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ELEMENTARY PRINCIPLES IN CHEMICAL ENGINEERING (BCE 1113)

QUESTION 1

(a) i.

Indicate is the S| unit for force?

Convert 2000 mm to meters.

Clarify is the difference between weight and mass?
Convert 5 kg to pounds.

Give the Sl unit for energy?

(b) A pound-force is the force required to accelerate a mass of 1 slug at a rate of 1
ft/s?, and a pound-mass is the mass that will experience an acceleration of 32.2
ft/s? when subjected to a force of 1 Ibf. Solve the following:

i.

Calculate the weight of a 65-pound-mass object on earth and on Mars,
where the acceleration due to gravity is 3.71 m/s?. »

A 10-pound-force is applied to a 5-pound-mass object. Estimate the
resulting acceleration of the object in ft/s??

(4 marks)

(4 marks)
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QUESTION 2

(a)

(b)

A slurry of silica particles in water flow through a pipe. To determine both the
flow rate and the composition of the slurry, a sample is collected in a
measuring cylinder for 2.5 minutes. The following data is collected:

Mass of empty cylinder: 45.0 g

Mass of cylinder + collected slurry: 47009

Volume collected: 300 ml

Mass of cylinder + dried solids: 89.0 g.

Find:

i The volumetric flow rate and mass flow rate of the slurry
i.  The density of the slurry
ii.  The mass fraction of silica in the slurry

A mixture is 15.0 mole % n-pentane (CsHi2), 25.0 mole % n-hexane (CeH1a),
and 60.0 mole % n-heptane (C7H1s). Solve the following:

i The mass fraction of each compound in the mixture.
i.  The average molecular weight of the mixture.
i. The mass (kg) of a sample containing 15.0 kmol of n-heptane.

(3 marks)
(3 marks)
(3 marks)

(3 marks)
(3 marks)
(3 marks)
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QUESTION 3

(a)

(b)

()

A chemical solution of hydrochloric acid (HCI) is contained in two separate
flasks. The first solution contains 15 wt% HCI, and the second solution contains
30 wt% HCI. If 300 g of the first solution is combined with 250 g of the second
solution, calculate the mass and composition of the resulting mixture. Sketch
the schematic diagram of the process.

A liquid mixture containing 45.0 mole % ethanol (E), 30.0 mole % water (W),
and 25.0 mole % isopropyl alcohol (I) is fed to a distillation column. The bottoms
product contains 98.0 mole % W and no E, and 97.0% of the E in the feed is
recovered in the overhead product. The overhead product is fed to a second
column. The overhead product from the second column contains 90.0% of the
I in the feed to this column. The composition of this stream is 60.0 mole % | and
the balance W.

i. Draw and label a flowchart of this process.
ii.  Show the molar ratio of the isopropyl alcohol at the overhead product of
the second column to the feed of the first column.

A mixture of propane (CsHs) and butane (C4H1o) is burned with air to produce
carbon dioxide (CO.), water (H20), and nitrogen (N2) according to the
following reaction:

CsHg + CsHqo + 130, — 8CO, + 9H-0 + N,

i.  Ifthe propane and butane mixture has a molar ratio of 2:1 and 10 kmol
of the mixture is burned with 60 kmol of air, compute the limiting
reactant and the theoretical yield of CO, in kmol.

ii. Ifthe actual yield of CO2 is 70% of the theoretical yield, show the
percent yield.

(10 marks)

(3 marks)
(7 marks)

(3 marks)

(4 marks)



CONFIDENTIAL

ELEMENTARY PRINCIPLES IN CHEMICAL ENGINEERING (BCE 1113)

QUESTION 4

(a)

(b)

()

(d)

Oxygen at 200K and 35 atm has a tabulated specific volume of 3.294 cm®g
and a specific internal energy of 1920 J/mol. Calculate the specific enthalpy of
Oz in this state.

A piston-cylinder device initially contains 0.5 kg of nitrogen gas at 200 kPa and
400 K. The piston is resting on stops, and the volume of the gas is 0.5 m®. Heat
is now added to the gas until the piston moves to the end of the cylinder and
the volume is 1 m®. The pressure inside the cylinder is maintained constant
during the process. The nitrogen gas can be assumed to behave as an ideal
gas with constant specific heat. Calculate:

I.  The final temperature of the gas
i.  The heat added to the gas.

Use the data in Table B.2 to solve the following:

i.  The heat capacity (C;) of liquid benzene at 40 °C
ii.  The heat capacity at constant pressure of benzene vapor at 40 °C
iil.  The heat capacity at constant pressure of solid carbon at 40 °C

Estimate the specific enthalpy of steam (kJ/kg) at 500 K and 20 bar relative to
steam at 300 K and 1 atm using:

i. Steam table

ii. Table B.2 and assuming ideal gas behavior

(4 marks)

(3 marks)
(2 marks)

(2 marks)
(2 marks)
(2 marks)

(2 marks)
(2 marks)
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QUESTION &

(a)

(b)

()

Determine the standard heat of reaction for the following reaction:

i, CO(g) + 1/202(g) — CO2(g)
ii. 2CO(g) + 02(g) — 2C0O2(g)

if the standard heat of reaction:

CO(g) + 1/204(g) — CO2(g) AH°r1 = -283.3 kJ/mol
For the reaction:

CHa(g) + 202(g) — CO2(g) + 2H20(l) AH = -891 kd/mol

If 10 moles of methane are combusted per second at constant pressure and
temperature of 25°C, calculate the rate of heat released in kJ/s.

The reaction between nitrogen and hydrogen to form ammonia can be
represented as follows:

Na(g) + 3H2(g) — 2NHs(g) AH¢ = -92.4 kJ/mol

The decomposition of ammonia into nitrogen and hydrogen can be represented
as follows:

2NHs(g) — N2(g) + 3H2(9) AH; = 180.6 kJ/mol

Using the above reactions and the heat of reaction values, determine the heat
of reaction for the following reaction:

N2(g) + 3H2(g) — 2NHs(g) AH =7

(4 marks)
(4 marks)

(4 marks)

(6 marks)
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APPENDIX

A. Factor for unit conversion

Quantity Equivalent Values

Mass lkg = 1000 g = 0.001 metric ton = 2.20462 Iby, = 35.27392 oz
11by = 160z = 5X 107 ton = 453593 g = 0.453593 kg
Length 1m = 100 cm = 1000 mm = 10° microns (um) = 10'° angstroms (A)

= 3937 in. = 3.2808 ft = 1.0936 yd = 0.0006214 mile
1ft = 12in. = 1/3yd = 0.3048 m = 30.48 cm

Volume 1m? = 1000L = 10 cm® = 10° mL
= 353145 ft® = 220.83 imperial gallons = 264.17 gal
= 1056.68 qt
12 = 1728in3 = 7.4805 gal = 0.028317 m* = 28.317L
= 28,317 cm®
Force 1IN = lkgm/s? = 10° dynes — 10° g-om/s® = 0.22481 Ib,

11b; = 32174 Ibg-ft/s? = 4.4482 N = 4.4482 X 10° dynes

Pressure 1atm = 1.01325 % 10° N/m? (Pa) = 101.325 kPa = 1.01325 bar

= 1.01325 x 10° dynes/cm?

= 760 mm Hg at 0°C (torr) = 10333 m H,0 at 4°C

= 14.696 Ibgfin.? (psi) = 33.9 ft H,0 at 4°C

= 29.921 in. Hg at 0°C

Energy 1J=1Nm = 10" ergs = 107 dyne-cm

= 2778 X 10~7 kW-h = 023901 cal

= 07376 ft-lhy = 0.486 X 1074 Riu

Power 1{W = 1J/s = 0.23901 calls = 0.7376 ft-lbe/s = 9.486 X 10”4 Btu/s
= 1341 X 107 hp

T . (22046
Example: The factor to convert grams 10 lby is ( 2————4—21 00;‘ ;b“’ )

4

B. Atomic w;ight of atom:
C=12 g/mol H=1 g/mol O=16 g/mol N=14 g/mol CI=35.5 g/mol

End of questions
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642 Appendix B

Table B.5 Properties of Saturated Steam: Temperature Table”

V(m®/kg) U(kJ/kg) H(kl/kg)

T(°C) P(bar) Water Steam Water Steam Water Evaporation Steam
0.01 0.00611 0.001000 206.2 zero 23756 +0.0 2501.6 2501.6
2 0.00705 0.001000 179.9 84 23783 8.4 2496.8 2505.2
4 0.00813 0.001000 157.3 168 2381.1 168 2492.1 2508.9
6 0.00935 0.001000 137.8 252 23838 252 24874 2512.6
8 0.01072 0.001000 121.0 336 23866 33.6 2482.6 2516.2

10 0.01227 0.001000 106.4 42.0 23893 420 24779 2519.9
12 0.01401 0.001000 93.8 504 23921 504 24732 2523.6
14 0.01597 0.001001 82.9 588 23948 588 2468.5 25272
16 0.01817 0.001001 73.4 671 23976 671 2463.8 25309
18 0.02062 0.001001 65.1 75.5 24003 755 2459.0 2534.3
20 0.0234 0.001002 57.8 83.9 24030 839 2454.3 25382
22 0.0264 0.001002 51.5 922 24058 922 2449.6 2541.8
24 0.0298  0.001003 45.9 100.6 2408.5 100.6 24449 2545.5
25 0.0317 0.001003 43.4 104.8 24099 104.8 24425 25473
26 0.0336  0.001003 41.0 1089 24112 1089 2440.2 2549.1
28 0.0378  0.001004 36.7 1173 24140 1173 24354 2552.7
30 0.0424  0.001004 329 125.7 24167 1257 2430.7 2556.4
32 0.0475 0.001005 296 1340 24194 1340 2425.9 2560.0
34 0.0532  0.001006 26.6 1424 24221 1424 2421.2 2563.6
36 0.0594 0.001006 24.0 150.7 24248 1507 2416.4 2567.2
38 0.0662 0.001007 216 159.1 24275 1591 24117 2570.8
40 0.0738 0.001008 19.55 167.4 24302 1675 2406.9 2574.4
42 0.0820 0.001009 17.69 1758 124329 1758 2402.1 25719
44 0.0910 0001009 1604 1842 24356 1842 23973 2581.5
46 0.1009 0001010 14.56 1925 24383 1925 2392.5 2585.1
48 0.1116 0001011 1323 2009 24409 2009 2387.7 2588.6
50 0.1234 0001012 1205 2092 24436 2093 2382.9 2592.2
52 0.1361 0.001013 1098 217.7 2446 2177 2377 2595

54 0.1500 0001014 10.02 2260 2449 2260 2373 2599

56 0.1651  0.001015 9.158 2344 2451 2344 2368 2602

58 0.1815 0001016 8380 242.8 2454  242.8 2363 2606

60 0.1992 0001017  7.678 251.1 2456 2511 2358 2609

62 02184 0.001018  7.043 259.5 2459 2595 2353 2613

64 02391 0.001019 6468 2679 2461 2679 2348 2616

66 0.2615 0001020  5.947 2762 2464  276.2 2343 2619

68 0.2856 0.001022 5475 284.6 2467  284.6 2338 2623

“From R. W. Haywood, Thermodynamic Tables in SI (Metric) Units, Cambridge University Press,
London, 1968.V = specificvolume, 0 = specificinternal energy,and A = specific enthalpy. Note:
kJ/kg % 0.4303 = Btwlb,,.

(continued )
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Table B.5 (Continued)

V(m/kg) U(kJ/kg) H(kJ/kg)

T(°C) P(bar) Water Steam Water Steam Water Evaporation Steam

70 03117 0001023 5045 293.0 2469 293.0 2333 2626
72 03396 0001024 4.655 3014 2472 3014 2329 2630
74 03696 0001025 4299 3098 2474 309.8 2323 2633
76 04019 0001026 3975 3182 2476 318.2 2318 2636

78 04365 0001028 3.679 3264 2479 326.4 2313 2639
80 04736 0001029 3.408 3348 2482 334.9 2308 2643
82 05133 0001030 3.161 3432 2484 3433 2303 2646

84 05558 0.001032 2934 3516 2487 3517 2298 2650
86 06011 0001033 2727 360.0 2489 360.1 2293 2653
88  0.6495 0001034 2.536 3684 2491 368.5 2288 2656

90 07011 0.001036 2361 3769 2493 377.0 2282 2659
92 07560 0.001037 2200 3853 2496 385.4 2277 2662
94 08145 0001039 2.052 3937 2499 393.8 2272 2666
96 08767 0001040 1915 4021 2501 402.2 2267 2669
98 09429 0001042 1789 4106 2504 410.7 2262 2673

100 10131 0001044 1.673 4190 2507 419.1 2257 2676
102 1.0876 0.001045 1.566 427.1 2509 427.5 2251 2679




644 Appendix B

L'965C L9Lec 00cC 0'Lvie 00cc 6901 £10100°0 9¢s Y10

0'v6ST ¥08€C L'EIT 0shie LEIT Lyl €10100°0 T'18 1A NV
165C £P3eC 6'90¢ a4 g4 6'90C 9¢°ClI 101000 vev 1o
1"886¢ P88¢C L7661 SOvre L661 el 11010070 Ly 1o
8V8SC 6°26¢C 8161 0'8¢evC 8161 L9yl 0101000 8'Sy 01o
1'18SC 6'L6ET €81 1S % L4 €€81 0CT9t 600100°0 R34 0600
T'LLST Teove 6¢Ll £eve 6'ELl 0181 8001000 Sy 0800
9CLST 60vT 91 6'8¢vc P'egl €50 L00100°0 06t 0L0°0
§'L96T 091ve SISt 1seve SISl vL'ee 90010070 9¢ 0900
9196¢ 8'eCrc gLel 90Tve FLel 8¢ $00100°0 6ce 0s00
[4:1954 8T 0ot 1'81v¢C 0ol T'1e S001000 o€ SO0
SYesT |8 2% ¢4 1zl £Sive vizl 243 $00100°0 06¢ 0v0'0
¥’ 0sSC S'8ebe g1t Tewe LI s'6e £00100°0 L9e Se00
9°6psT 9vrve o'tot 9°80vC 010l L'sy €00100°0 1've 0£00
9EYST £LYYT 96 1"Love 796 L'gy 20010070 0€T - 8200
£1pyse Tosve 1’16 y'sove I'16 €S 2001000 L'1e 9200
0'6es¢ £ESre LS8 9'cove L'S8 ¥9¢ 001000 v0c 200
y9ese 9'95¥C 86L L10ve 8'6L 19 7001000 o6l 2200
9'eese 09y ceL 966£C SeL 0°L9 1001000 SLY 0200
9°0esT 1'99vC €99 v'Loee 99 (175 10010070 6'SL 8100
£'L2ST ¥"89¥¢C 685 8Y6ET 685 8'C8 1001000 ovt 9100
§'€ese TeLve £0s 0c6eC £0s 66 0001000 0ct 100
£61SC L'8LYC 90V 6'88¢€C 9°0¥ L801 0001000 L'e6 oo
Pyise 0°S8v¢ €60 (45174 £6¢ ocl 0001000 oL 0100
§'80S¢C 9°Cove 8¢l L08¢¢ 8¢l L'6S1 0001000 8¢ 8000
9'105¢ 9'105¢C 00+ 9°GLET 019z 90¢ 0001000 100 119000
weas uonezodeag JOIeM weals 191\ wedls 1218p\ (D)L (xeq)d
GYMDH @vmg (By/m)A

,QEL 2INssald :Wea)s pajernies Jo saniadoid 9°g IqEL



Physical Property Tables 645

( panunuod)
qmig = €0€r0 X M 210N Adjeyiua oyoads = g pue ‘A319ua |euiaul
sywads = () ‘ownjoa oyads = 4 ‘96 'UOPUOT] ‘SS31 ANSIRAlU() SBpUQWED SHU] (I JN) IS U SAIGQUY AU UAPpOLLIdY | ‘poomAeE] ‘A Y WO,

(e 1)
09L92 6°957C 61y $'905¢ 0'6TF €L9'1 ¥¥0100°0 0001 STETO'T
¥'SL9T 6'LSTT SLIY 19052 VLIV v69'1 £40100°0 966 001
TELIT L1972 SIp v 05T VIlb LLLT V01000 786 S6°0
60L9T 96972 Tsovy 97052 I'Sov 6981 1¥0100°0 L96 060
¥'899C 8'692¢ 9°86€ 8°00S¢C $'86€ w61 0¥0100°0 (A $8°0
8599C 1'vLTT L16€ 8'86¥¢C 9'16¢ L30T 6£0100°0 S€6 080
0€99¢ 9'8LTT SPSE L'96VT v v8€ e L£0100°0 816 SLO
1'099¢C £€8TT 89LE ST6IT L'9LE 9€T 9g0100°0 006 0L0
69592 £887C 9°'89¢ TT6vT $'89€ €T SE0100°0 088 $9°0
9°€59¢ 9°€67¢ 665€ L68¥C 665€ €LT €€0100°0 098 090
6'6V9 €667 9:0S€ 698VC 9:0S€ 96T Z€0100°0 L'€8 $S0
09%92 ¥"S0€T 9°0¥E 08 SovE Y€ 0£0100°0 €18 0S0
L1¥92 0TIET 9°62€ L 08T 9°67€ 8G'€ 8701000 L8L SH0
6'9£92 T61€T L'LIE T'LLVT 9LIE 66'€ LT0100°0 6SL oo
S'1£9C TLeET £Y0€ TELYT £10€ £GP SZ0100°0 LT S€0
v'679¢7 1'9€€T €68 98947 €682 €S T20100°0 1'69 0€0
L7292 0'0VET L'T8T $'99pT L'T8T 8S°S 1201000 S'L9 80
66192 ThrEe L'SLT YT 96LT 86°S 0201000 659 970
8919 9']PET 789 1'79+C 89T SH'9 6101000 179 ZA))
SE19Z €ESET 1'09C 9654 1'092 0L 8101000 Ty %A\
6'609C b'8GET SIST 69SHT SIS S9L L10100°0 109 0z0
61092 1°19€2 95T ¥'SSHT 89¥T £0'8 L10100°0 06S 61°0
6'509¢C 6€9€C 0T 6°ESYT 0Te Sh'8 9101000 8'LS 810
8°€092 6'99€C 6'9€C £TSHT 69€2 16'8 S10100°0 995 L10
91092 00LET 9 1£T 90SHT 9'1€C €6 S10100°0 £6S 910

T665C TELET 09cc 6'8¥vC 09¢C 2001 ¥10100°0 ovs S10



646 Appendix B

oL

079LT 6'¥90C 1°L69 11LST £969 €LTO 80110070 0991

6'8SLT LvL0T 1'¥89 L'895T y'£89 2620 S01100°0 0291 9
§6SLT 06807 0.9 7995C 8699 S1€0 10110070 8861 09
L1SLT 6°560C 8°SS9 £295¢C 7SS9 Zre0 L60100°0 (S Y
SLVLT v'L01T 1'0b9 2095C 9°6£9 SLEO £60100°0 81T s
L'SPLT e See9 8'8SST 0'eeg 68£°0 160100°0 £0s1 8Y
6'EVLT TLITT L9279 $°LSST 7929 Sov0 6801000 L8yl 9v
6'1vLe £'CTIT 9619 6'665¢C 1’619 £ero 8801000 Uil 144
8'6£LT SLTIC £719 A2 8119 w0 9801000 454" (44
9LELT 0¢e1e Lv09 LTSSt Y09 w90 ¥80100°0 9evl oY
£'8eLe 9'8¢1¢ 896S 0'15SC v96S S8v°0 7801000 841 8t
6'CELT yyric G886 T6VST 1'88S 0160 0801000 66¢€l 9¢
£0eLT ¥ 0SIC 6'6LS TLYST 96LS 8¢6°0 8L0100°0 6'LEL 14
9°LeLT L9s1c 6°0LS TSPST 90LS 0LS0 9L0100°0 g's¢el (4
LveLe 'e91¢ y'19s 0'evse 1198 9090 ¥L0100°0 ceel 0¢
sizLe 1'0L1C LA 88 9°0vSCT 116§ 990 1L0100°0 zliel 87
T81LT €LLIT 6'0vS 1'8¢£ST 9°0¥S £69°0 6901000 L8zl 9C
cyiLe 6v81C 9°6¢S y'oest v'67S 9L0 9901000 1921 $C
901LL 0'€61¢ 9L1S P'TeST vLLS 0180 ¥90£00°0 (% X4 (A
£90LC 9'102C L'v0S T6LST Sv0S $88°0 1901000 zozl 0
0'v0LT 1'90¢C 8'L6Y SLese 9'L6Y 6260 6501000 9811 6'1
$10LT 8'01¢2¢ L06Y 9°525T S06v LL60 8501000 6911 8’1
0°669¢ Ls1Te ey L'€ese 0’8y 1€0'1 9501000 Zsit L1
7969¢ 60TCC V' SLY L'1ese TSLY 160°T $S0100°0 gell 91
$'£69C 9t T L9% S'61ST 0'L9¥ 6S1'1 £50100°0 Vit 1
£069¢ 61ece 11974 TLIST 13N 4 9¢T’1 1S0100°0 €601 LA
0'L89C 8'LETT (424 Ly1ST | W34 see'l 6¥0100°0 1°L01 €1
v'€89C Tvve ¥'oEY 1C1s¢ (4334 scr'l 8¥0100°0 8101 (A}
9°6.9Z 8°05¢C 8'8Cy T'60S¢T L8y &¥S'1 9v0100°0 £701 1
wesls uoneiodeay I91EM weals 19)epA weals 1918 (D)L (1eq)d

Gy @vmg (B/cun) A

(penunuoD) 9'd d1qEL



647

Physical Property Tables

( panunuos)

11082
L7108¢
1°208¢
£7208¢
£208¢

7'C08¢
(2082
L£108T
F108¢
6°008¢
#008¢
8'66LL
1'66LC
86LC
TLeLT

196LC
8V6LC
Pe6eLe
L16Le
6'68LC
LBLT

¥'S8LT
1'v8LC
L'T8LT
£18L¢
L'6LLT
08LLL

CI9LLT
CYLLT
1'eLLe
6'69LC
§L9LC
V9L

'8CLL
[42474!
£09L1
6'9LLT
6'¢6L1
92081
18I
g0zl
96281
0'6£81

S8vel
(4152
18981
7'8L81
98881
£6681
gotel
s1e6l
Teeol
4543
L'LSO]
L'0L6!
YLL6L
€861
€166l
S'8661
6°500¢

9°€10C
¥ 120¢
§6e0C
6°LE0C
S9v0C
$'6S0T

Lot
9°LSOL
8 1v01
6201
¥'8001
§°666
S066
7’186
L1LG6
0296
6156
916
0'1€6
0026
9806

8968
9v88
8'1L8
9'868
Lyv8
1°0tR
LY18
L'908
8oL
668L
T18L
0CLL
979L
8TSL
9L
0ZeL
6'0CL
£60L

671092
2209¢
§709¢
§C09¢
¥209C

£7209¢
17209¢
87109C
§109C
¢'109¢
L'009¢
2009C
9'665C
6'865C
7°865C

€L6SC
£965¢
1°665¢C
8'£65C
¥'T65C
8°065C
0°68S¢
0'885¢
6985¢
8°685¢
Sv8sT
£€85¢

6'18SC
¥'085¢
8'8LGC
I"LLST
SSLST
£ELST

0°8901
1°¢S01
9LEOT
¢'1201
L'p001
0966
1"L86
0'8L6
9896
0'656

1'6¥6
6’80
£'826
S'L16
7906
9168
$'88
6698
L'968
6Tr8
S'8C8
Ceis
€608
vLeL
9'88L
6'6LL
S0LL
S19L
gIsL
9 IPL
el
00cL
S'80L

2S00
$SS0°0
L8S0°0
Y2900
99900
68900
FILO0
0rL00
69L0°0
66L0°0

e80°0
89800
L0600
6v60°0
$660°0

LyvO1'0
€01T°0
99110
JAYARY
LIEl0
Loyl o

T1ST°0
69S1°0
€910
00L1°0
YLLTO
gs81°0

£v610
0r0T0
8p1T0
89CC0
£0¥eo
$65T°0

SPZ100°0
8€C100°0
1€2100°0
$2zI000
9121000

£12100°0
60210070

S0Z1000

102100°0
L61100°0

£61100°0
6311000
G81100°0
1811000
LL1100°0

L1000
8911000
£€911000
6511000
yS1I00°0
6P1100°0

711000
I¥1100°0
6£1100°0
9€1T100°0
€€I1000
0€1100°0

LZ11000
PZ1100°0
1Z1100°0
8LII000
S11100°0
ZI1100°0

€LYe
Tyve
6°0ve
VLed
8'eel
0cet
00eT
1°8¢C
09¢¢
6'¢cc
81T
vyolc
TLIC
6v1C
peic
8'60¢
1'L0¢
£Y0C
¥'10¢
£86l
0561
9161
8681
0881
09381
'8t
0Z81
6'6L1
L'LLY
¥'SLL
6Ll
oLl
8191

8¢
9t
e
[43
0¢

6¢
8T
L7
9¢
S¢

¥
£
(44
1C

0c

61
8l
Ll
91
ST
14!
oetl
gl
ocl
STt

011

So1
00t
)
06
S8
08
SL



648 Appendix B

a

0'8¢Le £96¢l L18eT T'SSST 789¢l Sr610°0 P00 P 90¢ v6
vivLe 9°89¢1 geLel L'LSST L'6SEL 966100 SZrin0o 6v0¢ 6
9Ll 6'08¢1 Leogt 170962 o' 1sel 0S020°0 81¥100°0 €0t 06
8'LYLT e6tel 9veel 9°795¢ el 01200 11I$100°0 L10E 88
6'06LC csovi yevel 6'¥9S¢C geeel 91200 POV 1000 1°00¢ 98
0vsSLE 6LV 19¢ee1 TL9ST £yeel 00 86£100°0 ¥'86¢ ¥8
0'LSLT £oevl 99zel S69sC zsiel 62200 16£100°0 L96C 8
6°65LC 8Chvl VLIl L1LST 090¢c1 gez00 P8£100°0 0°S6¢ 08
879LT £'6srl P LOET 8°€LST L96T1 weoo 8LEL000 [AY4 8L
S'S9LT 6L9v1 aLeclt 6'SLST L8l 6¥20°0 TLE100°0 16T 9L
£'89LC S08v1 L1821 0'8LST 9LLTL LST00 #9€100°0 9°68C YL
6'0LLC geovl 9LLT1 6°6LSC 6°L9¢C1 $9¢00 86€100°0 L'L8C L
SeLLe 090S1 ¥ L9C1 8°185C 08scl ¥L20°0 16€100°0 8'68¢ 0L
6°SLLT 68161 0Lscl L'€85¢ 6'LvCl £820°0 SyE100°0 8'¢€8¢ 89
€8LLL 6'1¢St sovel 6'68S¢ 9LECL 6200 8¢€100°0 88T 99
9°08LC 6PPSl L'sect T'L8ST TLTel 20€0°0 €e1000 8'6LC ¥9
678LT 0'8ss1 8'vecl 8886C 9°91¢1 €Le0o STEI000 LLe 29
0°S8LC €1LS1 LElct ¥'06S¢C 8's0C1 yee0o 61€100°0 9°6LC 09
0'L8LC LVY8SI £20Cl 6'165¢ L'vell LELO0 Zi€1000 geLe 8¢
0'68LC 7’8651 80611 £E65C Segll 6ve00 90€100°0 T'iLe 9¢
8'06LC 61191 6'8LLL 9v6SC 6 1L11 £9¢0°0 6621000 889¢ 129
9T6LT LS9l 89911 6°56SC 10911 8L£00 2621000 ¥'99¢ (43
TYeLe L'6£91 SPSIL 0'L6SCT osvil $6£0°0 98¢100°0 6'€9¢ 0S
L'S6Lt 6'€S91 IVl 1'865C 96ell 4344\ 6L2100°0 y19c 1%
'LeLe £8991 88CLI 1'66S¢ 6cell 0er0'0 ZLTI000 8'86¢ 14
£86LT 6'T891 FSITl 6°665C L6011 15F0°0 99210070 (r9sc 144
FoO6LE 8L6Y1 91011 L009C £'9001 L0 65210070 ese [44
£'008¢ 6CILY ¥'L801 £109C ¥ 2801 L6YO0 ZsTIo0o £08¢ or
wealg uorjerodeay Iajep weas 1918 weys 193eM\ (D)L (1eq)d
Gur)H @ur)g (Bweua

(penunuo)) 9 2I98L



649

Physical Property Tables

801¢
961¢
Ts6¢e
gLYeC
¥'98¢¢
y81ve

09v¥e
90LVT
1'eevt
6'¢€1se
£'eese

915S¢
8'89¢¢
6'1¥8SC
£009¢
0si9e
1'6¢9¢
&AL
(°689¢
0°£99¢
¥'8L9C

689¢
$'669¢
£60LC
L'8LLT
LLele

TIeLe
L'veLe

0

S8l
799¢
£ 19y
§ees
6'16S
THF9
0269
99¢L
1'6LL
(008
6658
£'868
£FC6
9696
0001
LLe0l]
L0LO1
I'€011
0'Setl
yo9911

vLoll
(4 1441
L'8S¢l
7681
Le6lel
6 1eel
LI'vhel

801¢C
110z
6'8¢61
£9881
6'€S81
$'9¢8l

1081
L'8LLL
S9GLI
gveLl
eelLl
L1691
S0L91
€059t
L0g91
01191
£ 1681
9 1LS1
671551
0Cesl
0cist

g16vl
eIl
90svi
socyl
08orl

£66el
906l

8¢0¢C

viic
1'861¢C
| é 7é
yyLee
800¢e¢
9°€Cee
EPET
1779¢C
6'8LEC
9p6¢C
£60re
1'eere
09¢rd
[ 1444
6 6SYe
0'1Lve
A bi174
£ love
9°00S¢C
¥605¢

8°L1SC
L'6TsT
Teese
Porse
£LPSe

00s5¢C
978ST

8€0T

561
98L81
0or8i
L0181
L'S8L1
9Ll
'evll
L1eLy
L'10LL
81891

91991
8191
e9l
9091
1°9851
S L961
1"6vS1
y'OEST
9ISl
Lol
veLvl
(182941
[44%4!
I'vivi
seotl
[4%:71
LoLel

L1€00°0
€L£00°0
1S¥00°0
20S00°0
9¥S00°0
885000

829000
89900°0
80L00°0
0SLOO0
£6L000

LER000
£8800°0
1£600°0
18600°0
e010°0

060100
0SHI00
E1C100
08¢100
16¢100

82100
1IS10°0
109100
869100
$0810°0

6v810°0
L6810°0

L1£00°0
L9200°0
pEOU 0
0C2000
112000
POZO0'0

LL6100°0
9z61000
[88100°0
081000
£08100°0

0LLTO00
6£L100°0
0121000
£89100°0
8591000

P£I100°0
1191000
88S100°0
L9S100°0
LYST000

LTS100°0
LOS1000
68V100°0
0L¥100°0
£S¥100°0
910070
6EV100°0

SipLE
Lele
R1LE
8'69¢
8°L9¢
L69¢
9'¢9¢
P19¢
765t
0LSE
9vse
£se
g'ove
eLrE
8Vt
1"Zve
Pote
99¢E
8oLt
0L
8'Lee
9yTe
Plize
08le
9vie
orie
$'60¢
0'80¢

(quied [eona))
T
0zz
SIT
01z
S0z
00z

S61
061
g8l
081
SLl
oLt
9l
091
SSt
(VY
Svl
ovl
cel
0¢l
YA !

oct
STt
(U8
SOt
001

86
96



650 Appendix B

Table B.7 Properties of Superheated Steam?

P(bar) Sat'd Sat'd Temperature (°C)—
(Tsa.°C) Water Steam 50 75 100 150 200 250 300 350
0.0 H — —_ 2595 2642 2689 2784 2880 2978 3077 3177
(=) 1 — — 2446 2481 2517 2589 2662 2736 2812 2890
v — — — —_ - — — _ — —
0.1 H 1918 2584.8 2593 2640 2688 2783 2880 2977 3077 N7
(45.8) 0 1918 2438.0 2444 2480 2516 2588 2661 2736 2812 2890
vV 0.00101 147 14.8 16.0 17.2 19.5 21.8 242 26.5 28.7
0.5 A 3406 2646.0 209.3 3139 2683 2780 2878 2979 3076 3177
(81.3) 0 3406 2484.0 209.2 3139 2512 2586 2660 2735 2811 2889
v 0.00103 3.24 0.00101 0.00103 341 3.89 4.35 4.83 5.29 5.75
1.0 H 4175 2675.4 209.3 314.0 2676 2776 2875 2975 3074 3176
(99.6) 0 a171s 2506.1 209.2 3139 2507 2583 2658 2734 2811 2889
vV 0.00104 1.69 0.00101 0.00103 1.69 1.94 217 2.40 2.64 2.87
5.0 H 6401 2747.5 209.7 3143 4194 632.2 2855 2961 3065 3168
(151.8) 0 6396 2560.2 209.2 313.8 4188 631.6 2643 2724 2803 2883
-V 0.00109 0.375 0.00101 0.00103 0.00104 0.00109 0425 0474 0.522 0.571
10 A 7626 2776.2 210.1 3147 419.7 632.5 2827 2943 3052 3159
(179.9) 0 7615 2582 209.1 3137 4187 6314 2621 2710 2794 2876
v 0.00113 0.194 0.00101 0.00103 0.00104 0.00109 0.206 0.233 0.258 0.282
20 H 9086 2791.2 2110 315.5 420.5 633.1 852.6 2902 3025 3139
(212.4) U 9062 2598.2 209.0 3135 4184 603.9 8502 2679 2774 2862
vV 0.00118 0.09950 0.00101 0.00102 0.00104 0.00109  0.00116 0.111 0.125 0.139
40 g 10874 2800.3 212.7 3171 422.0 634.3 8534 1085.8 2962 3095
(250.3) U 10824 2601.3 208.6 313.0 417.8 630.0 848.8 1080.8 2727 2829
vV 0.00125 0.04975 0.00101 0.00102 0.00104 0.00109 0.00115  0.00125 0.0588 0.0665
60 A 12137 2785.0 2144 318.7 423.5 635.6 854.2 1085.8 2885 3046
(275.6) U 12058 2590.4 208.3 3126 4173 629.1 847.3 1078.3 2668 2792
vV 0.00132 0.0325 0.00101 0.00103 0.00104 0.00109  0.00115  0.00125 0.0361 0.0422
80 A 13171 2759.9 2161 3203 425.0 636.8 855.1 1085.8 2787 2990
(295.0) U 1306.0 2571.7 208.1 3123 416.7 628.2 8459 1075.8 2593 2750
vV 0.00139 0.0235 0.00101 0.00102 0.00104 0.00109  0.00115  0.00124 0.0243 0.0299
100 H  1408.0 27217 217.8 3229 426.5 638.1 855.9 1085.8 1343.4 2926
(311.0) U 13935 25473 207.8 3117 416.1 627.3 844 10734 13294 2702
vV 0.00145 0.0181 0.00101 0.00102 0.00104 0.00109 0.00115  0.00124  0.00140 0.0224
150 A 16110 2615.0 2221 326.0 4303 641.3 858.1 1086.2 1338.2 2695
(342.1) 0 15861 2459.9 207.0 310.7 4147 625.0 841.0 1067.7 1317.6 2523
v 0.00166 0.0103 0.00101 0.00102 0.00104 0.00108  0.00114 0.00123  0.00138 0.0115
200 H 18265 2418.4 226.4 3300 4340 644.5 860.4 1086.7 13343 1647.1
(365.7) 0 17857 2300.8 206.3 309.7 4132 622.9 837.7 1062.2 1307.1 1613.7
V 000204  0.005875 0.00100 0.00102 0.00103 0.00108  0.00114  0.00122 0.00136  0.00167
2212(P.) H 2108 2108 2282 3317 435.7 645.8 861.4 1087.0 1332.8 1635.5
(374.15(T.) U 2037.8 2037.8 206.0 309.2 4128 622.0 836.3 1060.0 13029 1600.3
V000317 0.00317 0.00100 0.00102 0.00103 0.00108  0.00114 0.00122 0.00135  0.00163
250 g —_ — 230.7 3340 437.8 647.7 862.8 1087.5 1331.1 1625.0
(=) 0 _ — 205.7 308.7 412.1 620.8 834.4 1057.0 1297.5 1585.0
v — —_ 0.00100 0.00101 0.00103 000108 0.00113  0.00122 0.00135  0.00160
300 A —_ —_ -235.0 338.1 441.6 650.9 865.2 1088.4 1328.7 1609.9
(=) 0 — — 205.0 307.7 4108 618.7 8313 1052.1 1288.7 1563.3
v — —_ 0.0009990 0.00101 0.00103 0.00107 0.00113  0.00121  0.00133  0.00155
500 A —_— —_ 2519 3542 456.8 664.1 8754 1093.6 1323.7 1576.3
(—) 0 —_ — 202.4 304.0 405.8 611.0 819.7 1034.3 1259.3 1504.1
1% —_ — 0.0009911 0.00100 0.00102 0.00106  0.00111  0.00119  0.00129  0.00144
1000 24 — — 2939 394.3 495.1 698.0 903.5 1113.0 13287 1550.5
(=) 0 —_ - 196.5 2957 395.1 594.4 795.3 999.0 1207.1 1419.0
v —_ _ 0.0009737  0.0009852  0.001000 0.00104 0.00108 0.00114 0.00122  0.00131

“Adapted from R. W. Haywood, Thermodynamic Tables in SI (Metric) Units, Cambridge University Press, London, 1968.
Water is a liquid in the enclosed region between 50°C and 350°C. H = specific enthalpy (kJ/kg), U = specific internal energy
(kl/kg), V = specific volume (m*/kg). Note: kJ/kg X 0.4303 = Btwlb,,.

(continued )
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Table B.7 (Continued)

P(bar) Temperature (°C)—
(Tsa°C) 400 450 500 550 600 650 700 750
0.0 A 3280 3384 3497 3597 3706 3816 3929 4043
(—) g 2969 3050 3132 3217 3303 3390 3480 3591
0.1 H 3280 3384 3489 3596 3706 3816 3929 4043
(45.8) U 2969 3050 3132 3217 3303 3390 3480 3571
v oo21l 333 35.7 38.0 40.3 426 448 472
0.5 A 3219 3383 3489 3596 3705 3816 3929 4043
(81.3) U 2969 3049 3132 3216 3302 3390 3480 3571
v o621 6.67 7.14 7.58 8.06 8.55 9.01 9.43
1.0 R 3278 3382 3488 3596 3705 3816 3928 4042
(99.6) U 2968 3049 3132 3216 3302 3390 3479 3570
v 31l 3.33 357 3.80 4.03 4.26 4.48 4.72
5.0 ] »mn 3379 3484 3592 3702 3813 3926 4040
(151.8) U 2964 3045 3128 3213 3300 3388 3477 3569
v 0617 0.664 0.711 0.758 0.804 0.850 0.897 0.943
10 H 3264 3371 3478 3587 3697 3809 3923 4038
179.9) U 2958 3041 3124 3210 3296 3385 3475 3567
v 0307 0.330 0.353 0.377 0.402 0.424 0.448 0.472
20 7 3249 3358 3467 3578 3689 3802 3916 4032
(2124) U 2946 3031 3115 3202 3290 3379 3470 3562
? 015t 0.163 0.175 0.188 0.200 0.211 0223 0.235
40 H 3216 3331 3445 3559 3673 3788 3904 4021
(2503) 0O 292 3011 3100 3188 3278 3368 3460 3554
Vo 00734 0.0799 0.0864 0.0926 0.0987 0.105 0.111 0.117
60 H 3180 3303 3422 3539 3657 3774 3892 4011
(275.6) U 28% 2991 3083 3174 3265 3357 3451 3545
: Vo 0.0474 0.0521 0.0566 0.0609 0.0652 0.0693 0.0735 0.0776
80 A 3142 3274 3399 3520 3640 3759 3879 4000
(295.0) U 2867 2969 3065 3159 3252 3346 3441 3537
v 0.034 0.0382 0.0417 0.0450 0.0483 0.0515 0.0547 0.0578
100 g 3100 3244 3375 3500 3623 3745 3867 3989
(3110 U 2836 2946 3047 3144 3240 3335 3431 - 3528
V00264 0.0298 0.0328 0.0356 0.0383 0.0410 0.0435 0.0461
150 B 2975 3160 3311 3448 3580 3708 3835 3962
@421 O 2144 2883 2999 3105 3207 3307 3407 3507
vV 00157 0.0185 0.0208 0.0229 0.0249 0.0267 0.0286 0.0304
200 A 2820 3064 3241 3394 3536 3671 3804 3935
(3657) 0 2622 2810 2946 3063 3172 3278 3382 3485
¥ 0.009950  0.0127 0.0148 0.0166 0.0182 0.197 0211 0.0225
212P) H 2133 3020 3210 3370 3516 3655 3790 3923
(374.18)(Tc) 0 2553 2776 2922 3045 3157 3265 3371 3476
¥ 0008157 00110 0.0130 00147 0.0162 0.0176 0.0190 0.0202
250 H 2582 2954 3166 3337 3490 3633 3772 3908
=) U 2432 2725 2888 3019 3137 3248 3356 3463
vV 0006013 0009174 00111 0.0127 0.0141 0.0143 0.0166 0.0178
300 7 2162 2826 3085 3277 3443 3595 3740 3880
(=) 0 2077 2623 2825 2972 3100 3218 3330 3441
vV 0002830 0006734  0.008680 00102 0.0114 0.0126 0.0136 0.0147
500 H 18718 2293 2723 3021 3248 3439 3610 3771
(=) U 179 2169 2529 2765 2946 3091 3224 3350
v 0001726 0.002491 0003882 0005112 0006112  0.007000 0.007722  0.008418
1000 H 1798 2051 2316 2594 2857 3105 3324 3526
) U 1653 1888 2127 2369 2501 2795 2971 313¢
V 0001446 0.001628 0001893 0002246  0.002668  0.003106 0.003536  0.003953







