144.8T 0.1977 (.48552 446465 al44.38 Q1262

1300 0.60507 4GB0.8EG 540695 03608 (.51864 46E0.35 S406.45 0.2983

1600 kPa (200.40)=C) 1800 kPa (207.15-C)

Sat. 0.12380 25095.95 270402 64217 011042 250838 2757.13 6.3753
250 0.14184 26092.26 2818.20 6.6732 o12497 2686.02 2010.96 66066
00 0.15862 278103 303483 68844 (.14021 277683 021 6.8226
350 017456 ZB66.05 314535 T.0643 0.15457 2862 95 14118 700
400 0.19005 2950.00 24T 1.2373 (. 16847 2947 66 JE50.590 7.1793
500 0.22029 lln4T 3471093 T.5380 0.18550 1784 34508.75 T.4B24
600 0.24098 3327 3693.23 T.80E0 022199 32210 JGH1.60 T.7523
700 027937 MTETA 1873 E.0535 (24818 JMTLET 301859 T.0983
800 0.3085% JGHEA0 4152.15 B.2808 027420 J65T.71 415027 B.2258
800 033772 335047 439082 E.4934 (.20012 3845.90 430,11 B.4386

1000 03667 A04B8.96 4635.81 £.6938 (.325598 4048.45 4635.21 B.6300

1100 0.39581 425366 4BBE.95 E.883T 035180 4251.18 4EBG.42 B.8200

1200 0.42482 4464.18 514380 00642 037761 4463.71 5143.40 0.0056

1300 045382 4679.92 S406.02 9.2364 (40340 4679.44 5405.56 1817




TABLE B.1.3 | eonfirusd )

Superbeaied Fapor Waer
Temp. ¥ o ] 5 ¥ i ] 5
(") (g (edkgh Tl ikegy (klkg-K) (o g (kg g klkg-K)
2000 kPa (212.42°C) 2500 kPa (223 08°C)

Sal. CLFHE S Sh00. 26 278,51 B340 QLT HIE Ml 13 280307 B.2574
50 011144 HHT9.58 200F A5 B.5452 LT HEEZ. 55 2ER0LE G.4lE4d
&0 OL1ES4T 277254 J0E3 50 6. Th6S L LFIHEHE 2Th1. 54 300 R &.6437
350 L1385 2H50.81 3136.06 60562 010976 SH51.84 AzE . ha02
400 015120 M045.21 324760 7.1270 OL12010 03905 33008 70047
450 016353 A030.41 335748 T.2844 13014 302543 335077 T.1745
300 L7548 3116230 JHT.55 74318 L1358 J112.08 32 T.3233
&0 0L LGy 3200.93 IEU014 T.TUES R J2HT. 5 JEHE 13 T.5460
TLO OLFE3ES JAT0.54 391743 T.1ET L1785 Jbs. =l 3914.58 T.BA35
&0 024668 AH57.03 A150.40 B.1764 19716 365530 A148.20 B.0720
a0 027004 AH49.33 A3H0.40 B.3805 L2 1550 3R47 80 AIRT 84 B.2853

1000 029333 404794 AE34.61 B&.500d0 L3458 AlE. &7 63312 B.AB60

1100 L3165 41252.71 AR5 B9 B.THIM L2532 1250.52 ABHL5T B.HTH]

1200 03308 4483 25 514202 LR 27185 146208 51470 E.H5HY

1500 ikt d67=. 597 540510 81328 L ME 167750 540345 20w

3000 kPa (233.90°C) A0 kPa (250.40°C)

Sal. LGGE 2HM. 10 2804.14 .1864 O4O7H Hh0E. 27 2801.38 @070

Z50 LIFFSE 2H44.00 2855 TS B.2RT] — — _ —
S0 AR E 2750.05 ESUE A8 B5.5384 L(h5HHE *TE5.33 E2860.HS G.AHL4
350 T 2H43.64 3115.25 6.7427 LGS ER2E.BS A00EA3 5820
400 T 32 75 3230 82 68211 07341 19,88 321351 B, TE8Y
450 010787 020,58 334.00 70833 U003 010,13 333023 60362
00 L1161 3107592 35648 T.2337 RS R 8844 344521 T FHH]
&0 013243 J2H5.03 IERE 34 T.510H4 [L{HIHKG J279.04 IETA T.3HHH
TLO L1 4B3E J4ba. 34 JALTE 7.7a371 L1 1MI5 G2, 15 390384 T.H14H
&0 016414 JH53.58 A14E.00 T 0862 L1228y JH50.11 4141.59 78502
a0 0.1 TH80 AHAB. 48 ABH5 BT B.1904 013469 384354 4382 3 B.47

1000 019541 A045.40 AG31.63 E.4004 L 14645 A0z &7 AG2E 65 B.1661

1100 L2 10FE 250,33 ABRE G 2.5411 15817 124794 ABHILES 84564

LZ00 OLFEESY 460,52 5140L48 E.TT1Y L1GUET 145860 S13E.07 EH3TH

1300 IS FAlLi AHTE.63 S0ZE1 .04z L18156 L LirL s 400,52 &.Hil




TABLE B.1.7 {cowmtinmed')

Superoaled Vipor Haker
Temp. ¥ ir & ® ¥ ir & E
) (m* k) Tt g klkg) (k) /kg-K) (m* kgl Tkt g klkg k) kg-K)
S ka (363 09°C) G000 kP (275.684°C)

S, 03044 2712 79433 30733 lE244 238568 78433 S.REU1
Sk U552 2eUT7_ ZHZA.53 b e ISE DG 2RHT_RE ZHEA. 1Y b7 &
350 (L5154 280867 JER.3Y B.d44492 (223 2THEHI RIS B.3334
A0 005781 20906 58 3195.64 boB458 D473 2802 R1 5777 65407
LET] 0ESE0 200864 331615 b_B185 005214 20HE B0 30176 [
500 U0ER5T 00002 343376 64758 u058E5 3082 20 qzi e G_RB02
550 T IER JIBLRZ 3550023 11217 ie101 J1TAST 354082 TAKEHT
Ll UOTHEY JETE Sheb A7 T.454E 525 35HE RS Sh5H. A0 11676
Ll (=R 44 ST HT 300013 T.5122 07352 35515 JRO 2R 74234
Al unag11 364662 4137.17 77440 [TIES =] 364312 413274 76566
By 10762 3E40.T1 43TH.R2 70503 DUOEISE 3E3T R4 4375.20 T_R72T

Ui 11707 404035 462560 B1E12 U097 44 4037 B3 462274 BO751

11MHE (L1 2648 424561 4HTR.02 B.3518 (.10538 4243 26 487542 L

LI 13587 4456530 5135.87 B.5330 11321 4454000 13528 BA4TE

134Hk (145248 467196 539824 B.T055 12108 A6H5.64 3385.97 B.G1499

B0 kFa (205.06°C) 10000 kPa (31 1.08°C)

Sail. unE352 258078 275704 5.7431 1803 254411 ZT2A6T 56140
JUHb 0Z428 230043 ZTEL. U8 3. THl3 — — — —
daly (985 2TT.HT ZHET.30 . 1300 D242 268016 ZHZ339 a2
ik IS KT 2BHETS S13H.28 b 3633 2641 2EIE A8 S96. 46 b.2118
450 003817 206G 66 3271.00 B.5550 0U02aTS 2043 52 S240083 G4189
500 04175 3064.30 3308 27 b.T239 bun32Ta 304577 3373683 B.5965
550 004514 3150078 3521.00 bGBTTE 003564 314454 3500092 G761
Ll U04K45 3E54.43 Shd2 03 TS (SR ET 324168 ShZ5.34 b B2
FLL L5481 44400 JHELAT T.2812 L4538 IILTE JHT0.52 T.1687
Ll UOe0eT 3608 412384 75173 L4854 JE2E U7 4114.91 74077
00 06T 02 383208 436826 7.7350 005344 3E2E 52 436124 ThET2

LI 07301 4032 R1 4616.87 70384 Du05RER 4027 1 4611.04 78315

1100 0LOTESE 423860 487025 B.1Z09 nue312 423307 ABES. 14 BUE36

120k IEdEY 444845 F1Z8.54 B 3113 & TEY EEE L 312384 B 4054

130Hb L] ABH5 02 3391.46 B84z DOTEES ABH04 380699 H.3THI




TABLE B.1.3 [ countinueg)

Superheaied Fapor Haer
Temip. ¥ ] & 5 ¥ I & 5
'Ch o hegh (kW kg) (elikg) (klkg-K) o g ik kg) (el kg (kg K)
15000 kPa (342 24°C) 20000 kPa (365.81°C)

Sal. IRIIEIST 243543 261044 33007 L0583 Z283.05 2409.74 4.8264
&a0 oL 147 2530 36 2EUZ 41 34440 — — — —
400 CLU 585 ZT40. 70 287544 3.8810 Liohad 2019.22 2B1ENT 35334
450 G ES ERTOAT 315615 61403 QoL 270 ZHOE.16 08004 50114
500 LOE0ED Hog.52 3308 53 B.3442 il E 4282 3IE 18 B&.1400
550 oiE2as 3471 SHE 61 B.5108 QL0 656 B0E2.3 333 45 6.3347
&0 oLiz4a1 J208.64 J3HE 30 B.6775 LOIBLE S174.00 333757 &.50H%
&0 OLIZGED 30037 ITIE 32 GB.H2E3 it i BN 3E75.32 B HSHE
Tl OLOEZRE] 3410.94 JEA0L1E B.05TE ozins S38H.46 SEla A 6. 7943
B0 oLoE210 61090 400243 70040 QL0385 358273 A0H9_RD T.0544
B0 LiE54E aH11.50 43T TAETH 0645 Irarda AERE AT T.2830

1000 DLOERTS 401541 4506 63 TH347 oLOZRaT 400312 4582 45 74925

110a LD 4222 55 AEB5Z.54 T.H2HE L3145 421130 ASd04 T.HETA

1200 OLM5ES I3 TR SIEET B0 3381 44ZE Bl CR LR T.HTIM

1300 LIRS 44002 537304 1834 L3636 4637.95 S3H3.10 2.1

20000 kPa A0 kMa

i OLOD1THD 1737.75 179143 30303 oLna1E41 1677.00 1T4ET1 3.a2e0
40 OLOOETHO AT 34 21501M 44728 L0180 185452 1530083 4.10134
45 OLOO530 2435.06 2el41T 31503 LOE53E HI9H 53 219811 45048
450 OLOOHT 35 21930 2BZ1.35 34423 LOD3EYE Z3e5.07 23121 4.44549
500 OLOORETS EHET 08103 57004 OLO5E2E 2HTH.36 2903 24 5.46094
550 Lo106S H70.51 357504 G052 QLD GaRA ZHED.ED 314805 5.7784
GO0 011446 310053 3443m B.2330 CLDDOROS WE2El kT [t G113
&30 RIS 2221.04 J3UE 03 B8.4057 L OOY0 64 S134.04 J3E0L5H B.2054
T LN 3E6ED 333584 ITA36T .56 oYaqE FEEI63 JEH1_M &5.3751
&l Ll 5EEE 3535.60 A0E4 31 B.H33E win1sEs S517.84 SETE R B, bbb
a0 017448 ITER. 4B 411,93 717 L 2963 IR 425703 60150

1000 (TR EE HT8.TH 4554 68 71867 oD a3d 5464 4527 54 7.1354

1100 L0 41E0.18 4B1E.28 TAB4S5 oL 5643 416738 4Ta3.08 7.3364
1200 OLIZE5HS 440128 SO7E.UT 7 .bdl G840 438011 SO057.72 T.524
1300 IR Ll i1 4615 96 53305 T.HA3E gza 45594 FH 532345 6464




TABLEE.1.4

Compressed Ligurd Water
Temp. ¥ u hi 5 ¥ o fi 5
(0 kg kg (Jky  kJksK)  (m'hg  (kikg (kg (JkgK)
500 kPa (151 B6=C) 2000 kPa (212.42=C)
Sat. (L001083 630.66 640.21 1 .BGOG 0.001177 006,42 O08.77 24473
.ol (L000EE9 0.01 04l 0.0000 (0.0009949 0.03 203 0.0001
20 (.o01002 B34l B4.41 0_2065 (.001001 8382 8582 2962
10 (L001008 16747 167.98 0.5722 0001007 167.29 168.20 5716
60 0L.001017 251.00 251.51 0.8308 0.001016 250.73 25277 8300
a0 (L001029 1473 33524 1.0748 0.001028 33438 336.44 L0730
100 0L001043 418.80 41932 13065 0.001043 418.36 42045 13053
120 (LO010G60 50337 503.90 15273 0.0010549 S02.84 504.96 15258
140 (L0100 FEB.66 SEB.20 1.7380 0.0010749 SHE.02 500,18 L7373
160 — — — — 0001101 674.14 GT6.34 L9410
180 — — — — 0001127 T61.46 763.71 21382
200 — — — — 0.001156 350,30 Bh2.61 23301
5000 kFa (263.95C) 10000 kPa (311.06=C)
Sat (L001 286 1147.78 1154.21 25201 (.001452 1393.00 1407 .53 33585
] (LOND0EEE 0.03 5.02 0.0001 0.000995 010 10.05 0.0003
20 (L001000 B3.64 BE.G4 0.2855 (0.000947 8135 8332 0.2845
10 (LO01006 166.93 171.85 0.5705 0.001003 166.33 176.36 0.5685
60 0L.001015 250.21 255.28 0.5284 (.001013 248.34 260,47 0.8258
a0 QL00102T 133.69 33883 10718 0.001025 3256 34281 LOGET
100 (L001041 417.50 42271 13030 (0.001034 416.09 426.48 129492
120 (LO01058 S01.79 S07.07 15232 0001055 SM.07 510.61 L5188
140 0L.001077 5BG.T4 592.13 1.7342 0.001074 SB4.67 505.40 L7291
160 (L001089 67261 678.10 18374 0.001195 670.11 GE1.07 1.9316
180 0001124 T58.62 T65.24 21341 0.001120 T56.63 TG7.83 21274
200 (L1153 E48.08 853.35 23254 0.001148 344,45 BL5.07 EI1TE
220 (L.001187 3843 944.36 25128 0.o01181 934.07 045 88 25038
240 (L001 226 1031.34 1037 47 26078 00012149 1025.94 1038.13 26872
260 0L.001275 1127.92 1134.30 2 BR20 0.001265 1121.03 1133.68 28658
280 0001322 1220.90 1234.11 10547
300 0.001387 132834 134231 1.24G8




TABLEE.1.4 (comtimmed)

Compressed Liguad Water
Temp. ¥ u fi 5 ¥ o & Ej
¢ kg kg kg kg kg KAk Kk (KkgK)
15000 kPa (342.24°C) 20000 kFPa (365 81°C)
Sat. 0001658 1585.58 1610.45 36847 0.002035 1785.47 1826.18 4.0137
0 0.000943 0.15 15.04 0.0004 000050 0.20 20,00 0.0004
20 0.000955 8105 97.97 0234 0.00053% 8275 102.61 0.2522
40 0.001001 165.73 180.75 0.5665 0.0005534 165.15 185.14 0.5646
60 0.001011 24E.49 263.65 0.8231 0.001008 2166 267.82 0.8205
&0 0.001022 13146 346.79 1.D655 0.001020 330.38 350.78 1.0623
1080 0001036 41472 430.26 1.2054 0.001034 13137 434.04 12017
120 0001052 498.39 514.17 1.5144 0.001050 496.75 517.74 1.5101
140 0.001071 GHEGH 598.70 1.7241 0.001068 SB0.67 G02.03 17182
160 0.001092 667.69 GR4.07 1.6258 0.00108% 665.34 GET.11 1.5203
180 0001116 753.74 T70.48 2.1:208 0001112 750.94 773.18 21146
200 0.001143 841.04 B58.18 2.3103 0.00113% 831.70 BG0.47 23031
20 0001175 924,89 047 .52 2.4052 0.001164% 925.89 049,27 24860
240 0001211 1020.82 1038.99 26770 0.001205 1015.54 1040.04 26673
260 0001255 1114.58 1133.41 2.B5T5 0.001246 1108.53 1133.45 28450
280 0.001308 121247 1232.09 30302 0.001287 1204.69 123062 30248
300 0.001377 1316.58 1337.23 3.2258 0.001360 1306.10 1333.29 3.2071
3z 0.001472 1431.05 1453.13 34246 0.001444 1415.66 144453 3.3078
340 0001631 1567 42 159188 36545 0.001568 1530.64 1571.01 36074
360 0.001823 170278 1739.23 3.ETTO
30000 kPa 0000 kPa
0 0.0004586 0.25 2982 0.0001 0.00047 T 0.20 4903 —0.0014
20 0.00058% 8216 111.82 0.ZE38 0.000580 80.93 130.00 0.ZB47
40 0000955 164.01 193.87 0.5606 0.000987 161.84 211.20 0.5526
60 0001004 24603 276.16 0.E153 0.000536 242.96 202.77 0.8051
&0 0.001016 B8 35875 1.0561 0.001007 343 374.68 1.04308
100 0.001029 410.76 441.63 1.Z844 0.001020 405.86 45687 1.2703
120 0.001044 493.58 52401 L5017 0.001035 487.63 539.37 1.4857
140 0.001062 ST6.86 G08.73 L7097 0.001052 56076 622.33 1.6915
160 0001082 GE0LE] 693.27 1.5005 0.001070 652.39 T05.01 1.EE0
180 0001105 745.57 77871 2.1024 0.001081 T35.68 T40.24 20793
200 0,001 130 831.34 B65.24 2.2802 0.001115 415.73 B75.46 2.2634
220 0001159 918.32 853.09 24710 0.001141 904.67 861.71 24419
240 0.001 152 1006.84 1042 G0 26480 0.001170 994,69 1045.20 26158
260 0001230 1097.38 1134.29 28242 0.001203 1078.06 1138.23 2.TRE0
280 0001275 1190.69 1228.06 2 DOB5 0.001242 1167.19 1229.26 20536
a0 0.001330 187.89 132780 31740 0.001286 1258.66 132285 3.1200
320 0007400 135064 1432 53 3.3538 0.00133% 1353.23 142017 3.ZBET
340 0.001452 1501.71 1546.47 3.5425 0.001403 1451.91 1522.07 34556
360 0.001627 1626.57 1675.36 37452 0.001484 1555.97 1630.16 3.6200

380 0001869 1781.35 1837.43 4.0010 0001588 1667.13 1T46.54 3.8100




TABLE B.5.1

Saiwrsvied K-134a
Specific Volume, m” g Imtermal Emergy, kg
Teap. Press. Sal. Liguid Evap. Sai. Vaper Sal. Liguid Evap. Sal. Vaper
"C)h {kPa) ¥y Fig ¥y iy by iy

=Tl B3 (LOOETS 197207 1.97274 11446 218.74 33850
—h5 11.7 .O00ET 142915 142083 123,18 217.7d 340.54
— b 16.3 LO0EEd 105184 105568 12752 2168.19 AT
—55 ] 0000680 (. TRE04 0. TEGTH 13236 214.14 A46.50
—50 k! 01.000695 (L50587 050657 137.60 21171 349.31
—i5 F0.8 0.000701 LASTHI 045853 143.15 208.99 35215
—dil 518 (L OIOT O 35625 0. 35646 14895 206.05 355.00
—3a Gh.H 0000715 . 2Bd51 0.2R122 15483 22 53 357.548
— 310 5.1 (L.O0o7E: 2330 OE2q02 161 14957 360, T3
—6.3 101.3 0.000728 18947 0. 19020 165.73 16716 Ah2.E0
—i5 107.2 0.0007 30 L17957 0. 18030 16730 106.31 36361
-0 1337 0.0007 38 14574 0. 14640 173,65 102 85 S66.50
—15 1&5.1 (L0744 11952 O 207 180T 18932 645
=10 1) ) (L0735 s S 001 18657 183.70 ITEET
-5 it L L0074 [LOH1R] O.OE25T 19314 1HZ.01 37515
0 294.0 0.000773 L0652 006815 19977 178.24 ATH.01
5 35009 0.000783 05755 005833 0648 174.38 AH0.E5
10 115.8 0.000794 (L4564 0.04045 21325 17042 3H3ET
15 4805 (1. DOOROS [0 133 004213 2010 166,35 3HH.45
Hl 5T H LI 3524 0. 03606 22T 03 16218 360,19
3 Lk 3 (LOMIOEEY 315 0. 03048 34U 153783 301.87
30 770 0.000843 02587 02671 24114 153.34 30448
35 B&ETH 0.000857 o224 02310 B34 14868 307.02
40 170 0.000873 01915 0. 2002 #5565 143.81 304146
15 1102 (L DOES L1650 0.0173 Hha s 138.71 AT
5l 131H.1 LU R LN Fr 0.o151% 63 133.35 A5
33 1491.4 (LI ES O1E24 001316 ZTH.33 127 64 AlH.01
(1] 16818 0.000951 L1051 001146 FHE19 12164 40785
(%] 1HE0.9 0.00097E (L0054 000997 .24 115.22 Al 44
70 2117.0 0.001005 00765 0. DOBGE 202_51 nne.27 A10.78
73 igd.d (L0 IS L iHmEAS 0.7 4 F11.06a 10, 54 411.74
Hall 26338 0.00107E LR 0. 00645 S10.0a B2 24 412,22
] ZHEh.2 (LOOI1ES (LS T 00015510 X0 35 HE.&T A12.01
0 s 0.001195 00341 0.00461 E30.51 TL24 410.75
05 3581.5 0.001297 00243 000373 35117 56.25 407 42
100 30732 0.001557 (00108 000264 BhB.55 28.19 S0 74
112 dled.0 L0 149Ed ] Duay I8 0T o 36297




TABLE B5.1 f cont i)
Saturated B-1343
Enthalpy, ki'kg Entropy, kIk-K
Temp. Pres. Sat. Liguid Evap. Sai. Vapor Sal. Liguid Evap. Sal. Vapar
(o (kPa) by by by s Hrg 35

— Tl B3 11947 23515 E54 62 [EEd S 1.1575 15230
—B5 1.7 1Z3.18 Z34.55 E57.73 [LHEES 1.1264 1.8054
—Gly 16.3 1£7.53 Z33.33 BHOBH .7O31 1.IMAT 1.797H
—55 228 13257 23163 64,00 072586 L0618 17874
—50 299 13762 220 54 367.18 07483 10286 17780
—15 306 143.18 22714 370,52 07740 044956 1.7685
= ! 51LH 148 98 Z24.50 R E .71 0.2 1. 7830
—35 HELH 15498 Z21.67 FTE.H4 EZ4S 0.4350E 1.7553
— 30 Bil 15112 Z1H b= FT0.R0 LE R 0.E0d 1.7483
—26.3 1018 165 80 216,36 W2 16 086590 06763 1.7453
-5 107.2 167.38 215.57 IRF 95 OHTS4 08687 1.7441
—20 1337 173.74 21234 608 09007 05388 1.7385
—15 1H5.0 180 1% 080 ERE_ M) [L9Z5E 0. B 1.7354
— 1l 2007 186,72 H5.56 iz iH 9507 07812 173149
-5 Z44.5 193 32 HEE 5.4 9T55 0.7534 1.7T2ER
0 2040 200,00 19836 308 96 10000 0.7262 1.7262
5 350.9 206.75 194.57 401,52 10243 06945 1.72%0
10 4158 21358 190.85 404.23 10485 0.6733 L7218
15 488.5 230 49 15658 40707 10725 0.EdTS 17200
|} 3TER 2ET AN 1R 35 40984 1 (1963 023 1.7T1E3
£5 BHE. 3 23450 1778 41251 1.1:301 05967 1.71E8
10 7710 241.79 1731 41508 1.1437 05718 1.715%
35 BH7.6 249.10 16842 417.52 11673 0.5485 1.71%0
40 1017.0 254 .54 16328 418,82 1. 1909 05214 17123
45 10602 ded 11 157 B 421 84 12145 04962 17106
3l 13181 27183 152 08 423 81 12381 0470 1.70ER
35 14916 T 145803 42565 12619 04447 1.7k
60 16818 98770 13933 127.13 12857 0.4182 L7040
85 18850.9 206 019 152.21 128,50 1.5009 0.3910 17008
70 2117.0 30464 124,47 12811 13343 0.3627 LEa70
Ta 23644 313.51 1158 42845 1.3548% 03330 1.B0ES
=l 2E33 6 3ZETH 1640 428149 13849 03013 1.EREE
E5 2828 2 332 85 45.45 42810 14117 0.266S 1.E7EE
al) 3245 34338 82 51 125.70 14404 0.2267 LE671
a5 35915 955 83 64,98 120,81 14733 0.1765 LE458
100 38732 374.74 32.47 407.21 15228 00870 1605
101.2 ADG4 390 98 ] s 15658 o 1.5658




TABLE B.5.2

Superheaied B-1 34
Temp. ¥ i b E ¥ i & E
rc) ) kg Wy WK ik Wk Wy WAgK)
50 kPa (—40LETC) 100 kPa (—28.54°C)
Sal. (. 3HERY 354,81 3730e 1. 7E28 (18257 FHE.T3 SH10s 1.7456
=20 (L AS0T H6E 5T FHE HZ 1.BZTH (b THEEL H6T. 30 SHT XX 1.76H5
=10 AZEEE 37553 Je. b 1.B3HZ 20765 374,51 527 1.7978
(1] 43021 ZHZ &3 40459 1.B=7E 21652 Z81.76 403 41 18281
1 45608 389 90 41270 18170 22527 Zaa.14 41167 18578
20 bAT2ET 07 52 420 06 1.1:458 23302 S0 64 ARG 18249
1] L 4BY5H 4. 50 42838 1.4738 242540 431 428 56 1.9155
4l 523 41ZE.64 437 06 d0017 25101 41Z 12 d3T 22 18436
5lb (52 2H4 42055 6.0 Pl | et d (25048 42008 A 18712
L] 53941 128 63 45560 205463 26701 4285 45409 18885
T 0.55505 438,54 464 66 20E31 27831 438.47 484.10 20255
.l 57247 445,24 AT1EE 2. 1irE D2B468 44450 473 58 20621
b1 (L. 5HHM 453,82 4H3 21358 L2030 453.47 4HETE 207E4
100k I IELE | 46253 4492 Kl 21817 30135 4621 492 35 21044
11k 2 18 47141 250 2187 (L 30AET 47111 SE T £ 1301
120 B3RS AR0.44 51238 R b31787 4RO 14 51166 21555
130 buE54T ARELE3 52237 20378 032626 AR9.34 52108 21207
150 kFa (—17.29-C}) 200 kFa (—10.22-C)
S, 131349 ShE.0H THTTT 17372 (b, DEWOH2 ITZN5 215 1. 7320
-1l (b 134002 ETEEE 3R 1. Tedi (1013 3TE31 I 1. 7328
(1] [ B k) ER0.85 40z 19 1.mai7 10501 Fma ELILIE!)] 17647
1 14828 EHE.54 41060 1820 b.10a74 387.55 40850 17958
20 015424 30558 41811 1.8515 011434 30527 41815 18258
il (16411 1. 71 2T TE 1.B=04 (L 118ESH LS. 10 A BT 18548
Al (k. 1HSHE 411.58 43647 1 _HOHE 12335 411.04 433,71 1.B&E36
5l 17168 41960 445,35 1. 893467 L1277H 41811 444 68 189117
L] 17740 427.76 45437 18642 013213 427.31 45374 183404
T 18308 435,08 463 5% 10813 D.13646 435,65 di2 05 1 ki
1] O.1BHTA 4452 ATERS 2180 14074 444.14 47250 18835
L1 1837 45513 42 UR el e L (14504 452.78 48179 2000
101 (b THAEA 46150 4H1_BS I ) I (14950 {154 49142 2E1
11k (L2554 4 T0LE] bl iR 15355 47054 2 20720
120 021117 4T0EY 31054 21218 015777 47058 510.1% 20978
130 21675 489,08 521.60 21470 16184 4RE.E1 5211 21228

140 31 485 45 531,40 2170 O 166M0 48514 53143 21478




TABLE 052 (eowafimued)

Superhedaied £-1Fla
Temp. ¥ o & 5 ¥ o & 5
i"Ch [ g ek klkg-K) (o legh el kg ek klkg-K)
300 kPa (0056 C) A0 kPa (B84°C)

Sal. LETET ITH.33 .50 1.7254 a136 J83.0¢ 403,54 1.TEE3
11} noFLn 8584 40717 17564 s 16H 8388 AMLES 1.7261
20 T4l J93.E0 41612 1.7THT4 G436 k1 rfd s 413.57 17564
30 07 TER 401.81 42510 18175 Lis693 ADlA5 4231 1.7805
1] LOE0TS A0 90 43412 1.B468 iS40 AT 432 48 1L.B105
50 LiEise A18.00 44313 1.8755 LIE1E1 417.03 441.75 LB4HT
&l =S 43638 45244 154035 oedly 4Z5.44 45110 LBITE
Tl =lEz 455 461.7H 1.4311 LGk H 453.85 AHll.55 1.44051
&l o2y 44337 47121 1.4582 LDGERTT 442 58 AT 14325
Bl a5 T 45207 4RI TH 1.9850 oo7ioe 451.54 479,75 1.9505

100 OLIERE]L AE0.90 A0 48 20113 07325 ABl 22 489 52 15860

110 010150 ABIET 5052 20373 07547 AE9.24 40443 Zolie

1l 10437 4TH.98 31030 el | LOFTaey ATHAD S0 46 Z15H1

13 L1o7Es 4BH.26 320.43 ZEHS LT HES AE7.6Y 319.63 |k

14 L1 N00E 497 .66 3364 Z.1134 s 49713 229.54 ZEHY

150 oinag 507.22 541.00 21385 LOEd1E 506.71 54058 21134

160 011575 516.91 551.64 21631 LiE63 51643 55097 21384

5060 KPa (15068 C) G KPR (21.52°C)

Sal. M1Z6 JEh.E2 A7 A5 17144 42 390.01 41068 1714

20 M2Z6 39052 41165 1.7342 — — — —
30 LM A46 39890 421 22 1.7663 OLOE6ROH 397.44 419,00 1.7461
1] LM G5E 407 .44 430 72 1771 LOETaE 406.11 A28 EH L.7iT
50 LMASH 41591 44030 L.BZ70 o374 414.75 438,54 1.BOHA
&l Lalas 4Z4.44 44472 185641 145 4Z3.41 44828 1.3
Tl ia247 453.06 454920 1.8843 MEn 45213 457.548 18664
&l G435 44177 46454 1.910 A7 440.93 467 TH 1.B8dT
Bl LIS620 45050 ATH.EY 19302 LG22 449 82 47761 192

100 SR04 45853 4BH 55 104660 LM TER A58 B 48755 1040

110 iS85 AEH G0 408 52 10424 L3 46794 408754 1.9758

1l 1G4 ATI.TH 0,61 ZIN1E4 a5 47718 .75 Z1M19

L& IR E 48713 31883 2140 a246 4855 318.03 22Ty

14t G318 459458 34414 b4 L5396 48H.05 32843 2532

150 G694 50820 53467 2 1HM5 Lis544 505.60 53895 20784

160 (LDGREN 515895 55014 21163 is6a2 515.46 549,61 21033

170 LTS 52583 561.04 21438 LSRG 525.56 564040 2.12T




TABLE B.5.2 {comiioued')

Kuperbeaied B-134
Temp. ¥ o b % ¥ o & %
-y [FTgti ) kg kW kg el kg-K) [ kg) kg kg elkg-K)
200 k'a (31.30°C) 1000 kPa (39037°C)

S, L0257 H05.15 415.72 17150 LI &8 1d 41854 17125
40 L0711 403107 424 BE 1. T4dE LI b 209,74 42085 1. 7148
54 [LOEE] 41223 435.11 1.TTHE [LO2TRS 408,34 43124 17444
Liti] 3002 AdLE0 A5 22 1_HOTE i1 0] 418.78 44189 17818
Tl 003137 430,17 45527 18373 fuoz424 A28.05 45234 18127
Bl 03268 438,17 AH5.31 1_HE6Z o254 44750 AHZ.T0 18425
1) (03304 44822 475,48 1_H943 LT 446.53 47303 18713

1) (LO3518 457.35 4H3.50 18218 (02T 54 453.82 43 A6 1.8

110 LLIRE TR A {66, 5H 4570 1_H4HT (LO2E5H 465,14 4057 [ e it

140 003758 AT5.m2 501509 1.6753 o954 ATd.E2 50417 16637

130 03ETE AH5.37 516.38 20014 03053 ABA. 16 51468 16801

14 fuoian2 A48 SPEBE 20271 fuos150 40581 52530 & 0061

154 (04 10T M. B4 337.50 2 SES 03244 .57 3602 S E

164 (04221 F14.44 B XS L ITTS LO333H 31344 B R d a0

170 (04334 S 42 58008 Pl PR (03431 5344 LT Pl rn]

1HD 4444 53451 STOU0S 21268 03523 53380 SHE B3 & 1067

1200 kPa (46.31°C) 1400 kPa (52.42°C)

Sal. [LO1ETE 40237 42248 1710 hio1414 4. 58 42478 17T

ol 01724 4. 15 26 R 1. TE37 — — — —
il LLIIELE 4 16.08 13821 17384 01 50 413503 1L340E 1760
ri ] 01953 42574 4018 17808 01608 42330 4572 17704
O 02055 44527 45002 18217 001704 44300 AGE 1_HO2E
1] io21sl 444.74 47055 18514 L] g 44283 AHT705 18333

L 02244 15450 4113 1_B& [LO1ETH 452.5 4788 1 _BEES

110 02333 16371 44170 1_H0K1 [LO1958 46217 488,58 18914

140 LIS A 47327 02 31 14354 (Li003H 4T1.E7 Hi03s 19192

130 02504 AHZ.81 51207 10621 o211 AH1.E3 511.19 10483

140 02587 40265 52370 10884 02184 A6 52205 1.6730

150 o664 50248 534,51 243 bozzs8 500.37 53208 1t

164 (02750 1243 543 Pl 6511 LIRS 311.34 388 Pl | et |

170 (L0289 542540 5644 Al ) (02384 5#1.51 35510 Pl |

184l (LT Skt 6H 787 2 EE L2468 331.73 630 20752




