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MANUIN N

Microstructure Analysis

A. Volume fraction of pores by systematic point count

Make a grid (squares) on a sheet of clear plastic. The grid should be large enough so that

it somewhere else on the photograph iLwhen you do this. Keep repeating this,
measuring as many fresh area €0 Unt 40 ) poinits ha NREEn sampled. For example, with a
16-point grid, you would ha . However, I do have limited

micrographs for you so make

Calculation : The number & , ; the total number of points

sampled = P; the volume fracti®

-
f A
il do 0 ',T pores in your specimen, this
il | |

!
method works for any seco d hase as long as it occurs as discrete regxons randomly distributed

e YN T
R DAL .

between grain boundaries as given by randomly positioned lines drawn across an image of the

Note : Although you wil

structure, such as a photomicrograph. Prepare photomicrographs of at least three different areas of
the specimen. There should be no more than 20 grains along any line which is 75 mm long drawn
on the picture. Select the magnification to meet this criterion. Draw at least five thin straight lines

across each photomicrograph. These lines should have random positions and orientations, and



60

each should be at least 75 mm long. The total length of all lines on each micrograph should
exceed 375 mm, and at least 100 grains should be intersected.

Measure each line to the nearest millimeter, and calculate the total length (1()- Count the
number of intersections (n,) of the lines with grain boundaries. Each intersection of a line with
triple points is counted as 1.5 intersections. If a line intersects a large pore, count this as one

intersection. Measure the total length of ling that crosses large pores (1 ). If a line runs along a

AU INENTNYING
ARIANIHUR NS
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MANUIN U

Hardness Measurement

a a A =1 1 < ’
mmuﬂa( hardness) ARANUAIUMYE mswa;ﬂtmuwmﬁmn PIAUNANDNITANNIDU

”“““““‘“ﬁuﬂ'mwswa'ln'ﬁ
Wﬁiﬁé&fﬁ LT Tata kL g )

aaﬂmmsmm S?JUﬁiJN’di.,'H’J'NN’TJGIﬂﬂUﬂ’Jﬂﬂ L nﬁmw"lumuaunaunﬂﬂﬂ Lﬂﬂl‘ﬂui’]iﬂﬂ

07173 (impression) A3auTafiduda duaas Bluusnadusia Tugﬂ‘w 2 Mntuiariayes

79UNA(a) AI3UN 3 eI
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Table A-12

(v. m’/kg; u, ki/kg: h, ki/kg; s, k1/(kg K); 1 bar

lvinp.

Propertics of saturated water: Temperature table

0.1 MPa)

Specitic Volume lotesves Foeres
Presva Nat. i Sat. i Sat. Sat.
b Liguid | Vapor | Liquid  Vaper
/2 v, - 107 I 1 uy .7 ;
= H
Giown || 1.uoa 2y 2T ! [ERRK ~H¥3A |
HELIRYI PNk ) RET e } 1677 L 23809 |
SRR E LMK P B2 Jou St |
IR TR LR |2 E T dw Mmag ’
A T
| . | Mg
Lo PRRE T
A Y
- T
i
s R
P e
Tk o R e
CURGEET 1 ) T
i 50 2 PR EIN B
Aty
2 X1
1 5P T 2
La s | PiKe2d
(REHALT S e
R 0 i A
Us b REY 5 ) ¥ B S
"
57 M Forelt

i s
HLOTYRS
¥} n)ﬂ)i\_’;'!
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1
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v

FEnthalpy
Sat; Nl
Liguid Evap. Vapor
h. L h, f
—UA2 2501 2send | 0.0001 3 1565
RIS | 29919 1 25087 | 00610 | 90514
G L lmde | IS0 00761 | 90287
e ]’ DI04, I | 90001
e 1 3 ‘ 22 ! §.050)
i1 " SEIE L s } N
B e I L ‘} N.RTAS
o ek ‘ D T
W7 ZeEs k| anpunr giRons
o l 2SR
2L R R ! D225 | wiwig

6.5
14X0.70

1~

Tdea 3
e
1INELN

2480+

|

1230y

0 AGsy

iR
RN
01304
U307
(L4644
(4781
04917
0.5188
115458
(1.5725
(.6387T

Na§aT
S 0672
8 6450
56229
L6011
S STng
3.5580
B.SA07

S.5156




Yable A-12 (Continued)

Specitic Volume Internal Energy Enthalpy Entropy
Temp.. Press., SaL Sat I Sat | Sat Sat. Sat. Sat '__Tm.‘
" bars Liquid Y abor Laquid Vapor ' Liquid Evap. Vapor Liquid Vapor
T r v < 10 v by a Bk Ity hyg 5 5
50 A235 | 10121 | 1203 209.32 | 2335 | 20933 | 23827 | 25921 | 7038 | 8076
55 1576 1.0146 9.568 23021 | 2450.1 230.23 | 2370.7 | 2600.9 7679 | 7.99'3
6i) 1994 1.0172 7.671 25111 2456.6 251.13 | 23585 | 26096 8312 | 7.90%
65 2503 1.0199 6.197 27202 | 2463.1 272.06 | 2346.2 | 2618.3 8935 | 7830
7 g ! 10228 5.042 29295 | 2469.6 29298 | 23338 | 26268 9549 | 77583
75 3858 1.0259 4131 % 31390 | 24759 | 31393 | 23214 | 26353 | 10158 7.6824
%0 4739 1.0291 3.407 33491 | 23088 | 26437 | 1.0753 | 7617
38 5743 10323 2824 22960 | 26519 | 11343 | 7.544<
9 i 014 10360 2361 2283.2 | 26601 1.192¢ T
s I K455 RO 3Z03 ¢ 36651 1.2508 | 74ise
i 1093 | noas ol 207610 L 309 73S0
130 1331 T 6915 | 14185 2wt
i ks o 27063 1 1276 |7 1aga
0 | 97 272058 i 6344 | 70269
10 TU | 27339 17391 | 690
150 4758 1 1L.090s ! 27465 | 18418 0.8370
160 6478 | 11 | 27551 ! L9927 | 67502
170 7917 1. D 27687 | 20419 6.6663
180 10.02 l L 27782 ] 21396 | 6.5857
190 12.54 I 27864 | 2.2359 | 65079
w0 | o1ssa 2 2330 | ea
0 06| S 24248 | 635gs
220 2318 o D056 @ : O TSNS | 280201, 25178 6.8
230 27.95 l 12 .07, P i :":, :ggl | 18138 "“"“f’ 26099 i 02146
240 33.44 | 1.2291 0.05976 '¥.1033 2803.8 | 2.7015 | 6.1437
250 3973 | 1251 005013 2108 “E‘? 2 | 28015 | 27927 | 6.0730
260 46.88 ; 1L . 52.3 2796.0 I 2.8838 | 6.0019
0 5499 il 37897 ! 29751 | 9301
280 6412 ' i 27796 | 20668 | 38571
264 ;7456 I 13659 ‘ 2766.2 31594 | 57T
i) ; 8581 i L3036 j DN2in T 5 1) TR | 32534 708
320 127 RS nu;u-n 1 4436 ¢ 25255 1 1461.5 2700.1 1 3480 - S.3362
320 1459 | 1e37e | Jion0) 1570.5 | 24040 15942 10279 26220 ! 3.6594 | 5.3357
360 186.5 ‘ 0 | 39147 | 5.0526
Va4 | 1209 E’a ,)E,] ﬁﬁ ’.Iﬂ M1 1 34208 | 44298
SCURCE | H Keenan F G keves ® G Hill ard ., 3 *oore fm Tohies,” ‘Wiiay, N . 1GAD

ammﬂimum'aﬂmaﬂ
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Table A~13 Properties of saturated water: Pressure Table

(v, m’/kg: u,kl/kg: h, kl/kg; s, KJ/(kg-K); 1 bar = 0.1 MPa)

VVVVVVV ; .\'pcgiﬁc Volume Internai Encriy Enthalpy Entropy
Press., Temp.. Sat. Sat. { Sat. Sat. | Sal. . Sat Sat. Sat.
bars | °C Liquid Vapor  Liquid Vaper | Liquid  Evap.  Vapor | Liquid - Vaper

P T v % 107 v, T 1t iy hy he T
040 2896 10040 | 33800 12045 | 24152 | 12036 | 24329 | 25544 | 4226 84745
060 3606 | 10064 | 23739 IS1.53 | 24280 | 15133 | 24159 | 29674 | 5210 5 8330
080 4PST | 10084 | (8.0 I73.87 | 24322 | [73BR | 24031 | 25770 | 5926 ' 82287
0. 4581 } LOL2 | 14.674 (N g | 17183 | 23928 | 25847 | 6493 | 81502
0.20 K06 | 10172 7649 { 25140 | 23583 | 26097 | 8320 7.9085
030 | 6010 | 10223 | 5 200N és.:s 2336.0 | 26253 | 9439 | 7.7686
B30 | TS | 10288 3O < L i | 01100 | e | rgas | 76700
2,50 2133 | pono I ) - —| 21054 | 26359 | L owio ' 75939
1 é 8558 . Loy ; 22036 | 26538 | 11437 | 75320
) G G VR 2IRYA 20600 b AL PR : 7.4797
330 GlE 030 2740 | 26658 | 1.232% | 7.4346
N an 9.7 TR0 265.7 | 26709 | 1.2695 | 7.3949
100 99 63 j 10432 W 22580 | 26755 | 1.3026 | 23594
1 5G 14 | o108 2265 | 26936 | 1.4336 | 72232
00 1M ( | 0603 2019 | 27067 | 15301 | 7.0271
2500 128 | wen 2815 | 27169 | 16072 | 70527
300 1336 1 10732 21638 | 27253 | 16718 | 69919
T 1Ry 10786 j | 21481 | 27324 | 17275 | 6.9405
10 1436 10836 | 0.462 \ 2338 | 27386 | 17766 | 6.8959
450 | 1479 | 10882 0.4130 5325 T 123.25 | 21207 | 27439 | 18207 | 6.8565
SO0 | IS19 | 10926 | 03749 ) 2108.5 | 27487 | 1.8607 ‘ 6.8212
600 | 1539 L1006 0853 | 27568 | 19212 | 6.7600
0| 1650 1 103088 B8h 3 | 27635 | 19922 ; 6.7080
00 17na [i1ss N 276671 | 20462 | 66628
ERs) 175 3 [ 1282 A5 27739 | 10936 66226

AULINENINYINg

PMIAATUAMINYAE
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Table A-13 (Continued)

- l Specific Volume Internal Energy | Enthalpy Entropy
Press, | Temp. | Sat Sat. St | S Sat. Sat. | Sat. | Sat
bars | °C Liquid Vapor Liquid | Vapor | Liquid | Evap. Vapor | Liquid | Vapor

P T or X% 10° Uy iy a, hy hy, hy 5 5

oo 179.9 1127 0.1944 T6L68 | 25836 | 76281 | 20153 | 2778.1 | 2.1387 | 6.5863
15.0 198.3 1.1539 | 0.1318 843.16 | 2594.5 | R4484 | 19473 | 27922 | 23150 | 6.4448
200 2124 11767 * | 0.09963 906.44 | 26003 Y0879 | 18907 | 2799.5 | 24474 | 6.34(9
25.0 2240 11973 | 0.07998 959 26011 | 96211 | 18410 | 2803.1 | 2.5547 | 6255
300 2339 12165 | 0.06668 ! 10084 | 17957 | 28042 | 2.6457 | 6.186v
35.0 2426 1.2347 0§ i’ / 0498 | 17537 | 28034 | 27253 | 6.1253
00 ¢ 2504 12522 | QRO A 73| 17140 | 28014 | 27964 | 6.0701
450 2575 12692 fem g 29 | 16764 | 27983 | 2.8610 | 6.0199
S0.0 2640 1.2859 16401 | 27943 | 29202 | 59734
60.0 | 2756 | 13187 15710 | 27843 | 3.027 | 58892
o 2850 151 15050 | 27721 | 3.1211 | 58133
A0 Pt 1.2842 14413 | 2758.0 | 3.206% | 5.7432
90.0 303.4 14178 1378.9 | 2742.1 | 3.2850 | 56772
100, M1 1.4524 1317.1 | 27247 | 33596 | S6141
1) 382 4886 1255.5 | 2705.6 | 3.429¢ | 5.5527
120 32448 1.5267 11936 | 26849 | 34962 | 54924
130, RRUL 1.5671 . 11307 | 2662.2 | 3.5606 | 5.4323
Lans WX | 16107 | 10665 | 26376 | 3632 | 53717
50, E7 s 1 6581 1000.0 | 26105 | 356848 | 5.3098
IR0, 1 3474 1.7107 930.6 | 2580.6 | 3.7461 | 5.2455
170. 3524 1.7702 856.9 | 25472 | 3.8079 | 5.1777
180. 357.1 77701 | 2509.1 | 3.8715 | 5.1044
190, 361.5 ——eies 11976 6880 | 24645 | 39338 | 5.0208
2043, 1533 5834 | 24097 | 10130 | 49260
sy | mis 0 | 20093 | 44298

e el o

ﬂUEl’JVIHVIﬁWEI']ﬂ?
ammnmummmaa
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Table A-14

70

(v, m*/kg; v, ki/kg; h, ki/kg; s.ki/kg K)

Properties of water: Superheated-vapor table

Temp., v [ “u | h s v u I i l s
°C 0.06 bar (0.006MPa) (T, = 36.16°C) | 0.35 bar (0.035MPa) (T, = 72.69°C)
C sa | 23739 24250 | 25674 | 83301 | 4525 24:30 | 26314 | 7.7158
80 | 27132 24873 | 2650.1 4.625 2483.7 | 26456 | 7.7564
120 | 30219 | 25447 25424 | 27231 | 7.9644
160 | 33.302 2602.7 2601.2 | 2800.6 | 8.1519
200 | 36.382 2661 .4 26604 | 2878.4 | 83237
2 39.462 2721% 27203 | 2956.8 | R.4828
280 | 42.540 27809 | 3036.0 | 8.6314
320 | 45618 316l | 87712
‘o0 |4 6o oo | YT 89034
HNp 51574 ool 1 AT L ggagl
0 | 54851 30232 | 33621 9.1490
00 | 59367 k G320 | 34888 93194
0.70 bar (0.0 10 MPa) (T = 9.63°C)
Sat. 2365 2394 2506.1 26755 ~S94
on | 2434 15067 | 26762 | 7.3614
20| 237 2539.7 28373 0 2716.6 | 74668
160 | 2.841 25978 | 2796.2 | 7.6597
200 | 3.108 2658.1 | 2875.3 | 7.8343
240 | 3374 _ 1:'_5 3.5 | 2954.5 | 7.9949
280 .| 3.640 927796 | 30342 | 8.1445
320 | 3.905 ! , 31146 | 8284y
w0 [ 4170 o ' 31965 | R.5R28 729022 | 31959 | 8.4175
0 | 443 Eonirse | 8 7088 R 3272 ! 85435
430 4.0¢ ; 8 ﬂ.ﬁ 33614 8.6636
500 | .0 (ﬂ?usas 89991 561 31516 | 34881 | 83342
RIEE bars (0.15 MPa) (T = 1137°C 36%ars (0 & J33.55°C)
Sat 11z 1 I"#’T %3 | 69019
120 333 | 27114 | 72093
160 | 1317 25952 | 2792.8 | 7.4665 | 0.651 25871 | 27823 | 7.1276
200 | 1444 26562 | 28729 | 76433 | 0716 2650.7 | 2865.5 | 7.3115
40| 1570 27172 | 29527 | 7.8052 | 0.781 2713.1 | 29473 | 7.4774
280 | 1.695 27786 | 30328 | 79555 | 0.844 27754 | 30286 | 7.6299
20 | 1819 28406 | IS | 80964 | 0907 2838.1 | 31101 | 7.7722
60 | 1543 29035 | 31950 | 82293 | 0969 ¢ 29014 | 3192.2 | 7.9061
400 | 2007 29673 | 32774 | 83555 | 1032 | 29656 | 32750 | 8.0330
40 | 210 0321 | 33607 | 84757 | 1.094 30306 | 3358.7 | 8.1
soo | 237 31312 | 3876 | Red6o | LI8T | 31300 | 34860 | 83251
6O 2.685 3301.7 | 3704.3 ; 8.9101 1341 2N | 37032 | 8.5892
' |
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Table A-14 (Continued)
Thsipi v | u J h l 5 v L ou ; h s
oC 5.9 bars (050 MPa) (T, = 151.86°C) | 7.0 burs (0.70 MPa) (Ty - 164.97°C)
Sat. | 03749 | 25612 | 27487 | 6.8213 | 02729 | 5725 | /635 | 6.7080
180 | 04045 | 26097 | 2812.0 | 69656 | 02847 | 25998 | 2799.1 | 6.7880
200 | 04249 | 26429 | 28554 | 70592 | 02999 | 26348 | 28448 | 6.8865
240 | 04646 | 27076 | 29396 | 72307 | 03292 | 27018 | 29322 | 7.0641
280 | 05034 | 27712 | 30229 | 73865 | 03574 | 27669 | 3017.1 | 7.2233
320 | 05416 | 28347 | 31056 L 75308 | 03852 | 28313 | 31009 | 73697
360 | 05796 | 28987 04126 | 28958 | 3184.7 | 7.5063
200 | 06173 0.4397 | 2960.9 | 32687 | 7.6350
240 | 06548 03667 | 30266 | 33533 | 77571
s00 | 07109 V131268 | 34817 79299
600 | 0Nl | 32985 3002 | 8 14s6
700 | 0.8968 W66 | 39248 | 8419

200

280
320

26396

2976 .4

01200 | 27364 6.6528
U,l.sus"'@ﬂm_q 3009.5 | Bledsa
04 | 7 2k 1
Bshed Qoo
olell | 30134 | 33855
17 11362 o 466 1
At
01996 | 32909 | 3690 1 i 77024
0.2091 | 33622 | 37804 | 7.8035
02232 | 34709 ' 19174 | 79387

0.0771
0.0850

o

0.1388
0.1484

i
i
i
{

p 25945 [ 279322 | Gisaes
250%. 1 27968 | 64540
2676.9 | 28993 | 6.6623
748.6 | 29927 | 638381
2817.1 | 30819 | 69938
28844 | 31692 | 7.1563
29513 | 32558 | 72690
3018.5 | 33425 | 7.3940
31203 | 34731 | 7.5698
3189.1 | 35609  7.6805
32939 | 3694.0 | 7.83¢
3648 | 17838 | 7.9391

(330 MPa) (T, = 23390°C)
= | 2604.1 | 2804.2 | 6.1869
2619.7 | 2824.3 | 6.2265
27006 | 29411 | 64460
2788 .4 33 6245
31387 | 6.7801

69212

7.0520

7.2338

7.3474

_ 7.5085

P 3357.0 | 377¢ 7.6106

; 3466.5} 07 | 27571



Table A-14 (Continued)

. -Tcmpn & u ' h j » \ e v u { I ! s
g 40 bars (4.0 MPa (T = 250.40°C) 60 bars (6.0 MPa) (T, = 275.64°C)
sai | 004978 | 26023 | 28014 | 60701 | 003249 | 25897 | 2345 | 5.8897
280 | 0.05546 . 26800 | 29018 | 62568 | 003217 | 26052 | 28042 | 59252

320 | 006199 | 27674 | 30154 | 64553 | 0.03876 | 27200 | 29526 | 6.1846
360 | 006788 | 28457 | 3117.2 | 66215 | 004331 | 28112 | 30711 | 63782

<400 | 007341 | 29199 | 32136 | 67690 | 004739 | 28629 | 31772 | 6.5408

440 | 007872 | 29922 | 3307.1 | 69041 | 005122 | 29700 ' 32773 | 6.6853

500 | 008643 | 30995 3445300 005665 | 30822 34222 | 68803
540 | 09145 | 31711 @015 1 3IS6 1 | 35170 6.9999
600 | 0.09885 | 3179, S | a6y } 36354 71677
od0 | 61037 | 351 Lo | 37526 22931
00 | Wil P REA | rATN
% | p.s7 i 39892 | 75190

80 bars 8.0 MP: ¢ \ 2 \H’.n(h. :{ll.(m'(.‘l
e | 002332 l 27247 | SAL4I
o | oozexa 37%: 3 | »7108
B GOSDNY 2 2962 66060
40 | 003332 | 3095 1 62120
10 | 003742 3213.2 | 6.3805
480 | 004034 33214 | 6.5282
520 | 0.04312 | £ 3085.6 | 3425.1 | 6.6622
560 | 0.04582 | 31787 | 31641 | 3526.0 | 6.7864
600 | 0.04845 32417 | 3625.3 | 69029
040 05102 330 37237 | 70131
:’uu J.05481 éﬁ::ER»%r—mm——l ' . 3870 ¢ 7_!6?7
790 | 005729 | 4R L 39681 | 7.2670

120 bars (12.0 MPa) (T,,, - 324 40 bars (140 MPal (T, = 33675°C)
Sat. | 0.01426 | 2513 % oxa 91 54924 | 001149 | 24768 | 26376 53717
60 | ool s TEPAY 2516.5 | 5.6602
00 012 ﬂ ’J ﬂ b W" i X NMGLG D 5948
80 nm‘ﬂz 25960 31787 0.255%6 G 0iusa 2> 4 61474
480 ] 002576 | 29844 | 32935 G a15e | 0oae 325 | 6 3143
.s":u'i] 78] fu }I % 3@ 87| 6.4610
s60 |g 002977 TU6.6840° | 0. 14860 | 65941
600 | 003164 | 32287 | 36083 68037 | 002683 | 32154 | 35011 | 67172
040 | 0.03345 | 33075 | 090 69104 | 002542 | 32960 | 3694.1 | 6832
700 | 003610 | 34252 | 38584 . 70749 | 003055 | 34157 | 38462 | 6.9930
740 | 0.037K1 | 35037 | 39574 ; 71746 | D0MIS 34952 | 39467 | 7.0052

{ [ e
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THERMODYNAMICS

Table A-14 (Continued)
S - v i u ] It [ s v I u l h l 5
°C 160 bars (160 MFay (T, — 347.44°C) | 180 bars (18.0 MPa) (T = 357.06°C)
Sat. | 000931 24317 | 25806 | 52455 | 0.00749 | 2374.3 | 2506.; | 5.104%
360 | 0.01105 | 25790 1 27158 | 54614 | 000809 | 24189 | 2564.5 | 5.1922
100 | 001426 | 27194 . 20476 | 58175 | 001190 | 2672.8 | 2887.0 | 5.6887
440 | 001652 | 2839.4 | 3103.7 ! 001414 | 2808.2 | 3062.8 | 5.9428
480 | 0.01842 | 29397 | 32344 29159 | 3203.2 | 6.1345
20 | . 002013 | 30311 | 3011.8 | 3378.0 | 6.2960
se0 | T 0.02172 | 31178 | 398 3101.7 | 3444.4 | 64302
b0 | 002323 | 3201 Smm—— 3188.0 | 3555.6 | 6.569
640 | 00247 | 32K 36636 | 6.6905
700 0.02674 | 3300 38215 | 6.8380
TG 002808 | 34867 39250 ) 69623
M vidl B o
200 bars (20,4 (24.0 MPa)
St 0 0ues s 1 2293 5
00 ooy 2 .8 | 26394 | 5.2393
e | oy W14 S 6506
150 | 001399 21023 | 58950
520 | 001551 32485 | 6.0842
560 | 0.01689 3379.0 | 6.2448
600 | 001818 3500.7 | 6.3875
640 | 0.01940 3616.7 | 6.5174
700 |, 002113 37838 | 6.6947
740 0.02224 3892.1 | 6.8038
800 | 0.02385 {-35% 40516 | 6.9567
N ) bars (32.0 MPa)
400 | 000383 | 22235 0.00236 | 1980.4 | 2055.9 | 4.3239
440 ogﬂ Iﬁ wg 25080 g 2683.01 | °5.2327
480 : S sk 33949.1 5.5968
s20 | o m«q 200k ¥ 0.00853 | 2860.7 | 31317 | 54357
AT RV ~(]n7 008863 | 2979.0 | 32 | 6.0246
04Q !{‘L]x \q Wlﬂﬁf @:i 61858
“"“J 0.01338 © 3210 5 0’01 2.5 6.3290
700 | 001473 | 33461 | 37584 | 6.6029 | 001273 | 33254 | 37328 | 6.5203
730 | 001558 | 34339 38700 | 67153 | 001350 | 34159 | 3847.8 | 6.6361
SO0 0.01680 ! A3 4033 6.8720 0.01460 | 3548.0 | 4015.1 | 6.7966
o0 | 001873 ' 3Tis | 42988 | 71084 001633 | 37627 | 4285.1 | 7.0372
I SQURCE } 1 Keenan, F G Keves. P G Hill, and ). G Moore, “Steam Tables,” Wiley, New York. 1965
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APPENDIX A-1

Table A-15

SCPPLEMENTARY TABLES AND FIGURES (S1 UNITS)

Properties of water: Compressed-liquid table

74

(v, m*/g; u, ki/kg; h, kd/ks; =, ki/(kgK))

o v = 1 l u l h ¥ v ¥ l u h s
¢ 13 bars (2.5 MPa) (223.99°C) 54 bars (5.0 MPa) (263.99°C)
20 10006 83.80 86.30 | 2961 | 4995 8365 8R.65 | 2956
40 10067 | 16725 | 16977 | S7T1S | 1.0056 | 16695 | 17197 | .S705
80 10280 | 33429 | 33686 | 1.0737 | 10268 | 33372 | 33885 | 1.0720
100 1.0423 | 41824 | 42085 | 13050 | 1.0410 | 41752 | 43272 | 13030
140 L0784 | 587.82 |58 7369 | L.UT68 | SK6.76 | 59215 | 1.7343
180 L1261 | 761 L1240 | 75963 | 765.2¢ | 21341
200 11558 1530 | 84411 8381 | 23255
220 11508 9384 Y444 | 2.5128
Sat 1.1973 11478 | 11542 29202
“\:\‘\\ 00 bars (10 MP) (311.06°C)
2 uay, 53.36 9333 | 29a¢
40 1.0045 166,35 | 17638 | 5686
80 10298 33259 | 34283 | 10688
100 10597 4602 | 4265 | 12992
140 107 58468 | 59542 | | 7292
10 | 11219 756.65 767 4 | 24275
220 11538 9341 | 92459 ' 25039
2600 1.2690 200 | 11337 | 2.5699
Sat. 1.3677 13930 | 14076 | 3.3596
200 bars (20 MPa) (365.81°C)
20 9050 9928 8277 | 10262 | 2923
40 I 6517 | 185.16 | 5646
80 14 MO 4 530,20 | 35080 | 1.0624
o | 1 '."*’5 ' ,‘_“‘ 1339 | 43406 | 1.2917
130 1070T 0678 580.69 | 602.04 | ' 7193
180 LIS 75376 | 77050 | 2.1210 | L120% 75095 | 77330 2.1147
20 | 11748 047.5 1.1693 9493 | 2.3870
260 ﬁ 1133.5 ) 28459
300 w lq EIy ﬁm m 13333 | 3207
Sat 1.6581 ' 15856 1mo< | 3.68%48 | 2036 | 17856 | 18263 | 40139
S = e )
% 9 2§ $4 | 2399
q 9971 | 16460 | 18952 | 626 [ 9951 164.04 | 19389 | 5607
100 LU313 | 41208 | 43785 | 12881 | 10290 | 410.78 | 44166 | 12844
200 L34 | 8345 8628 | 22961 | 11302 | 8314 865.3 | 2.2893
300 13442 | 12966 | 13302 | 31900 | 13304 | 12879 | 13278 | 31741
| _
SOURCE: | = Keenan, © 5 Kayes P G ddill ond J G Macre, “Steam Tadles. Wiey Blew Yna S49
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