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L-2/T-2/IPE - Date : 01/10/2022
' BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY, DHAKA
1-2/T-2 B. Sc. Engineering Examinations 2020-2021
sub: IPE 205 ‘(Manufacturing Process )
Full Marks : 210 Time : 3 Hours

The figures in the margin indicate full marks.
USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION - A ‘
There are FOUR questions in this section. Answer any THREE.

1. (a) Explain importance of permeability and collapsibility of molding sand in sand
molding. Also explain the Match-plate pattern with relative a'dvantages over other types

of pattern in sand casting.

(b) What are the design considerations forl casting? Discuss them briefly with necessary
sketches.

(c¢) Discuss in detail the Vertical Flask less molding and Shell mold casting with

necessary sketches.

2. (a) Explain different methods of metal powder production with necessary sketches. Also

mention the particle shapes that are produced by different methods of powder production. (9+4=13)

(b) Mention the seven basic categories of casting defects classified by the International
Committee of Foundry Technical Associations. Discuss each of them with necessary
sketches. .

(c) Discuss the Hot Isostatic Pressing (HIP) and Cold Isostatic Pressing (CIP) process .-
with necessary sketches. Which method do you prefer for relatively low shape'

complexity and relatively bigger in size?

3. (a) Explain in detail the Honing and Super finishing processes with necessary sketches. How

does the Super finishing process produce better surface finish than the Honing process? (10+3=13)

(b) Explain the Slip casting and Jiggering process of ceramic product manufacturing with
necessary sketches.
(c) What are the additives need to mix with ceramic powders for producing different

ceramic products? Explain briefly.

4. (a) Explain the method of Glass boitle and Glass tube manufacturing process in detail
with necessary sketches.

(b) Discuss the following with necessary sketches:

(1) Direct and Indirect Extrusion
(i1) Forward and Backward Extrusion

(c) What are the means for reducing roll force in Flat rolling process? Explain briefly.

(6+7=13)

(5+5=10)

(7+3=10)

(7+6=13)
(6+6=12)
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SECTION-B
There are FOUR questions in this section. Answer any THREE.

5. (a) Expla;n the similarities and differences of consumable, and non-consumable
electrodes. o (7
(b) Enumerate common defects encountered with welding products and suggest methods
to counter these defects. Identify the factors that affect weldability. - (8) -
(c) Describe any S types of forming processes in sheet metal working with necessary _ )
sketches. . ' (10)
(d) With the help of a neat sketch,.brieﬂy describe the principles of operation of MIG
welding process. Name the types of shielding gas used in MIG welding. (10) . -

6. (a) What are the similarities and differences between shielded metal arc welding and
submerged arc welding process? - - (7)

(b) Why proper heat balance during welding is necessary and how proper heat balance in

spot welding can be achieved? _ (8)
(c) Explain percussion welding with the help of a neat sketch. (10)
(d) How different types of seams can be produced in welding? (10)
7. (a) Discuss the working principle of thermo-chemical welding. (N

(b) From production viewpoint, what are the some of the attractive characteristics of -

resistance welding? : . 8
(¢) Discuss the geometric limitations of friction and inertia welding. (10)
(d) Explain the mechanism of plasma arc welding with necessary sketches. . - (10)

8. (a) Explain different types of tube rolling with necessary sketches. Also explain different
defects in flat rolling with sketches. _ (8+5=13)
(b) Write short notes on explosive and magnetic-pulse welding. (12)
(¢) In which case do you find barreling effect during up-setting process? How do you |

minimize the barreling effect? . . : (10)
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BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY, DHAKA
L-2/T-2 B. Sc. Engineering Examinations 2020-2021

Sub: IPE 207 (Probability and Statistics)

Full Marks: 280 Time: 3 Hours
USE SEPARATE SCRIPTS FOR EACH SECTION

The figures in the margin indicate full marks

SECTION-A
" There are FOUR questions in this section. Answer any THREE questions.

1. (a) Explain Interval-Level data and Ratio-Level data.
(b) Explain the advantages of Cumulative Frequency Polygon over Frequency Polygon.
(c) Suppose that two people are randomly chosen from a group of 4 women and 6 men.
(i) What is the probability that both are women?
(11) What is the probability that one is a woman and the other is man?
(d) A manufacturer of a flu vaccine is concerned about the quality of its flu serum.
Batches of serum are processed by three different departments having rejection rates of
0.10, 0.08, and 0.12, respectively. The inspections by the three departments are
sequential and independent.
(i) What is the probability that a batch of serum survives the first departmental
inspection but is rejected-by the second department?
(i1) What is the probability that a batch of serum is rejected by the third
department?

2.  (a) Define random variable and expected value.

(b) A real estate agent has 8 master keys to open several new homes. Only 1 master key
will open any given house. If 40% of these homes are usually left unlocked, what is the

probability that the real estate agent can get into a specific home if the agent selects 3
master keys at random before leaving the office?

(c) A survey of those using a particular statistical software system indicated that 10%
were dissatisfied. Half of those dissatisfied purchased the system from vendor A. It is
also known that 20% of those surveyed purchased from vendor A. Given that the

software package was purchased from vendor A, what is the probability that this

particular user is dissatisfied?

(d) Explain Bayes' theorem.

(a) Explain the characteristics of student's 't' distribution.

[
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Contd... Q. No. 3

(b) Suppose a special type of small data processing firm is so specialized that some

have difficulty making a profit in their first year of operation. The pdf that

characterizes the proportion y that make a profit is given by 20%)
'(t-y), 0<y<l|,
=47
0, elsewhere.

(1) What is the value of k that renders the above a valid density function?
(ii) Find the probability that at most 50% of the firms make a profit in the first
year.
(iii) Find the probability that at least 80% of the firms make a profit in the first
year.
(c) Let X denote the number of times a certain numerical control machine will

malfunction: 1, 2, or 3 times on any given day. Let Y denote the number of times a
technician is called on an emergency call. Their joint probability is given as: (18)

X
fxy) | 1 2 3
1{005]005( 0.1
Y 2{005| 0.1]0.35
3 0] 02] 0.1

(1) Evaluate the marginal distribution of x.
(ii) Evaluate the marginal distribution of y.
(iii) Find P(y = 3| x = 2).

4.  (a) Explain the factors influencing the appropriate sample size. (6)

(b) Explain Stratified and Systematic Random Sampling. (8)
(c) According to a recent survey, Americans get a mean of 7 hours of sleep per night. A
random sample of 50 students at West Virginig University revealed the mean number
of hours slept last night was 6.8 hours. The standard deviation of the sample was 0.9
hours. At the 0.05 significance level, is it reasonable to conclude that the students at
West Virginia sleep less than the typical American? Compute the p-value. (16)
(d) The Gibbs Baby Food Company wishes to compare the weight gain of infants using
their brand versus their competitors. A sample of 40 babies using the Gibbs products
revealed a mean weight gain of 7.6 pounds in the first three months after birth. The
standard deviation of the sample was 2.3 pounds. A sample of 55 babies using the
competitors brand revealed a mean increase in weight of 8.1 pounds, with a standard
deviation of 2.9 pounds. At the 0.05 significance level, can we conclude that babies

using the Gibbs brand gained less weight? Compute the p-value and interpret it. (16%)
| Contd ...... P/3
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SECTION - B
There are FOUR questions in this section. Answer any THREE.

5. (a) A particular part that is used as an injection device is sold in lots of 10. The
producer feels that the lot is deemed acceptable if no more than one defective is in the
lot. Some lots are sampled and the sampling plan involves random sampling and

testing 3 of the parts out of 10. If none of the 3 is defective, the lot is accepted.

Comment on the utility of this plan. (15)
(b) A large chain retailer purchases a certain kind of electronic device from a
manufacturer. The manufacturer indicates that the defective rate of the device is 3%. (16%)
(i) The inspector of the retailer randomly picks 20 items from a shipment. What is the
probability that there will be at least one defective item among these 207

(ii) Suppose that the retailer receives 10 shipments in a month and the inspector

randomly tests 20 devices per shipment. What is the probability that there will be 3

shipments containing at least one defective device?

(¢) During a laboratory experiment the average number of radioactive particles passing

through a counter in 1 millisecond is 4. What is the probability that 6 particles enter the

counter in a given millisecond? (15)

6.  (a) The Laboratory for Interdisciplinary Statistical Analysis at Virginia Technique
analyzed data on normal woodchucks for the Department of Veterinary Medicine. The
variables of interest were body weight in grams and heart weight in grams. It was

desired to develop a linear regression equation in order to determine if there is a

significant linear relationship between heart weight and total body weight. (36%)

Body Heart weight Body weight | Heart weight

weight (grams) (grams) (grams)

(grams)
4050 11.2 - 3690 10.8
2465 12.4 2800 14.2
3120 10.5 2775 12.2
5700 13.2 2170 10.0
2595 9.8 2370 12.3
3640 11.0 2055 12.5
2050 10.8 2025 11.8
4235 104 2645 16.0
2935 12.2 2675 13.8
4975 11.2

Contd ...... P/4
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Use heart weight as the independent variable and body weight as the dependent

variable and fit a simple linear regression using the following data. In addition, test the
hypothesis Hp: 1 = 0 versus H;:Bi # 0.

(b) Discuss the applications of F-distribution. (10)

7. (&) An experiment was conducted on a new model of a particular make of automobile

to determine the stopping distance at various speeds. The following data were recorded. (35)

Speed v 35{50|65|80|95]110
(km/hr)
Stopping 116126|41|62|88|119
Distance, d(m)

i. Fit a multiple regression curve of the form
uol = fo + Biv + S,
ii. Estimate the stopping distance when the car is traveling at 70 kilometers per

hour.

(b) What are the pitfalls in using R*? _ (11%)

8.  (a) The data in the following table represent the number of hours of relief provided by
five different brands of headache tablets administered to 25 subject experiencing fevers
of 38°C or more. Perform the analysis of variance and test the hypothesis at the 0.05

level of significance that the mean number of hours of relief provided by the tablets is

the same for all five brands. Discuss the results. (30)
A B C D E
5.2 9.1 _ 3.2 2.4 7.1
4.7 6.0 5.8 34 6.6
8.1 8.2 2.2 4.1 9.3
6.2 6.0 3.1 1.0 4.2
3.0 9.1 : 72 4.0 7.6

(b) Prove that- (16%)
) .
E(SS4)= (k- 1)o?+n Y ¢
i=1
Where the symbols carry their usual meaning.
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Table; Critical Values of the F -Distribution

fo.as{visve)
vy
vy 1 2 3 4 5 6 7 8 9
1 161.45 19950 21571 - 224.58 23016 23399 23677 23838 240,54
: 2 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38
: 3 10.13 9.55 9.28 912 9.01 8.04 8.89 8.85 8.81
4 7.71 6.94 6.59 . 6.39 6.26 6.16 6.09 6.04 6.00
5 6.61 5.79 5.41 5.19 5.05 4.95 4.88 482 4.77
8 5.99 5.14 4.76 4.53 4.39 4.28 421 4.15 4.10
7 5.59 4.74 4.36 412 3.97 3.87 3.79 3.73 3.68
8 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39
9 5.12 4.26 3.86 3.63 3.48 3.37 3.29 323 3.18
10 4.96 4.10 3.7 3.48 3.33 3.22 3.14 3.07 3.02
11 4.84 3.98 3.59 3.36 3.20 3.09 3,01 2.95 2.60
12 4,75 3.89 3.49 3.26 3.1l 3.00 291 2.85 2.80
13 4.67 381 3.41 3.18 3.03 292 2.83 2.77 - 2.71
14 4.60 374 3.34 3.1 2.96 2.85 2.76 2.70 2.65
15 4.54 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59
16 4.48 3.63 3.24 3.01 2.85 2.74 2.66 259 - 2.54
17 4.45 3.59 3.20 2.96 2381 2.70 2.61 2.55 2.49
18 4.41 3.55 3.16 2.93 297 2.66 2.58 2.51 2.46
19 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.48 2.42
20 4.35 3.49 3.10 2.87 2.71 2.60 251 2.45 2.39
21 4.32 347 3.07 '2.84 2.68 2.57 2.49 2.42 2.37
22 4.30° 3.44 3.05 2.82 2,66 2,55 2.46 2.40 2.34
23 4.28 3.42 3.03 2.80 2.64 2.53 2.44 2.37 2.32
24 4.26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30
25 4.24 3.39 299 . 276 2.60 2.49 2.40 2.34 228
26 4.23 3.37 2.98 2.7 2.59 2.47 2.39 2.32 2.27
27 4.21 3.35 2.96 2.73 2,57 2.46 2.37 2.31 2.25
28 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24
29 4.18 3.33 2.93 2.70 2.55 2.43 2.35 2.28 2.22
30 417 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21
40 4.08 323 2.84 2.61 2.45 2.34 225 - 218 2.12
60 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04
120 3.92 3.07 2.68 2.45 2.29 2.18 2.09 2.02 1.96

0o 3.84 3.00 2.60 2.37 2.91 210 2,01 1.94 1.88-
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Table.Critical Values of the F: _Distribution (continued)

fo.os{vi, v2)
vy
10 12 15 20 24 30 40 60 120 oo

241.88  243.91 24505 24801 24905 250.10 25114 25220 253.25 254.31
1040 1941 1943 1945 1945 1946 1947 1948 1949 1950
370 874 870 866 864 862 859 857 855 853
596 501 586 580 577 575 572 560 566 563
474 468 462 456 453 450 446 443 440 436

4.06 4.00 3.94 3.87 3.84 3.81 3.7 3.7 3.70 3.67
3.64 3.57 3.51 3.44 341 3.38 3.34 3.30 3.27 3.23
3.35 3.28 3.22 3.15 3.12 3.08 3.04 30 2.97 2.93
3.14 3.07 3.01 2.94 2.90 2.86 2.83 2.79 2.7 2.71
10 2.98 2091 2.85 2.7 2.74 2.70 2.66 2.62 2.58 2.54

11 2.85 2.79 272 2.65 2.61 2.57 2.53 2.49 2.45 240
12 2.75 2.69 2.62 2. 2.51 247 243 238 2.34 230
13 2.67 2.60 253 2.46 242 238 2.34 2.30 2.25 2.21
14 2.60 2.53 246 2.39 2.35 231 2.27 2.22 2.18 2.13
15 2.54 248 2.40 233 2.29 2.25 2.20 2.16 2.11 2.07

16 249 2.42 2.35 2.28 2,24 2.19 2.15 2.11 2.06 2.01
17 245 2,38 231 2.23 2.19 215 210 2.06 2.01 1.96
18 24 2.34 2.27 2.19 2.15 2.11 2.06 2.02 1.97 1.92
19 2.38 231 2.23 2.16 a1 2.07 2.03 1.98 1.93 1.88
20 235 2.28 2.20 212 2.08 2.04 1.99 195 . 190 1.84

21 232 2,25 218 2,10 2,05 201 1.96 1.92 1.87 1.81
22 2.30 2.23 2.15 2.07 203 1.98 1.94 1.89 1.84 1.78
23 2.27 2.20 213 2.05 2.01 1.96 1.91 1.86 1.81 1.76
24 225 2.18 2.11 2.03 1.98 1.94 1.89 1.84 | 1.73
25 2.24 2.16 209 2.01 1.96 1.92 1.87 1.82 1.77 1.71

26 2.22 2.15 2.07 1.99 1.95 1.90 1.85 1.80 1.75 1.68
27 2.20 2.13 2.06 197 1.93 1.88 1.84 1.79 1.73 1.67
28 2.19 212 2.04 1.96 1.91 1.87 1.82 1.7% 171 1.65
20 218 2.10 203 1.94 1.90 1.85 1.81 175 1.70 1.64
30 2.16 2.09 201 1.93 1.89 1.84 1.79 1.74 1.68 1.62

410 2,08 2.00 1.92 1.84 L.79 1.74 1.69 1.64 1.58 1.5
60 1.99 192 184 1.75 1.70 1.65 1.59 1.53 1.47 1.39
120 1.91 1.83 1.79 1.66 161 1.55 1.50 143 1.35 1.25
oo 1.83 1.75 1.67 1.37 1.52 1.46 1.39 1,32 1.22 1.00

DoNG k[T
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Table%:ritical Values of the T-Distribution
o

0.40 0.30 0.20 0.15 0.10 0.05 0.025

v

1 1 0.325 - 0.727 1.376 1.963 3.078 6.314 12.706
- 2 0.289 0.617 1.061 1.386 1.886 2.920 4.303
3 0.277 0.584 0.978 1.250 1.638 2.353 3.182
4 0.271 0.569 0.941 1.180 1.533 2.132 2.776
5 0.267 0.559 0.920 1.156 1476 2.015 257
6 0.265 0.553 0.906 1,134 1.440 1043 2447
7 0.263 0.549 0.896 1.119 1.415 1.895 2.365
8 0.262 0.546 0.889 1.108 1.397°  1.860 2.306
9 0.261 0.543 0.883 1.100 1.383 1.833 2.262
10 0.260 0.542  0.870 1.093 1.372 1.812 2.228
11 0.260 0.540 0.876 1.088 1.363 1.796 2.201
12 0.259 0.530 0.873 1.083 1.356 1.782 2,179
13 0,259 0.538 0.870 1.079 1.350 1.7 2.160
14 0.258 0.637 0.868 1.076 1.345 1.761 2.145
15 0,258 0.536 0.866 1.074 1.341 1.753 2131
16 0.258 0.536 0.865 = 107 1.387 1.746 2.120
17 0.257 0.534 0.863 1.069 1.333 1.740 2.110
18 0.257 0.534 0.862 1.067 1.330 1.734 2.101
19 0.257 0.633 0.861 1.066 1.328 1.729 2.003
20 0.257 0.533 0.860 1.064 1.325 1725 2.0806
21 0.257 0.532 0.859 1.063 1.323 1.721 2,080
22 0.256 0.532 0.858 1.061 1.321 1.717 2.074
23 0.256 0.532 0.858 1.060 1.319 1.714 2.069
24 0.256 0.531 0.857 1.059 1.318 1.711 2.064
25 0.256 0.531 0.856 1.058 1.316 1.708 2.060
26 0.256 0.531 0.856 1.058 1.315 1.706 2.056
27 0.256 0531. 0.85 1.057 1.314 1.703 2,052
28 0.256 0.530 0.855 1.056 1313 1.701 2.048
29 0.256 0.530 0.854 1.055% 1.311 1.699 2045
30 0.256 0530  0.834 1.055 1.310 1.697 2.042
40 0235 0529 0.851 1.050 1.303 1.684 2.021
60 0.254 0.527 0.848 1.045 1.206 1.671 2.000
120 0.254 0.526 0.845 1.041 1.289 1.658 1.980

oo 0.253 0.624 0.842 1.036 1.282 1.645 .1.960
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Tablee%jritical Values of the T-Distribution (continued)
: , o

. 0.02 0.015 0.01 0.0075 0.005 0.0025 0.0005

1 15804 21205  31.821 42433 63.656 127.321 636.578

2 4849 5643 . 6.965 8.073 9.025 - 14.089 31.600

3 3482 3.806  4.541 5.047 5.841 7.453 12.924

4 2999 3208 3747 4,088 4.604 5.508 8610

5 2757 3.003  3.365 3.634 4.032 4.773 6.869

6 2612 2820 3243 3.372 3.707 4317 5.959

7 2517 25715 2.998 3.203 3.499 4.020 5.408

8 2449 2.634 2.896 3.085 3.35% 3.833 5.042

9 2398 2.574 2,821 2908 . 3.250 3.690 . 4.781
10 2359 2527 2.764 2932 3109 3.581 4.587
11 2.328 2.491 2.718 2,879 3.106 3.497 4.437
12 2.303 2.461 2.681 2.836 3.055 3.428 4.318
13 2982 2436 2.650 _2.801 3.012 3.372 4.221
14 2264 2415 2.624 2,771 2077 3.326 4.140
15 2249 2397 2.602 2746 2.947 3.286 4.073
16 2235 2382  2.583 2724 2.921 3.252 4.015
17 2224 2368  2.567 2.706 2,898 3.222 3.965
18 2214 235  2.552 2.689 2.878 3.197 3.022
19 2205 2.346 2.539 2.674 2.861 3.174 3.883
20 2197 2336 2528 2.661 2.845 3153 3.850
21 2189 2328  2.518 2.649 2.831 3.135 3.819
22 2183 2320 2.508 2.639 2,819 31190 3.792
23 2177 2313 2.500 2.629 2.807 3.104 3.768
24 2172 2807 2402 2620  2.707 3.091 3.745
25 2167 2.301 2.485 2.612 2.787 3.078 3.725
26 . 2162 2206 2479 2,605 2.779 3.067 3507
27 2158 2.291 2473 2,598 2.771 3.057 3.689
28 2154 2.986 2467 2.592 2.763 3.047 3.674
29 2150 2282 2.462 2,686 2.756 3.038 3.660
30 2147 2.278 2.457 2,681 2.750 3.030 3.646
40 2123 2,250 2.423 2,542 2,704 2.071 3.561
60 2000 2228 2300 2504 2.660 2,915 3.460
120 2.076 2.196 2.358 2,468 2.617 . 2.860 3.373
oo 2054 2170 2.326 2.432 2576 2,807 3.200
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B.1 Areas under the Normal Lurve

itz = 1.96, then
P{umacuﬂso.
22— " 1.06
x a.00 00y 0.02 0o3 004 008 0.06 007 .08 0.09
0.0 0.0000 0.0040 ©.0080 0.0120 0.0160 099 - 0.0239 0.0279 50919 00359
ot 0.0398 0.0438 0.0470 - 0.0517 0.0657 00505 0.0636 0.0676 20714 0.0753
.02 0.0793 0.0832 0.0871 00910 0.0048 04987 0.1026 0.1054 01103 0.1741
0.3 04179 0.7 0.1255 BRAE: 0.1333 0.13%8 0.1405 0.1443 01460 0.1517
0.4 0.1554 01591 0.1628 0.1664 01700 0.1736 0.1772 0.i80% p.1544 01879
05 6.1915 RL 0.1685 0.2019 1.2064 0.2088 0.2123 0.2157 0.2190 02224
(Y 0287 0.2201 . 0.2324 0.2367 0.2389 0.7422 0.2454 0.2486 0.2517 0.2549°
07 0.2580 0.2611 0.2642 0.2673 0.2704. 02734 0.2764 0.2724 0.2823 0.2852
0B 0.28B% 02010 0.2030 0.2867 0.2095 0.3023 0.3051 0.3078 0.3106 - 03133
0.9 03159 03186 0.5212 3258 0.3264 03289 0.3315 0.3340 0.3365 -(1.3389
10 ©0.2418 £.3438 0.3481 0.348% 02508 0.3531 0.3554 ¢.877 0.8559 07621
11 0.364% 0.8865 0.3688 0ans ‘6.8720 0.8749 08770 0.3790 D.2840 0.3530
12 03848 0.3860 03839 | 0.3807 0.3025 0.3044 0,3962 0.9580 03997 .45
13 0.4032 0.4044 0.4086 0.5082 0.4009 0.4415° £.4131 0.4147 D.A162 0.£177
14 0.4192 0.4207 0.4322 0.4236 04254 0.4285 0.4279 0.4252 0.4308 04319
15 0.4332 04345 04367 04370 04337 . DA 0.4408 {4418 0.4420 6.4441
1.8 04452 , 04453 D.4574 0.4484. 0.4485 04505 04515 0.4525 0.4535 04546
1.7 (.4554 0.AEGS 0.4573 n.4582 0.4501- 0.4589 - 0.4808 04616 0.4625 0.4533
t.8 0.4641 0.4640 04656 6. AGB4 0.4671 0.4678 0.4686 0.4603 . 04699 0.4706
18 0.4718 0.4719 0.4726 0.4732 04738 0.4744 0.4750 0.4756 0.4761 0.4TG7
20 04772 04778 0.4783 0.4748 T 04793 04763 0.4803 0.4808 0.4812 0.4817
24 0.4821 0.4828 0.4830 DABGS 0.4838 0.4847 (.4B46 f.4850 0.4554 0.4857
2.2 0.4861 0.4R64 b.4868 D.ABT1 0.4876 0.4878 0.4881 0.4384 0.4887 0.4690
23 0.4893 (4896 0.4898 0.481 0.4904 - 0.4906 0.4909 0.4911 44813 0.4916
24 0.4918 0.4920 0.4922 0.4925 0.4927 (4929 04931 0.4932 0.4934 - 0.4925
2.5 04938 0.4040 0.4541 0.4943 0.4915 0.4045 0.4048 0.4949 0.4851 04952
286 D0.4953 0.4955 0.4956 0.4857 D.4G58 - 04960 1.4961 0.4952 0.4953 0.4964
27 0.4965 0.4956 0.4967 04968 04969 T 0.4970 T 04971 0.4972 0.,4972 0.4974
2.8 0.4974 0.4875 D.4975 04977 0.4977 0.4978 0.4979 0.4972 - {.4380 0.498%
28 D.4981 0.4982 0.4982 0.4983 . 0.4984 0.4984 04885 0.4985 0.4986 0.4986
3.0 0.4987 0.4987 0.4987 0.4988 0.4938 0.4989 - 0.4989 0.4983 - 0.4990 0.'4930
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SECTION - A
There are FOUR questions in this section. Answer any THREE questions.

1. (a) "An engineer who is unprepared to excel at engineering economy is not properly
equipped for his or her job." — Do you agree with the statement? Justify your answer. (7)

(b) A company produces a lithium-ion battery pack that is used in Electric Vehicles
(EVs). The fixed cost is BDT 1,000,000 per month, and the variable cost is BDT
10,000 per unit. The selling price per unit, p = BDT 20,000 — 2(D). For this situation,
(i) determine the optimal volume for maximum revenue and total revenue and profit at
this volume, (ii) determine the optimal volume for this product for maximum profit and
total revenue and profit at this volume, (iii) find the volumes at which breakeven’
occurs, (iv) Draw demand vs. revenue, fixed cost, and variable cost curve; show

volumes for maximum revenue and profit, breakeven points and profit area for this

case. ' ' (16 %)

2. ' (a) A municipal solid-waste site for a city must be located at Site A or Site B. After
sorting, some of the solid refuse will be transported to an electric power plant where it

will be used as fuel. Data for the hauling of refuse from each site to the power plant are

shown below. - _ (15)
Site A Site B
Average hauling distance 4 miles 3 miles
Annual rental fee for solid-waste site  BDT 500,000 BDT 10,000,000 .
Hauling cost . BDT 150/yd3-mile BDT 150/yd*-mile

If the power plant will pay BDT 800 per cubic yard of sorted solid waste delivered to
the plant, where should the solid-waste site be located? Use the city's viewpoint and
assume that 200,000 cubic yards of refuse will be hauled to the plant for one year only.
One site must be selected. '

(b) A bank purchased car and sold it to an individual at a profit. Profit is calculated at
12% (compounding) on bank's purchase price of BDT 3,000,000. The person is to
repay the money by uniform annual payments for 10 years, beginning 1 year from now.

Calculate the annual payments and draw a cash flow diagram for this case from the

bank's perspective. (8 %)

Contd ...... P/2
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3.

(a) In 2010, local banks sold US dollars to importers at a rate of BDT 70. In 2022 they
are selling dollars at a rate of BDT 105. Using compound interest formula (i) Calculate
the rate of increase of dollar price from 2010 to 2022. (i1) If the rate of increase remains
the same, how long will it take to reach the dollar price to BDT 1307? (i11)) How much

money in 2010 is equivalent to a BDT 1000 note today? Assume interest rate is same

as the rate of increase of dollar price calculated earhier. (10 %)

(b) An engineer joined a company in January 2010 with a lump-sum salary of BDT
50,000 per month. The company has been giving him an annual increment of 5% (not
compounded) of his starting salary at the end of each year -since 2010 for his
experience in the job. (i) Draw the cash flow diagram of his salary payments from 2010
to 2021. Assume 12 monthly payments for a year as a single end of year payment. (i1)
What is the present equivalent of his salary payments if monthly compounded at a

nominal rate of 12% annuaily? What is the actual rate of increase of his salary in terms

of dollars? Assume the same rate of increase in USD price calculated in question 3(a). (13)

(a) Sharif just purchased a new sports car and wants to also set aside cash for future
maintenance expenses. The car has bumper-to-bumper warranty for the first five years.
Sharif estimates that he will need approximately BDT 120,000 per year in maintenance
expenses for years 6-12, at which time he will sell the vehicle. How much money
should Sharif deposit into an account today, with 11% per interest year, so that he will

have sufficient funds in that account to cover his projected maintenance expenses?
Draw also the cash flow diagram for the problem. (8)

(b) My 1998 Toyota corolla is quite functional, but it only averages 20 miles per gallon
(mpg). | have found a somewhat newer vehicle (roughly the same functionality) that
averages 25 mpg. T can sell my current car for BDT 1,000,000 and purchase the newer
vehicle for BDT 1,500,000. Assume a cost of gasoline BDT 500 per gallon. (i) How
many miles per year must I drive if I want to recover my investment in five years? (ii)
If drive 20,000 miles per year and gas price increases by 20%, should I sell my old

Toyota corolla? Assume an interest rate of 10%, zero salvage value for either vehicle

after twelve years, and identical maintenance cost. (15 %)

SECTION -B
There are FOUR questions in this section. Answer any THREE.
Assume reasonable values for missing data, if any.

Six mutually exclusive projects are given in the following table. Useful life of each
alternative is 10 years and the MARR = 10%. Perform an incremental internal rate of
return (IRR) analysis and decide which project we should select based- on the

: 1
incremental IRR. 23 -)
3

Contd ...... P/3
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Table for Question 5.

A B

C D E F

Capital Investment 900 1,500 2,500 4,000 5,000 7,000

Annual net income 150 276

400 925 1,125 1,425

6. (a) Which of the following alternatives should be selected if the study period is 6 years
and the MARR 1s 20%? Use the annual worth (AW) method to compare the

alternatives.

Investment
Annual expenses
Useful life (years)

Salvage value

1
(152)
A B
33,200 47,600
2,165 1,720
5 9
0 5,000

(b) What is meant by 'capital recovery (CR)'? Present a cash flow diagram to support

your answer. How can you calculate CR?

8)

7. (a) Consider the following proposed capital investment in an engineering project and

determine its annual equivalent economic value added (EVA). (13 %)
Proposed capital investment = | $84,000
Salvage value (end of year four) | = | $0
Annual expenses per year = | $30,000
Gross revenues =1 §$70,000
Depreciation method = | Straight line
Useful life = | four years
Effective income tax rate (t) =1 50%
After-tax MARR (i} = | 12% performance year
(b} A new electric saw for cutting smali pieces of lumber in a furniture manufacturing
plant has a cost basis of $4,000 and a 10-year depreciable life. The estimated salvage
value (SV) of the saw is zero at the end of 10 years. Use the Declining Balance (DB)
method to calculate the annual depreciation amounts when a 200% DB is used.
(10)

Tabulate the annual depreciation amount and Book Value (BV) for each year.
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8.  Tempe is considering four mutually exclusive public-works projects. Their costs and

benefits are presented in the table below. Each project has a useful life of 50 years, and

the MARR is 12% per year. Which of the projects, if any, should be selected?

Table for Question 8.
A B C D
Capital investment $23,000,000 $18,000,000 | $31,000,000 { $26,000,000
Annual  operation  and | 1,800,000 1,200,000 2,100,000 2,000,000
maintenance cost
Market value 2,400,000 | 2,200,000 | 4,000,000 | 3,100,000
Annual benefit 5,000,000 | 4,500,000 | 6,500,000 | 5,800,000

(23)
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SECTION - A
There are FOUR questions in this section. Answer any THREE questions.

1.  (a) A 200-mm-diameter pulley is prevented from rotating relative to 60-mm-diameter
shaft by a 70-mm-long key, as shown in Fig. for Q. 1(a). If a torque T = 2.2 kNm is
applied to the shaft, determine the width b if the allowable shearing stress in the key is

60 MPa. (15)

- ’ -‘1 -

Shiaft 60 mriv "
Fig. for Q. 1(a)

(b) The rigid bar AB, attached to two vertical rods as shown Fig. for Q. 1(b), was

horizontal before the load P is applied. Determine the vertical movement of P if its

magnitude is 50 kN. (20)

Fig. for Q. 1(b)
Contd ...... P/2
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2. {(a) The fixed-end bar ABCD consists of three prismatic segments, as shown in the Fig.
for Q. 2(a). The end segments have cross-sectional area A; = 840 mm? and length L, =

200 mm. The middle segment has cross-sectional area Az =1260 mm? and length L, =
250 mm. Loads Pg and P¢ are equal to 25.5 kN and 17.0 kN, respectively.

(1) Determine the reactions Ra and Rp at the fixed supports.

(i1) Determine the compressive axial force Fc in the middie segment of the bar.

' Fig. for Q. 2(a)
(b) As shown in Fig. for Q. 2(b), there is a gap between the aluminum bar and the rigid
slab that is supported by two copper bars (fixed support.) At 10°C, A = 0.18 mm.
Neglecting the mass of the slab, calculate the stress in each rod when the temperature
in the assembly is increased to 95°C. For each copper bar, A = 500 mm?, E = 120 GPa,
and o = 16.8 um/(m °C). For the aluminum bar, A = 400 mm?, E = 70 GPa, and o =

23.1 um/(m °C).

-Alurhinurm R

Copper

Fig. for Q. 2(b)

(20)

(15)
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3. (a) A rigid bar, hinged at one end, is supported by two identical springs as shown in
Fig. for Q. 3(a). Each spring consists of 20 turns of 10-mm wire having a mean

diameter of 150 mm. Compute the maximum shearing stress in the springs. Neglect the

mass of the rigid bar.

Fig. for Q. 3(a)
(b) A crane hook of rectangular cross-section supports a load P = 40 kN as shown in

Fig. for Q. 3(b) below. Determine the normal stresses at the points A and B.

I BDEBEHN,

Fig. for Q. 3(b)

4. (a) The stress element shown in Fig. for Q. 4(a) has ox = 4800 psi, oy = 0 and
Txy = = 2000 psi. Determine the principle stresses, maximum shearing stress and the

planes on which these stresses act. Solve the problem using Mohr's circle and show

your answers on a complete sketch of a differential element.

y| ‘J:‘

t
|
.
— I i'_.‘2_000,
'*"";lé 4 :] -
! 4800
_ e {

_ Fig. for Q. ;1(a)_

13)

(20)

(20)
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(b) A bolt is subjected to a tensile load of 18 kN and a shear load of 12 kN. The
material has a yield stress of 328.6 MPa. Taking factor of safety of 2.5, determine the

core diameter of bolt according to the following theories of failure.

(i) Rankine's theory
(ii) Saint Venant's theory. Take poison ratio as 0.298

SECTION-B
There are FOUR questions in this section. Answer any THREE.

5. (a) The compound shaft shown in Fig. for Q. 5(a) is attached to rigid supports. For the
bronze segment AB, the diameter is 75 mm, T < 60 MPa, and G = 35 GPa. For the steel
segment BC, the diameter is 50 mm, 1 < 80 MPa, and G =83 GPa. [fa=2mand b=

1.5 m, compute the maximum torque T that can be applied.

Fig. for Q. S(a)

(b) A spherical gas tank is fabricgted by bolting together two hemispherical thin shells.
If the 8-m inner diameter tank is to be designed to withstand a gauge pressure of 2
MPa, determine the minimum wall thickness of the tank and the minimum number of
25-mm diameter bolts that must be used to seal it. The tank and the bolts are made

from material having an allowable normal stress of 150 MPa and 250 MPa,

respectively.

6. (a) The beam as shown in Fig. for Q. 6(a) is subjected to the linearly varying

distributed load. Determine the maximum slope and maximum deflection of the beam

* using the method of integration. El is constant.

|

(13)

(20)

(15)

(20)
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{b) The composite beam as shown in Fig. for Q. 6(b) is made of 6061-T6 aluminum
(A) and C83400 red brass (B) having modulus of elasticity of 69 GPa and 101 GPa
respectively. Determine the maximum moment that can be applied to the beam if the

height # = 40 mm, the allowable bending stress for the aluminum is 128 MPa and for
the brass is 35 MPa. (15)

Fig. for Q. 6(b)

7. For the loaded simple beam shown in Fig. for Q. 7 ' (3 5)

(a) Use method of sections to derive the shear force and bending moment as functions
of x over the entire beam;
(b) Draw the shear force and bending moment diagrams;

(c) Determine the maximum magnitudes of the shear and moment.

Fig. for Q. 7
Contd ...... P/2
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8. (a) The W250 X 28 A-36-steel column as shown in Fig. for Q. 8(a) is fixed at its base.
Its top is constrained to rotate about the y-y axis and free to move along the y-y axis. If
¢ = 350 mm, determine the allowable eccentric force P that can be applied without
causing the column either to buckle or yield. Use F.S. = 2 against buckling and F.S. =

1.5 against yielding. Modulus of elasticity and yield strength are respectively 200 GPa
and 250 MPa, (20)

Fig. for Q. 8(a)
{b) Determine the slope and deflection at C as shown Fig. for Q. 8(b) using Moment

Area Method. El is constant. - (15)




BN
LTy

-l‘.".;. -
Page X |
o .
| Tableﬁ:,Geometric Properties of Structural Shapes

NIl
o %?é‘féaﬁﬁﬁﬁ ;
TR T A | S

S0 1_35 mmy
dolal ]

S ey
il

] N v o [ B It A R
{9’ .'r‘nr'rl\):‘*?'éj 0 mmy,
: 8] YRR

G4

A m,g?j t;ﬁ"

o

=i




[

Poge

: Geonietric Propérties of Structural Shapes (cont.)

4 Table}/

. . —

S AR A S |
Brnge s i e
Rt o

i)

tHA By ]

T¥,

A Eﬁu ﬁ;' ke % PR YR
i || hﬂé’éﬁjﬁﬂ ALE E}_ﬁﬂ» t

e By Boto e
et i
o O 0% e i
=

| [
T AL T it

ks

i ERrF Mk
b ?.. g ke oy R ]
3 5 MG
0 !

4
i
ol

2R g
¥

R
2%,

SeRiat

8
faared

g
L3ing

Fossee

A=

iR g

: 5;68 o]

B

R

M. b

T T R i



L-2/T-2/1PE | Date : 25/09/2022
BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY, DHAKA
[.-2/T-2 B. Sc. Engineering Examinations 2020-2021

. Sub: ME 265 (Thermodynamics and Heat Transfer)
Full Marks : 280 Time : 3 Hours

The figures in the margin indicate full marks.
Symbols indicate their usual meaning. Assume any missing data.
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SECTION - A
There are FOUR questions in this section. Answer any THREE.

1. (a) What is the physical significance of the compressibility factor Z? (8)
(b) A 1-m’ tank containing air at 25°C and 500 kPa is connected through a valve to another
tank containing 5 kg of air at 35°C and 200 kPa. Now the valve is opened, and the entire
system is allowed to reach thermal equilibrium with the surroundings, which are at 20°C.
Determine the volume of the second tank and the final equilibrium pressure of air. (18)
(c) A piston-cylinder device contains 0.15 kg of air initially at 2 MPa and 350°C. The air
is first expanded isothermally to 500 kPa, then compressed polytropically with a
polytropic exponent of 1.2 to the intial pressure, and finally compressed at the constant
pressure to the initial state. Determine the boundary work for each process and the net

work of the cycle. (20 %)

2. (a) Steam flows steadily through an adiabatic turbine. The inlet conditions of the steam
are 10 MPa, 450°C, and 80 m/s, and the exit conditions are 10 kPa, 92 percent quality,
and 50 m/s. The mass flow rate of the steam i1s 12 kg/s. Determine (i) the change in
kinetic energy, (ii) the power output, and (iii) the turbine inlet area. : (22)
(b) Liquid water at 200 kPa and 20°C is heated in a chamber by mixing it with
superheated steam at 200 kPa and 150°C. Liquid water enters the mixing chamber at a
rate of 2.5 kg/s, and the chamber is estimated to lose heat to the surrounding air at 25°C
at a rate of 1200 kJ/min. If the mixture leaves the mixing chamber at 200 kPa and 60°C,

determine (i) the mass flow rate of the superheated steam and (ii) the rate of entropy

generation during this mixing process. , (24%)

1200 Kfmin
i

MIXING B 60°C
CHAMBER

200 kPo

F',a. ‘!»b‘\" Quan. No. l(b)
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3. Consider a steam power plant that operates on a reheat Rankine cycle and has a net power
output of 80 MW. Steam enters tﬁe high-pressure turbine at 10 MPa and 500°C and the
low-pressure turbine at 1 MPa and 500°C. Steam leaves the condenser as a saturated
liquid at a pressure of 10 kPa. The isentropic efficiency of the turbine is 80 percent, and
that of the pump is 95 percent. Draw the schematic diagram of the cycle. Also, show the
cycle on a 7-s diagram with respect to saturation lines, and determine (i) the quality (or

temperature, if superheated) of the steam at the turbine exit, (ii) the thermal efficiency of

the cycle, and (iii) the mass flow rate of the steam, (46%)

4. (a) Refrigerant-134a enters the compressor of a refrigerator as superheated vapor at 0.14
MPa and -10°C at a rate of 0.12 kg/s, and it leaves at 0.7 MPa and 50°C. The refrigerant
is cooled in the condenser to 24°C and 0.65 MPa, and it is throttled to 0.15 MPa.
Disregarding any heat transfer and-pressure drops in the connecting lines between the
components, show the cycle on a 7-s diagram with respect to saturation lines, and
determine (i) the rate of heat removal from the refrigerated space and the power input to

the compressor, (ii) the isentropic efficiency of the compressor, and (iii) the COP of the
refrigerator. : , (26%)
(b) Draw the schematic and 7-s diagram of an ideal Brayton cycle with intercooling and
reheating. What are the effects of intercooling and reheating on the net work output of a

gas turbine engine? (20)

SECTION-B
There are FOUR questions in this section. Answer any THREE.

5. (a) Write short notes on Thermal Contact Resistance. 8%)

(b) What is the physical significance of critical radius of insulation? An electrical wire at
90°C is covered by 0.02-m-thick plastic insulation (k = 0.075 W/m.°C). The wire is
exposed to a medium at 50°C, with a combined convection and radiation heat transfer
coefficient of 2.5 W/m?.°C. Determine if the plastic insulation on the wire will increase
or decrease heat transfer from the wire. (13)
{c) A 4-m-high and 6-m-wide wall consists of a long 18-cm x 30-cm cross section of
horizontal bricks (¢ = 0.72 W/m.°C) separated by 3-cm-thick plaster layers
{(k=0.22 W/m.°C) as shown in Figure Q. 5(c). There are also 2-cm-thick plaster layers
on each side of the wall, and a 2-cm-thick rigid foam (& = 0.026 W/m.°C) on the inner
side of the wall. The indoor and the outdoor temperatures are 22°C and —4°C, and the

convection heat transfer coefficients on the inner and the outer sides are &) = 10 W/m2.°C
and hy = 20 W/m2.°C, respectively. Assuming one-dimensional heat transfer and

disregarding radiation, determine the rate of heat transfer through the wall. (25)
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1.5¢cm
F'.a. Lor
Quen. Npo, cm
S(e)
1.5 em

6. (a) What is the physical significance of the Prandtl number? Explain by drawing
hydrodynamic and thermal boundary layer. (10%)

(b) Describe with a schematic diagram the development of the thermal boundary layer in
a tube where the tube surface is hotter than the fluid. (13)
(c) The top surface of the passenger car of a train moving at a velocity of 70 km/h is 2.8 m
wide and 8 m long. The top surface is absorbing solar radiation at a rate of 200 W/mz, and
the temperature of the ambient air is 30°C. Assuming the roof of the car to be perfectly

insulated and the radiation heat exchange with the surroundings to be small relative to

convection, determine the equilibrium temperature of the top surface of the car. The

properties of air at 30°C are Pr = 0.7282, k= 0.02588 W/m.°C, v = 1.608 x 10~ m%s. (23)

i
Air 200 Wim® 1
=3 ¥=70kmh '

=3 e A S :

,:-p-ﬁyt—_-t_ln R =" ST
L. A D4
PCURSC RS PR
L L 1 O . A,

£y, Aow Quen. No, 6(c)
7. (a) Determine the view factors Fi3 and Fj3 between the rectangular surfaces shown in

Figure Q. 7(a). ' ‘ (20%)

1;:_:‘_"..’."._ ] m

Y
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(b) The components of an electronic system dissipating 180 W are located in a 1-m-long
horizontal duct whose cross section is 16 cm x 16 cm. The components in the duct are
cooled by forced air, which enters at 27°C at a rate of 0.65 m°/min. Assuming 85 percent

of the heat generated inside is transferred to air flowing through the duct and the

remaining 15 percent is lost through the outer surfaces of the duct, determine (i) the exit

temperature of air and (ii) the highest component surface temperature in the duct.

" _—

i |
i‘ Air duct Properties of air :
! lﬁcm p=1.1451\'8/m3 l

k=0.02625W/m.eC | i

; . ' .52 i
A : T lm 1 =1.655x10" m-/s| .
zyof- At ¢, =1007 Jkg.°C

0.65 m/mi
v imin Pr = 0.7268

— ———— ——— -

F}al ’kx- QLQQ/)' ND. ?(\o)

. (a) Does the efficiency and effectiveness of a fin increase or decrease as the fin length is

increased? If the effectiveness of a fin is 0.9, do you think the rate of heat transfer from

the surface has increased or decreased as a result of the addition of these fins?

(b) Write short notes on Fouling in heat exchanger. ’

(c) A double-pipe parallel-flow heat exchanger shown in Figure Q. 8(c) is to heat water
(cp = 4180 1/kg.°C) from 25°C to 60°C at a rate of 0.2 kg/s. The heating is to be
accomplished by geothermal water (¢, = 4310 J/kg.°C) available at 140°C at a mass flow
rate of 0.3 kg/s. The inner tube is thin-walled and has a diameter of 0.8 cm. If the overall

heat transfer coefficient of the heat'exchanger is 550 W/m2.°C, determine the length of

the tube required to achieve the desired heating.

60°C
| S
. |
Brine
A0 ;
140 C [risker s i Sy a
—— T e

SRR T TR |

* Water
25°C

F;a. o Queh. No, %(C.)

(26)

(1025)
(10)

(26)



olar mass, gas constant, and critical-point properties

Critical-point properties

Gas

Molar mass, constant, Temperature, Pressure, Volume,
Substance Formula M kg/kmol R¥J/kgK® K MPa m*kmol
Air —_ 28.97 0.2870 132.5 3.77 0.0883
Ammania NH, 17.03 0.4882 405.5 11.28 0.0724
Argon Ar 39.948 0.2081 151 4.86 0.0749
Benzene CgHs 78.115 0.1064 362 4.92 0.2603
Bromine Br, 159.808 0.0520 584 10.34 0.1355
a-Butane CHy 58.124 0.1430 4252 3.80 0.2547
Carbon dioxide Cco, 44.01 0.1889 304.2 139 0.0943
Carbon monoxide Co 28.011 0.2968 133 3.50 0.0930
Carbon tetrachloride CCL, 15382 0.05405 556.4 4.56 0.2759
Chlorine Cl, 770906 o1’ 417 7.71 0.1242
Chioroform CHCI, 119,38 0.06964 536.6 547 0.2403
Dichiorodifluoromethane (R-12) CCI,F, 12091 0.06876 384.7 4.01 0.2179
Dichlorofluoromethane (R-21)} CHCI,F 102.92 0.08078 451.7 5.17 0.1973
Ethane H, 30.070 0.2765 305.5 4.48 0.1480
Ethyl alcohol CH,OH 46.07 0.1805 516 6.38 0.1673
Ethylene CH, 28.054 0.2964 2824 5.12 0.1242
Helium He 4.003 2.0769 5.3 0.23 0.0578
n-Hexane CH,, 86.179 0.09647 507.9 3.03 0.3677
Hydrogen (normal) H, 2.016 4.1240 333 1.30 0.0649
Krypton Kr 83.80 0.09921 2094 5.50 0.0924
Mcthane CH, 16.043 0.5182 191.1 4.64 0.0993
Methyl alcohol CH,OH 32.042 0.2595 513.2 7.95 0.1180
Methyl chloride CH,Cl 50.488 0.1647 4163 6.68 0.1430
Neon Ne 20.183 0.4119 44.5 273 0.0417
Nitrogen N, 28.013 0.2968 126.2 139 0.0899
Nitrous oxide N,0 44013 0.1889 309.7 127 0.0961
Oxygen 0, 31.999 0.2598 154.8 5.08 0.0780
Propane C,yH, 44.097 0.1885 370 4,26 0.1998
Propylene CH, 42081 0.1976 365 4.62 0.1810
Sulfur dioxide S0, 64.063 0.1293 430.7 7.88 0.1217
Teirafluorocthane (R-134a) CF,CH,F 102.03 0.08149 3742 4.059 0.1993
Trichlorofluoromethane (R-11) CCi,F 1372.37 - 0.06052 471.2 438 0.2478
Water H,0 18.015 04615 647.1 2206 0.0560
Xenon Xe 131.30 0.06332 289.8 5.88 0.1186

“The unit kg K is equivalent 1o APa-m'fkg K. The gas cunsiant i calcutated from R = RJM, where R, = 331447 Kkmol-K and M is the molor minss.

Source of Datie: K. A, Kobe and R. E. Lynn, Jr., Chemicol Review 32 (1953), pp, 117-236; and ASHRAE. Hundhnok of Fandamentols (Atlama. GA: American Suciery of Heating,
Refrigesating and Air-Conditioning Engineens, [nc., 1993, pp. 16,4 and 36.).



ideal-gas specilic heats of various commaon gases (Cbmiriue&)

(b} At various lemperatures

<, c, <, c, c, ,
Temperature, kg K kg K k kIfkg K kl/keg K k kg K kg K k
K Air Carbon dioxide, CO, Carbon monoxide, CO
250 1.003 0.716 1.401 0.791 0.602 1314 1.039 0.743 1.400
00 1.005 0.718 1.400 0.846 0.657 1.288 1.040 0.744 1.399
350 1.008 0.72) 1.398 0.895 0.706 1.268 1.043 0.746 1.398
400 1.013 0.726 1.395 0.939 0750 1.252 1.047 0.751 1.395
450 1.020 0.733 1391 0.978 0.790 1.239 1.054 0.757 1.392
500 1.029 0.742 1:387 1.014 0.825 1.229 1.063 0.767 1.387
550 1.040 0.753 1381 1.046 0.857  1.220 1.075 0.778 1.382
600 1.051 0764 1376 .1 - 1075 0886 . 1213 1.087 0.790 1.376
650 1.063 0.776 1.370 1:102 0913 1.207 1.100 0.803 1.370
700 1.075 0.788 1.364 1.126 0.937 1.202 1.113 0.816 1.364
750 1.087 0.800 1:359 1.148 0.95% 1.197 1.126 0.829 1.358
800 1.099 0.812 ‘1,354 1.169 098¢ 1,193 1.139 0.842 1.353
900 1.121 0.834 1.344 1.204 1.015 1.186 1.163 0.866 1.343
1000 ' 1.142 0.855 1:336 1.234 1'045 11181 1.185 0.888 1.335
Hydrogen, H,; Nitrogen, Ny Oxygen, O,
250 14.051 9927 . 1416 1.039 0.742 1400 0.913 0.653 1.398
300 14.307 10.183 1.405; 1.039 0.743 1400 0918 0.658 1.395
350 14.427 10.302 1:400 1.041 0.744 1.399 0.928 0.668 1.389
400 14.476 10.352 1.398 1.044 0.747 1;397 0.941 0.681 1.382
450 14.501 10.377 1.398 1.049 0.752 1.395 0.956 0.696 1.373
500 14.513 10.389 1.397 ., 1.056 0759 1.3 0.972 0.712 1.365
550 14.530 10.405 1.396. : 1.065 0.768 1.387 0.988 0.728 1.358
600 14.546 10.422 1,396 1.075 0.778 1.382 1.003 0.743 1.350
650 14.571 10.447 1,395 1.086 0.789 1.376 1.017 0.758 1.343
700 14.604 10.480 1.394 1.098 0.801 1.371 1.031 0.771 1.337
750 14.645 10.521 1392 1110 0.813 1.365 1.043 0.783 1.332
800 14.695 10.570 1.390 1.121 0.825 1:360 1.054 0.794 1.327
900 14,822 10.698 1.385 1.145 0.849 1.349 1.074 0.814 1.319
1000 14.983 10.859 1:380 1.167 0870  1.341 1.050 0.830 1.313

Sourve of Dota; Kenneth Wark, Thermodvanmics, 4th ed. {New York: McGraw-Hill, 1983, p. 78, Tahle A<4M. Criginally published in Tabfes of Thermal Praperiies of Goses,

MRS Circular 564, 1955,
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FF Sawrated water—Temperature table

Specific volume, Internal energy, Enthalpy, Entropy,
m¥kg ki/xg kl/kg kifkg-K
Sat, Sat. Sat. Sat, Sat. Sat. Sat Sat. Sal.

Temp., press., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Ewvap., vapor,
T°C  P,kPn vy v, " Uy oy hy hy h, Ly EA 5,

0.01  0.6117 0.001000 206.00 0.000 2374.9 23749 0.001 25009 2500.9 0.0000 9.1556 9.1556

5 0.8725 0.001000 147.03 21.019 2360.8 23818 21.020 2489.1 12510.1 0.0763 8.9487 9.0249
10 12281 Q.001000 106.32 42,020 2346.6 23887 42.022 24772 2519.2 0.1511 8.7488 8.8999
15 1.7057 0.001001  77.885 62.980 2332.5 2395.5 62982 24654 25283 0.2245 8.5559 8.7803
20 2.3392 0.001002 57.762 83913 23184 24023 83915 24535 25374 0.2965 8.3696 8.6661
25 3.1698 0.001003  43.340 104.83 23043 2409.1 104.83 24417 25465 0.3672 8.1895 8.5567
30 42469 0001004 32.879 12573 22902 24159 125,74 24298 2555.6 0.4368 8.0152 8.4520
35 5.6291 0.001006 25.205 146.63 22760 24227 146,64 24179 2564.6 0.5051 7.8466 8.3517
40 7.3851 0.001008 19.515 167.53 22619 24294 167.53 2406.0 25735 0.5724 7.6832 B8.2556
45 9.5953 0.001010 15.251 18843 22477 2436.1 188.44 239540 25824 0.6386 7.5247 8.163)
50 12352  0.001012 12.026 209.33 22334 24427 209.34 23820 2591.3 0.7038 7.3710 8.0748
55 15763 0.001015 9.5639 230,24 22191 24493 230.26 2369.8- 2600.1 0.7680 7.2218 7.9898
60 19.947 0.001017 7.6670 251:16 - 2204.7 24559 251:18 2357.7 2608.8 0.8313 7.0769 7.9082
65 25.043 0.001020  6.1935 272.09 21903 24624 27212 23454 26175 0.8937 69360 7.8296
70 31.202 0.001023  5.0396 293.04 21758 2468.9 293.07 23330 26261 0.9551 6.7989 7.7540
75 38.597 0001026  4.129] 31399 2161.3 24753 314.03 23206 26346 1.0158 6.6655 7.6812
80 47.416 0001029  3.4053 33497 21466 24816 33502 2308.00 2643.0 1.0756 6.5355 7.6111
85 5§7.868 0.001032  2.8261 35596 21319 24878 356.02 22953 26514 1.1346 6.4089 7.5435
90 70.183 0.001036  2.3593 37697 21170 24940 37704 22825 2659.6 1.1929 62853 17.4782
95 84.609 0.001040 1.9808 398.00 21020 2500.1 398.09 22696 2661.6 1.2504 6.1647 7.4i51
100 101,42 0.001043 1.6720 419.06 ..-2087.0 2506.0 419:17 22564 2675.6 13072 6.0470 7.3542
105 12090 0.001047 1.4186 440.15 2071'8 25119 440,28 22431 26834 1.3634 59319 7.2952
110 143.38  0.001052 1.2094 461.27 20564 25177 461:42 2229.7 2691.1 14188 5.8193 7.2382
115 169.18  0.001056 1.0360 48242 20409 25233 482,59 22160 2698.6 14737 57092 7.1829
120 198.67 0.001060  0.89133  503.60° 2025.2 2528.9 503.81 2202.3 2706.0 1.5279 5.6013 7.1292
125 23223 0001065 077012 524.83 20095 25M.3 52507 21880 27131 1.5816 54956 7.0771
130 27028  0.001070  0.66808  546.10 19934 25395 54638 2173.7 2720.1 1.6346 53919 7.0265
135 31322 0001075  0.58179 56741 19773 254437 567.75 2159.1 27269 1:6872 5.2901 6.9773
140  361.53  0.001080  0.50850  S88.77 19609 25496 -589.16 21443 27335 1.7392 51900 6.92%4
145 41568 0001085 044600  610.19 19442 25344 61064 21292 27393 1.7908 50919 6.8827
150 47616 0.001091 039248  631.66 19274 2559.1 632,18 21138 27459 1.8418 49953 6.8371
155 54349 Q.001096  0.34648  653.19 19103 25635 65379 20980 27518 1.8924 49002 6.7927
160 61823 0001102 030680  674.79 .1893.0 25678 67547 20820 275715 1.9426 4.8066 6.7492
165 70093 0001108 027244 69646 18754 25719 697.24 20656 2752.8 19923 4.7143 6.7067
170 792,18 , 0001114 024260 71820 1857.5 25757 719.08 2048.8 2767.9 2.0417 46233 6.6650
175 892.60 0.001121 021659 74002 18394 25794 74102 20317 27727 2.0006 45335 66242
180 1002.8 0001127  0.19384 761,92 18209 25828 763.08 20142 27772 2.1392 44448 6.5841
185 11235 0001134 0.173%¢  783.91. .1802.1 2586.0 785.19 19962 27814 2.1875 4.3572 6.5447
190 12552  0.001141 0.15636  806.00 1783.0 2589.0 807.43 19779 2785.3 2.2355 42705 6.5059
195 13988  0.001149  0:14089  828:18 "1763.6 25917 829.78 1959.0 2788.8 22831 4.1847 64678
200 15549 0001157  0.12721 85046 * 17437 25%4.2 85226 19398 27920 2.3305 4.0997 64302
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TABLE A-4

Saturated water—Temperature table (Concluded)

Specific volume, Internal energy, Enthaipy, . Entrapy.
m'/kg ki/kg kg . kifkg-K
Sat. Sat. Sat. Sat, Sal. Sat. Sat. Sal. Sat.
Temp., press., liquid, vapor, liquid, Ewvap., vapor, liquid, Evap., vapor, liquid, Evap., vapor.
T°C P, kPa u v, Uy iy, i, iy hy, iy 5 Em 5,
205 17243 0.001164 0.11508 872.86 1723.5 25964 874.87 19200 2794.8 23776 40154 6.3930
210 1907.7 0.001173 0.10429 895.38 17029 2598.3 897.61 18997 27973 24245 39318 63563
215 21059 0.001181 0.094680 918.02 16819 23939 920.50 18788 27993 24712 38489 63200
220 2319.6 0.001190 0.0860%94 94079 1660.5 2601.3 943,55 18574 28010 2.5176 3.7664 6.2840
225 2549.7 0.001199 0.078405 963.70 1638.6 2602.3 966.76 18354 28022 2.5639 3.6844 6.2483
230 279714 0.001209 0.071505 986.76 1616.1 2602.9 990.14 18128 28029 2.6100 3.6028 6.2128

235 30626 0.001219 0.065300 10100 15932 26032 10137 1789.5 2803.2 2.6560 3.5216 6.1775
240 3347.0 0.001229 0.059707 10334 1569.8 2603.] 10375 1765.5 2803.0 2,7018 3.4405 6.1424
245 3651.2 0.001240 0.054656 1056.9 15457 26027 1061.5 17408 28022 2.7476 3.3596 6.1072
250 3976.2 0.001252 0.050085 1080.7 1521.1 26018 10857 17153 2801.0 2.7933 3.2788 6.0721

255 43229 0.001263 0045941 1104.7 14958 26005 1110.1 1689.0 2799.1 2.8390 13.1979 6.0369
260 46923 0.001276 0.042175 11288 14699 2598.7 11348 16618 2796.6 2.8847 3.1169 6.0017
265 5085.3 0.001289 0.038748 11533 14432 2596.5 1159.8 1633.7 27935 29304 13.0358 5.9662
210 §503.0 0.001303 0.035622 11779 1415.7 2593.7 1185.1 1604.6 2789.7 29762 29542 5.9305
275 5946.4 0.001317 0.032767 12029 13874 125903 1210.7 15745 2785.2 3.022) 28723 5.8944

280 6416.6 0.001333 0.030}53 1228.2 13582 25864 1236.7 1543.2 277199 3.0681 27898 5.8579
285 6914.6 0.001349 0.027756 1253.7 1328.1 125818 1263.1 15107 27737 3.1144 27066 5.8210
290 7441.8 0.001366 0.025554 1279.7 12969 25765 1289.8 14769 2766.7 3.1608 26225 5.78M
295 7999.0 0.001384 0.023528 13060 12645 25705 1317.1  1441.6 27587 3.2076 2.5374 5.7450
300 8587.9 0.001404 0.021659 13327 12309 2563.6 13448 14048 2749.6 3.2548 2451t 5.7059

305 92094 0.001425 0.019932 13600 11959 25558 13731 13663 27394 3.3024 23633 5.6657
310 9865.0 0.001447 0.018333 1387.7 11593 25471 - 14020 13259 27279 33506 22737 5.6243
315 10,556 0.001472 0.016349 14161 11211 25372 14316 12834 27150 33994 2.1821 5.5816
320 11,284 0.00149% 0.015470 1445.1 10809 23260 14620 12385 27006 3.4491 20881 5.53712
325 12,051 0.001528 0.014183 14750 10385 25134 14934 119010 26843 34998 19911 54908

330 12,858 0.001560 0.012979 1505.7 9935 24992 15258 '1140.3 2666.0 3.5516 1.8906 5.4422
335 13,707 0.001597 0.011848 1537.5 94535 24830 15594 10860 26454 3.6050 1.7857 5.3907
340 14,601 0.001638 0.010783 1570.7 8938 24645 15946 10274 26220 16602 1.6756 5.3358
345 15,541 0.001685 0.009772 1605.5 837.7 24432 1631.7 9634 2595.1 37179 1.5585 5.2765
350 16,529 0.001741 0.008806 ~ 16424 7759 24183 1671.2 8927 25639 3.7788 1.4326 5.21i4

355 17,570 0.001808 0.007872 1682.2 7064 23886 - 17140 8129 25269 3.8442 12942 5.1384
360 18,666 0.001895 0.006950 17262 6257 123519 17615 7201 24816 39165 1.1373 5.0537
365 19,822 0.002015 0.006009 1777.2 5264 2303.6 1817.2 605.5 24227 4.0004 09489 4.9493
370 21,044 0.002217 0.004953 18445 3856 2230.1 1891.2 4431 23343 4.1119 0.6890 4.8009
37395 22,064 0.003105 0.003106 20157 0 20157 2084.3 0 20843 44070 0 44070

Sourve of Dase: Tables A-4 ihrough A-R are g ) using the Engincering Equation Sotver (EES) software developed by 5. A. Kiein and F. L. Atvarado. The routine uwed

in caleulations is the highly accumte Steam_IAPWS, which incorporztes the 1995 Farmulation for the Thermodynamic Prupenies of Ordinary Water Substance for General and
Scientific Use, issued by The Intermational Association for the Prupertics of Water and Steam (IAPWS). This formulation reploces the 1984 formulation of Haor, Gallaghes, and Kell
(NBSYNRC Steam Tables, Hemisphere Publishing Co.. 1984), which is also available in BES as the routine STEAM, The new formulation is bawed on the coreelations of Ssul and
Wagner (. Py, Chem. Ref, Data, 16, 89), 1987} with anxtifications to adjust to the [nternatioaal Temperature Scale of 1990, The mudifcations are described by Wogner snd Pruss
(1. Phvr. Chem. Ref. Data, 21,7183, 1993). The propertics of ice are based on Hyland and Wesler, "Formulations for the Thetmadynamic Properties of the Saturuted Phases of H,O
from 173,15 K t0 473,48 K. ASHRAE Trons., Pan 2A, Paper 279). 1983,




7 Sawrated water—Pressure table

BLES AND CHARTS

Specific volume, Internal energy, Enthaipy, Entropy,
mi/kg kg kg kifkg-K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Press.,  temp., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
PkPa  T,°C v, v, iy Ty u h, by h s Sy 5

1.0 697 0.001000 129.19 29.302 2355.2 2384.5 29303 24844 25137 0.1059 8.8690 B8.9749

1.5 13.02 0.001001 87.964 54.686 2338.1 23928 54.688 2470.1 25247 0.1956 8.6314 8.8270

20 17,50 0.001001 66.99C 73.43]1 23255 23989 73433 24595 25329 0.2606 8.4621 8.7227

25 2108 0.001002 54.242 88.422 23154 24038 33424 24510 25394 0.3118 8.3302 8.6421

30 2408 0.001003 45.654 10098 23069 2407.9 10098 24439 25448 0.3543 8.2222 8.5765

40 2896 0.001004 34,791 121,39 2293.1 24145 121.39 24323 25537 0.4224 B8.0510 8.4734

5.0 3287 0.001005 28.185 13775 2282.]1 2419.8 137.75- 2423.0 2560.7 0.4762 79176 8.3938

15 4029 0.001008 19.233 168:74 2261.1 24298 168.75 24053 25740 0.5763 7.6738 8.2501
(0 45.81 0.001010 14.670 191779 22454 2437.2. 191.81 2392.1- 258319 0.6492 74996 8.1488
I5 5397 0.001014 10.020 22593 22221 24480 22594 23723 25983 0.7549 7.2522 8.0071
20 60.06 0.001017 7.6481 25140 2204.6 2456.0 25142 23575 26089 0.8320 7.0752 7.9073
25 6496 0.001020 6.2034 27193 21904 24624 271.96 23455 26175 0.8932 6.9370 7.8302
30 69.09 0.001022 5.2287 289.24 21785 24617 289.27 23353 26246 09441 68234 7.7675
40 1586 0.001026 1.9933 31758 21588 24763 317.62 23184 2636.1 1.0261 6.6430 7.6691
50 81.32 0.001030 3.2403 34049 21427 24832 340.54 2304.7 2645.2 1.0912 65019 7.5931
75 91.76 0.001037 2.2172 384.36 2111.8 2496.1 38444 22780 26624 12132 62426 7.4558
100 99.61 0.001043 1.6941 417:40 20882 2505.6 417.51 22575 2675.0 1.3028 6.0562 7.3589
101.325 99.97 0.001043 1.6734 418.95 2087.0 2506.0 419.06 2256.5 ' 2675.6 1.3069 6.0476 7.3545
125 105.97 0.001048 1.3750 44423 20688 2513.0 444,36 2240.6 26849 1.3741 59100 7.2841
150 11535 0.001053 1.1594 466.97 20523 25192 467.13 2226.0- 2693.1 1.4337 5.7894 7.2231
175 116.04 0.001057 1.0037 486.82 2037.7 '2524.5 487.01 2213.1° 2700.2 1.4850 5.686% 7.1716
200 120.21 0.001061 0.88578 504.50 20246 2529.1 50471 220016 2706.3 1.5302 55968 7.1270
228 123.97 0.001064 0.79329 52047 20127 25332 52071 219100 27117 1.5706 5.5171 7.0877
250 127.41 0.001067 0.71873 535.08 20018 2536.8 535.35 21812 27165 1.6072 5.445) 7.0525
275 130.58 0.001070 0.6573% 548.57 199116 2540.1 548:86 21720 27209 1.6408 5.3800 7.0207
300 133.52 0.001073 0.60582 561.11 1982.1 25432 561.43 21635 27249 1.6717 53200 6.9917
325 136.27 0.001076 0.56199 572.84 -1973:1 25459 573,19 21554 2728.6 17005 5.2645 6.9650
350 138.86 0.001079 0.52422 583.89 " 19646 25485 -584.26 21477, 27320 1.7274 52128 69402
375 141.30  0.00108f 0.49133 §94.32 19566 25509 59473 21404 2735.1 1.7526 5.1645 69171
400 143.61 0.001084 0.46242 604.22 19489 2553.1 604.66 21334 2738.1 17765 5.1191 6.8955
450 147.90 0.001088 0.41392 622.65 19345 2557.1 623.14 21203 27434 1.8205 5.0356 6.856]
500 151.83  0.001093 0.37483 639.54- 1921.2 2560.7 64009 21080 27431 1.8604 49603 6.8207
550 155.46 0.001097 0.34261 655.16 1908.8 25639 65577 20966 21524 1.8970 4.8916 6.7886
600 158.83 0.00110) 0.31560 669.72 18971 25668 670.38 20858 2756.2 1.9308 4.8285 6.7593
650 161.98  0.001104 0.29260 683.37 1886.1 25694 684.08 20755 2759.6 1.9623 4.7699 6.7322
700 164.95 0.001108 0.27278 696.23 18756 25718 697.00 20658 2762.8 1.9918 4.7153 6.707i
750 167.75 0.001111 0.25552 708.40 1865.6 25740 109.24 20564 27657 2.0195 4.6642 6.6837
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TABLE A-5

Sawrated water—Pressure table (Concluded)

Specific volume, Internal energy, Enthalpy. Entropy,
m/kg kifkg kI/kg klkg-K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sau
Press., temp., liquid, vapor, liquid, Evap., vapor, liquid, Ewvap., vapor, liquid, Evap. vapur,
PkPa  T,°C v, u U hy he h 5 5 A

800 17041 0001115 0.24035 71997 1856.1 2576.0 720.87 20475 2768.3 2.0457 4.6160 6.6616
850 17294 0.001118 0.22690 731.00 18469 25779 731.95 20388 277038 20705 4.5705 6.6409
900 175.35 0001121 0.21489 741.55 1838.1 2579.6 742.56 20305 2773.0 20941 4.5273 6.6213
950 177.66 0.001124 0.20411 751.67 1829.6 25813 752.74 20224 27152 2.1166 44862 6.6027
1000 179.88 0.001127 0.19436 761.39 18214 25823 762.51 20146 27771 2.1381  4.4470 6.5850

1100 184.06 0.001133 0.17745 779.78  1B05.7 2585.5 781.03 19996 2780.7 2.1785 4.3735 6.5520
1200 187.96 0.001138 0.16326 79696 17909 2587.38 798.33 19854 278338 22159 43058 6.5217
1300 191.60 0.001144 015119 © 81310 17768 2589.9 81459 19719 27865 22508 4.2428 6.4936
1400 195.04 0.001i49 0.14078 82835 17634 25918 829.96 19589 27889 22835 4.1840 6.4675
1500 198.29 0.001154 0.13171 842,82 17506 125934 844,55 19464 2791.0 23143 4.1287 6.4430

1750 205.72 0.001166 0.11344 876.12 17206 2596.7 §78:16 1917.1 27952 23844 40033 6.3877
2000 212.38 0.001177 0.099587 906,12 1693.0 2599.1 908.47 1889.8 27983 24467 38923 6.3390
2250 218.41 0Q.001187 0.083717 933.54 16673 2600.9 93621 18643 2800.5 2.5029 37926 6.2954
2500 223.95 0.001197 0.079952 058.87 1643.2 2602.1 961.87 1840.1 28019 25542 37016 6.2558
3000 233.85 0.001217 0.066667 10046 15985 2603.2 10083 1794.9 2803.2 26454 3540 6.1856

3500 242.56 0.001235 0.057061 10454 15576 2603.0 1049.7 1753.0 28027 27253 33991 6.1244
4000 25035 0.00i1252 0.049779 10824 15193 26017 1087.4 17135 28008 27966 32731 6.0696
5000 263.94 0.001286 0.039448 1148.1 14489 2597.0 11545 16397 27942 29207 3.0530 59737
6000 275.59 0.001319 0.032449 12058 1384.1° 2589.9 1213.8 15709 27846 3.0275 2.8627 5.8902
7000 285.83 0.001352 0.027378 12580 1323.0 2581.0 12675 15052 27726 31220 2.6927 5.8148

8000 295.01 0.001384 0023525 13060 12645 2570.5 13171 14416 27587 32077 25373 57430
9000 303.35 0001418 0020489 - 1350.9 12076 25585 13637 13793 27429 32866 23925 5.6791
10,000 311.00 0.001452 0.018028 13933 11518 2545.2 1407.8 . 13176 27255 3.3603 22556 5.6159
11,000 318.08 0.001438 0.015988 14339 10966 25304 - 1450.2 .1256.1 2706.] 34299 21245 5.5544
12,000 32468 0.001526 0.014264 1473.0 10413 2514.% 14913 11941 26854 34964 19975 54919

13,000 33085 0.001566 0.012781 1511.0 9855 24966 15314 11313 2662.7 3.5606 1.B730 5.4336
14,000 336.67 0.001610 0.011487 - 15484 928.7 2477.1 -1571.0, 10670 26379 3.6232 1.7497 5.3728
15,000 342,16 0.001657 0.010341 1585.5  870.3 .24557 16103 10005 2610.8 36848 1.6261 53108
16,000 347.36 0.001710 0.009312- 16226 B0S.4 24320 16499 931.1 25810 3.7461 1.5005 5.2466
17,000 35229 0.001770 0.008374 1660.2  745.1 24054 1690.3 8574 25477 38082 1.3709 5.1791

18,000 35699 0.001840 0007504  1699.1 6759 23750 S 17322 717178 25100 38720 1.2343  5.1064
19000 361.47 0.001926 0.006677 17403 5989 2339.2 1776.8  689.2 2466.0 39396 1.0860 5.0256
20,000 365.75 0.002038 0.005862 17858 509.0 22948 18266 5855 2412.1 40146 09164 49310
21,000 369.83 0.002207 0.004994 1841.6 3919 22335 18880 4504 23384 41071 07005 4.8076
, 22,000 373.71 0.002703 0.003644 1951.7 1408 20924 W11 1615 21726 4.2942 02496 4.5439
22,064 37395 0.003106 0.003106 20157 0 20157 2084.3 0 20843 44070 0O 4.4070




Superbicated water

T v u I s v u h 5 v u h s
°C mike  kikg  kikg  kikgK | mifkg kg kg  kKkgK | mkg Mg Kip kikgK
P =0.01 MPa (45.81°C)’ P =0.05 MPa (81.32°C) P = 0.10 MPa (99.61°C)
Sal! 14670 24372 25839 8.1488 3.2403 24832 26452 7.5931 1.6941 2505.6 2675.0 7.3589
50 14.867 24433 25920 8.1741
100 17.196 25155 26875 8.4489 34187 25115 26824 7.6953 1.6959 2506.2 26758 1.3611
150 19.513 25879 27830 4.6893 3.8897  2585.7 2780.2 7.9413 | 1.9367 25829 27766 76148
200 21.826 26614 2879.6 8.9049 4.3562 26600 2877.8 8.1592 | 2.1724 2658.2 28755 7.8356
250 24136 27361 29775 9.1015 48206 27351 29762 8.3568 | 2.4062 27339 29745 8.0346
300 26446 28123 30767 9.2827 5.2841 28116 30758 8.5387 | 2.6389 2810.7 30745 82172
400 31.063 29693 32800 9.6094 6.2094 29689 32793 8.8659% | 3.1027 29683 1278.6 B.5452
500 35680 31329 3489.7 9.8998 7.1338  3132.6 34893 9.1566 | 3.5655 31322 1488.7 8.8362
600 40.296 33033 37063 10.1631 8.0577 3303.0 37060 94201 | 4.0279 33028 17056  9.0999
700 44911 234808 39299 104056 89813  3480.6 3929.7 9.6626 | 4.4900 34804 39294  9.3424
800 49527 136654 41606 10.6312 99047  3665.2 41604 9.8883 | 4.9519 3665.0 4160.2  9.5682
900 54.143 38569 43983 10.8429 { 10.8280 3856.8 43982 10.1000 | 54137 3856.7 43980 9.7800
1000 58.758 4055.3 46428 11.0429 | 117513  4055.2 4642.7 103000 | 5.8755 4055.0 46426 9.9800
1100 63373 4260.0 48938 11.2326 | 12.6745 4259.9 4893.7 104897 | 6.3372 42598 48916 10.1698
1200 67989 44709 51508 114132 | 13.5977 44708 S5150.7 106704 | 6.7988 4470,7 51506 10.3504
1300 72.604 46874 54134 11.5857 | 14.5209 4687.3 5413.3 10.8429 | 7.2605 4687.2 5413.3 10.5229
P=020MPn (120.21°C) ~ P =0.30 MPa {133.52°C) P =040 MPa (143.61°C)
Sat. 0.BBS7R  2529.1 27063 7.1270 | 0.60582 2543.2 27249 69917 0.46242 2553.1 2738.1 6.8955
150 095986 2577.1 2769.1 7.2810 | 0.63402 2571.0 2761.2 7.0792 0.47088 25644 27528 6.9306
200 1.0804% 26546 28707 7.508) 0.71643 2651.0 28659 13132 0.53434 26472 28609 7.1723
250 L198%0 27314 29712  7.7100 | 0.79645 27289 29679 7.5180 0.59520 27264 29645 7.3804
300 1.3162 2808.8 3072.1 7.8941 | 0.87535 12807.0 3069.6 7.7037 0.65489  2805.1 3067.1 7.5677
400 1.54934 2967.2 3277.0 8.2236 | 1.03i55 129660 12755 8.0347 0.77265 29649 32739 7.9003
500 1.78142 31314 3487.7 85153 | 118672 31306 34866 83271 0.88936 3129.8 34355 8.1933
600 201302 33022 37048 8.7793 1.34139 23301.6 37040 8.5915 1.00558 33010 3703.3 84580
700 224434 34799 39288 9.0221 149580 34795 1928.2 38.8345 1.12152 34790 39276 87012
800 247550 3664.7 41598 9.2479 | 1.65004 36643 41593 9.0605 1.23730 36639 41589 89274
900 2.70656 38563 43977 9.4598 | 1.80417 3856.0 43973 92725 1.35298  3855.7 43969 9.1394
1000 293755 40548 46423 9.6599 | 195824 40545 46420 9.4726 1.46859 40543 46417 93396
1100 316848 42596 48933 9.8497 | 2.11226 42594 48931 9.6624 1.58414 42592 48929 95295
1200 339938 44705 51504 10.0304 | 2.26624 44703 5150.2 9.843] 1.69966 4470.2 51500 9.7102
1300 3.63026 4687.1 5413.1 10.2029 | 242019 446869 5413.0 10.0157 1.81516 4686.7 5412.8 9.8828
P =0.50 MPa (151.83°C) £ =0.60 MPa (158.83°C) P =0.80MPa (170.41°C)
Sar, 037483 2560.7 2748.1 6.8207 | 0.31560 25668 27562 6.7593 024035 25760 27683 6.6616
200 042501 26433 28558 7.0610 | 035212 26394 28506 6.9683 | 026088 2631.1 28398 6.8i77
250 047443 27238  2961.0 7.2725 | 039390 27212 29576 7.1833 | 029321 27159 29504  7.0402
300 0.52261 28033 30646 7.4614 | 043442 28014 30620 7.3740 0.32416 27975 30569 7.2345
150 0.57015 28830 3168.1 7.6346 ] 047428 2881.6 31660 7.548| 035442 28786 31622 74107
400 061731 2963.7 32724 7.7956 | 0.51374 29625 3270.8 7.7097 0.38429 2960.2 32677 7.5735
500 071095 3129.0 34845 8.0893 | 0.59200 31282 34834 8.0041 0.44332 31266 3481.3 7.8692
600 0.80409 33004 37025 83544 | 0.66976 3299.8 3701.7 82695 | 0.50186 32987 3700.1 8.1354
00 089696 3478.6 139270 B.5978 [ 074725 3478.1 39264 85132 | 056011 3477.2 39253 83794
800 098966 36636 41584 B.8240 | 0.82457 3663.2 41579 8.7395 | 0.61820 36625 41570 8.606!
900 1.08227 38554 43966 9.0362 | 090179 3855.1 43962 8.9518 | 0.67619 3854.5 43955 88185
1000 117480 40540 46414 92364 | 0.97893 40538 46411 9.152) 0.73411 4053.3 46405 9.0189
1100 1.26728 4259.0 48926 9.4263 | 1.05603 4258.8 48924 93420 | 0.79197 42583 489L.9 9.209%0
1200 1.35972 44700 51498 9.6071 | 1.13309 44698 51496 95229 | 0.84980 4469.4 51493  9.3898
1300 1.45214 46866 54126 9.7T797 121012 46864 54125 9.6955 090761 4686.1 54122 95625

“The iemyperature in parcatheses is the aturinon emperatere a the specilied prossure.

' Propertics of spturated vapor at the speeificd pressure,
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APPENDIX 1

Supcrhcnlcd water (Cartinued)

T v 1] h 5 v u h 5 v 1] h 5

°C mfg  Khkg  Kkg  KikeK | m¥kg Whg kg WkgK | mYkg kikg Khkp  KhgK

P = 1.00 MPa (179.88°C} P =120MPa(187.96°C) P =140 MPa {195.04°C)

Sat. 0.19437 25828 2777.1 6.5850 | 0.16326 25878 27838 6.5217 0.14078 2591.8 27BR9 6.4675
200 020602 26223 28283 6.6956 | 0.16934 26129 28161 6.5909 0.14303 2602.7 28030 6.4975
250 0.23275 27104 29431 69265 0.19241 27047 29356 68313 0.16356 26989 29279 6.7488
300 025799 27937 3051.6 7.1246 | 021386 27897 30463 17.0335 0.18233 27857 30409 6.9553
350 0.28250 28757 31582 73029 | 023455 28727 131542 7.2139 0.20029 28697 3150.1 71379
400 0.J0661 29579 32645 74670 | 0.25482 29555 32613 7.3793 0.21782 2953.1 32581 7.3046
500 0.25411 31250 34791 7.7642 | 0.29464 31234 M77.0 76779 0.25216 3121.8 34748 7.6047
600 040111 32975 36986 80311 0.33395 32963 36970 7.9456 0.28597 3205.1 36955 7.8730
700 0.44783 34763 39241 8.2755 037297 34753 39229 8.1904 0.31951 34744 39217 81183
800 0.49438 36617 41561 8.5024 | 041184 36610 41552 B.4176 0.35288 3660.3 41543 §.1458
900 0.54083 38539 43948 87150 | 0.45059 38533 43940 R.6303 0.38614 38527 43933 8.5587

1000 0.58721 40527 46400 8.9155 | 0.48928 40522 46394 838310 0.41933 4051.7 46388 8.7595

1100 0.63354 42579 48914 91057 | 0.52792 42575 48910 9.0212 0.45247 42570 48905 B8.9497

1200 0.67983 44690 51489 9.2B66 | 0.56652 4468.7 51485 9.2022 048558 44683 5148.1 9.1308

1360 0.72610 46858 5411.9 94593 | 0.60509 46855 354116 9.3750 0.51866 4685.1 54113 9.3036

P = 1.60 MP1 (201.37°C) P =180 MPa (207.11°C) P =2.00MPza (2§2.38°C)

Sat 0.12374 25948 27928 64200 | 0.11037 2597.3 27959 6.3775 0.09959 25991 27983 63390
225 0.13293 2645.1 28578 6.5537 | 0.11678 26370 28472 6.4825 0.1038F 2628.5 28361 64160
250 0.14190 26929 29199 6.6753 | 0.12502 2686.7 29117 6.6088 0.11150 2680.3 29033 6.5475
oo 0.15866 2781.6 30354 6.BB64 | 0.14025 27774 30299 6.8246 0.12551 27732 30242 6.7684
150 0.17459 2866.6 31460 7.0713 | 0.15460 2863.6 31419 7.0120 0.13860 2860.5 31377 6958}
400 0.19007 2950.8 32549 72394 | 0.16849 29483 32516 7.1814 0.15122 29459 32484 7.1292
500 022029 3120.1 34726 7.5410 | 0.19551 3118.5 34704 7.4845 0.17568 31169 3468.3 74337
600 0.24999 32939 36939 78101 0.22200 32927 36923 7.7543 0.19962 32915 3690.7 7.7042
700 027941 34735 39205 8.0558 | 0.24822 34726 39194 8.0005 022326 3471.7 19182 79509
300 0.30865 36595 41534 82834 | 0.27426 3658.8 41524 8.2284 0.24674 36580 41515 B8.1791
900 0.33780 3852.1 43926 84965 | 0.30020 38515 43919 8.4417 027012 38509 43911 8.3925

1000 0.36687 4051.2 4638.2 8.6974 | 032606 4050.7 46376 B8.6427 029342 4050.2 4637.1 B.5936
1100 0.J9589 4256.6 48900 8.8878 | 0.35188 4256.2 4889.6 8.8331 031667 4255.7 4889.1  R.7842

1200 0.42488 44679 51477 9.0689 | 0.37766 4467.6 51473 9.0143 0.33989 4467.2 51470 B.9654

1300 0.45383 46848 54109 9.2418 | 040341 46845 54106 9.1872 0.36308 4684.2 54103 9.1384
P =2.50 MPa (2231.95°C) P =300 MPa (233.85°C) P = 3.50 MPa {242.56°C)

Sa 0.07995 2602.1 28019 6.2558 0.06667 2603.2 2803.2 6.1856 0.05706 2603.0 28027 6.1244

225 0.08026 26048 2805.5 6.2629 .
250 008705 26633 28809 6.4107 0.07063 26447 28565 6.2893 0.05876 2624.0 28297 6.1764
300 0.09894 2762.2 30096 6.6459 008118 27508 29943 6.5412 0.06845 2738.8 29784 64434
as0 0.10979 28525 3127.0 6.8424 005056 28444 31161 6.7450 0.07680 2836.0 231049 6.6601
400 0.12012 29398 32401 7.0170 009938 2933.6 3231.7 6.9235 0.0B456 2927.2 3223.2 G6.8428

t 450 - 0.13015 30262 33516 7.1768 0.10789 3021.2 33449 7.0856 0.09198 30i6.1 233384 7.0074
500 0.13999 31128 34628 7.3254 011620 3108.6 34572 712359 0.09919 31045 34517 7.1593
600 0.15931 3288.5 36868 7.5979 0.13245 232855 136828 75103 0.11325 3282.5 216789 7.4157
700 0.17835 34693 39152 7.8455 014841 34670 39122 7.75%0 0.)2702 34647 39093  7.6855
800 0.19722 3656.2 41492 B8.0744 0.16420 3654.3 41469 79885 0.14061 36525 41446 79156
900 0.21597 38494 4389.) 8.2382 0.17988 38479 43875 82028 0.15410 38464 43857 8.12(4

1000 0.23466 4049.0 46356 B.4897 0.19549 40477 46342 8.4045 0.16751 40464 4632.7 8.3324
1100 0.25330 42547 488719 8.6804 0.21105 42516 48B6.7 B.5955 0.18087 4252.5 48856 8.5236
1200 0.27190 44663 51460 8.8618 0.22658 4465.3 51451 8.7 0.19420 44644 51441 8.7053
1300 0.29048 46814 54095 9.0349 0.24207 4682.6 5408.8 8.9502 0.20750 4681.8 54080 8.8786




Superheated water (Continued)

§64

BLES AND CHARTS

T v H h 5 v u h 5 v u h ]
°C m'kg Whkg Wkg  WkgK | m'kp kikkg kikg  KAgK | m'kg kKikg Wikg  WkgK
P = 4.0 MPa {250.35°C) P = 4.5 MPa (257.44°C) P = 5.0 MPa (263.94°C)
Sar. 0.04978 2601.7 2800.8 6.0696 0.04406 2599.7 27980 6.0198 0.03945 2597.0 27942 59737
275 0.05461 26689 28873 6.2312 0.04733 26514 28644 6.1429 0.04144 26323 2839.5 6.057I
300 0.05887 27262 2961.7 6.3639% 0.05138 27130 29442 6.2854 0.04535 2699.0 2925.7 6.2111
350 0.06647 28274 3093.3 6.5843 0.05842 28186 30815 6.5153 005197 28085 30693 64516
400 007343 29208 32145 67714 0.06477 29142 3205.7 67071 0.05784 29075 31967 6.6483
450 0.08004 30110 3331.2 6.9386 007076 30058 13242 6.8770 0.06332 30006 3317.2 6.8210
500 0.08644 31003 34460 7.0922 007652 13090 234404 7.0323 0.06B58 30918 14347 6.9781
600 0.09886 32794 36749 7.3706 0.08766 32764 136709 173127 0.07870 32733 36669 7.2605
700 0.11098 34624 39063 7.6214 0.09850 34600 1239033 7.5647 0.08852 34577 39003 7.5136
f00 0.12292 36506 41423 7.8523 0.10916 36488 41400 7.7962 009816 36469 41377 77458
900 0.13476 38448 43839 B8.0675 0.11972 38433 43821 8.0118 0.10769 38418 4380.2 7.9619
1000 0.14653 4045.1 4631.2 B.2698 0.13020 40439 46298 B8.2144 0.11715 40426 4628.3 8.1648
1100 0.15824 42514 48844 84612 0.14064 42504 4883.2 8.4060 0.12655 42493 48821 8.1566
1200 0.16992 44635 51432 8.6430 0.15103 44626 51422 8.5880 0.13592 44616 51413 8.5388
1300 0.18157 46809 5407.2 88164 0.16140 4680.1 5406.5 87616 0.14527 4679.1 54057 8.7124
P = 6.0 MPa (275.59°C) P =7.0MPa (285.83°C) P = 8.0 MPa (295.01°C}
Sat. 0.03245 25899 2784.6 538902 | 0.027378 25810 27726 58148 0.023525 25705 2758.7 5.7450
300 0.03619 26684 28856 6.0703 0.029492 2633.5 28399 5.9337 0.024279 25923 27865 5.7937
350 0.04225 27904 30419  6.3357 0035262 2770.1 30169 6.2305 0029975 27483 2988.1 6.1321
400 004742 28937 31783 6.5412 0.039958 2879.5 3159.2 6.4502 | '0.034344 28646 31394 6.3658
450 0.05217 29899 33029 6.7219 0.044187 2979.0 3283.3 6.6333 0.038194 29678 32733 6.5579%
500 0.05667 3083.1 3423.1 68826 | 0.048157 30743 34114 6.8000 0.041767 30654 33995 6.7266
550 0.06102 31752 3541.3 7.0308 0051966 31679 3531.6 69507 0045172 31605 3521.8 6.8800
600 0.06527 32672 36588 7.1693 | 0.055665 3261.0 3650.6 7.0910 0.048463 32547 36424 7.0221
700 0.07355 34530 38943 7.4247 0.062850 3448.3 38881  7.3487 0.054829 344316 38822 7.2822
800 008165 36432 41331 17.6582 0.069856 3639.5 41285 7.5836 0.061011 36357 41238 75185
900 0.08964 38388 4376.6 7.8751 0.076750 38357 4373.0 7.8014 0.067082 38327 43693 7.7372
100K} 009756 4040.1 46254 B8.0786 0.083571 4037.5 4622.5 B8.0055 0.073079 40350 46196 7.9419
1100 0.10543  4247.1 4879.7 82709 0.090341 42450 48774 8.1982 0079025 42428 48750 8.1350
1200 0.11326 44598 51394 8.4534 | 0.097075 44579 Si374 8.3810 0.084934 4456.1 51355 8.3181
1300 0.12107 46777 54041 B.6273 0.103781 4676.1 5402.6 8.5551 0090817 46745 S5401.0 8.4925
P =9.0 MPa (103.35°C) P =10.0MPa (311.00°C) P =12.5 MPa (327.81°C)
Sa, 0.020489 25585 27429 5.6791 0.018028 25452 27255 5.6159 0.013496 2505.6 26743 5.4638
325 0.023284 26476 28571 58738 | 0.019877 26116 28103 5759
350 0.023816 27250 2957.3 6.0380 | 0.022440 2699.6 29240 5.9460 0.016138 26249 28266 5.7130
400 0.029960 28492 31188 62876 | 0.026436 28331 30975 6.2141 0.020030 2789.6 30400 6.0433
450 0.033524 29563 32580 64872 0.029782 29445 32424 64219 0.023019 29137 32015 6.2749
500 0.036793 30563 33874 6.6503 0.032811 3047.0 33751 6.5995 0.025630 130212 33436 6.4651
550 0.039885 31530 35120 6.8164 0.035655 31454 35020 6.7585 0.028033 3126.1 34765 6.6317
600 0.042861 32484 3634.1 69605 { 0.038378 32420 36258 6.9045 0030306 32258 36046 67828
650 0.045755 33434 37552 1.0954 0.041018 33380 3748.1 7.0408 0.032491 3324.1 3730.2 69227
700 0.048580 34388 3876.1 7.2229 0.043597 34340 38700 7.1693 0.034612 34220 38546 7.0540
800 0.054132 36320 4119.2 74606 | 0.048629 3628.2 41145 7.4085 0.038724 36188 41028 7.2967
00 0.059562 3829.6 4365.7 7.6802 | 0.053547 38265 43620 7.6290 0.042720 38189 43529 75195
1000 0.064919 40324 4616.7 7T.B855 | 0.058391 40299 46138 7.8349 0046641 40235 46065 7.7269
1100 0.070224 42407 48727 B.0791 0.063183 42385 4870.3 8.0289 0.050510 4233.1 48645 7.9220
1200 0.075492 44542 51336 82625 0.067938 44524 51317 8.2126 0.054342 44477 5127.0 8.1065
1300 0.080733 46729 53995 B8.437) 0.072667 4671.3 53980 8.38V4 0.058147 4667.3 5394.1 82819
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TABLE A-6

Superheated water {Conclirded)

T u u h 5 v u h s v u h s

*C mYkg kg kikg  KikgK | mVkg kikg Wihkg kikgK | mYkg Khkg kg  WkgK

P = 15.0 MPa (342.16°C) P =17.5 MPa {354.67°C) P = 20.0 MPa (365.75°C)

Sat 0.010341 24557 2610.8 53108 | 0.007932 23907 2529.5 5.1435 | 0.005862 2294.8 24121 493110
350 0.011481 25209 2693.1 5.4438

400 0.015671 27406 29757 5.8819 | 0.012463 2684.3 29024 57211 0.009950 2617.9 28169 5.5526
450 0.018477 28808 31579 6.1434 0.015204 28454 31114 6.0212 0.012721 2807.3 30617 59043
500 0.020828 29984 33108 6.3480 0.017385 29724 3276.7 6.2424 0.014763 2945.3 32412 6.1446
550 0.022945 2106.2 34504 6.5230 | 0.019305 10858 34236 64266 | 0016571 3064.7 33962 6.3190
600 0.024921 3209.3 3583.1 6.6796 | 0.021073 31925 35613 6.5890 | 0.018185 31753 35390 6.5075
650 0.026804 3310.F 37121 6.8233 0.022742 32958 36938 6.7366 0.019695 32814 36753 6.6593
700 0.028621 34098 3839.1 69573 | 0.024342 33975 38235 6.8735 | 0.021134 33851 38078 6.799I
800 0.032121 36093 40911 7.2037 | 0.027405 3599.7 40793 7.1237 | 0.02387¢ 3590.1 40675 7.0531
900 0.035503 3811.2 43437 74288 0.010348 3803.5 43346 7.3511 0.026484 3795.7 43254 7.2829
1000 0.038808 4017.1 45992 7.6378 | 0.033215 4010.7 45920 7.5616 | 0.029020 4004.3 45847 7.4950
1100 0.042062 42277 4858.6 7.8339 | 0.036029 42223 48528 7.7588 | 0.031504 42169 48470 76933
1200 0.045279 44431 51223 80192 | 0.038806 44385 51176 7.9449 | 0.033952 44338 51129 7.8302
1300 0.048469 4663.3 53903 81952 | 0.041556 4659.2 53865 8.1215 | 0.03637F 46552 53827 80574

P =250MPa P=30.0MPa P =35.0MPa
375 0.001978 17999 18494 4.0345 | 0001792 1738.1 17919 39313 | 0.001701 17028 17624 3.8724
400 0.006005 24285 2578.7 5.1400 | 0.002798 20689 21528 4.4758 | 0.002105 19149 19886 4.2144
425 0.007886 2607.8 2805.0 54708 0.005299 24529 25118 5.1473 0.003434 22533 23735 47751
450 0.009176 2721.2 29506 5.6759 0.006737 26189 2821.0 5.4422 0.004957 24975 2671.0 5.1946
500 0.011143 28873 31659 59643 | 0008691 28240 30848 5.7956 | 0.006933 27553 29979 5.6331
550 0012736 3020.8 33392 61816 | 0.010175 29745 32797 6.0403 | 0.008348 29258 32180 59093
600 0.014140 31400 34935 6.3637 | 0.011445 31034 34468 6.2373 | 0.009523 3065.6 33990 6.1229
650 0.015430 32519 36377 6.5243 | 0.012590 3221.7 35994 64074 | 0.010565 31909 35607 6.3030
700 0.016643 33599 37760 6.6702 | 0013654 33343 37439 6.5599 | 0011523 33083 37116 64621
800 0018922 35707 40438 69322 | 0.015628 3551.2 40200 6.8301 0.013278 3531.6 39963 6.7409
900 0.021075 37802 4307.1 7.1663 0.017473 3764.6 4288.8 7.0695 0.014904 37490 42706 6.9853
1000 0023150 3991.5 45702 73821 0.019240 39786 45558 7.2880 0.016450 39658 45415 7.2069
1100 0025172 4206.1 48354 7.5825 | 0.020054 41952 48239 7.4906 | 0.017942 41844 48124 74118
1200 0.027157 44246 51035 771710 0.022630 44153 50942 7.6807 0.019398 4406.1 50850 7.6034
1300 0029115 46472 5375.1 7.9494 | 0.024279 46392 53676 7.8602 | 0.020827 4631.2 5360.2 7.784l
P =40.0 MPa P =50.0 MPa P =600MPa

375 0.001641 16770 17426 3.8290 | C.001S60 16386 17166 3.7642 | 0.001503 1609.7 16999 3.7149
400 0.001911 18550 19314 4.1145 | 0.001731 17878 18744 4.0029 | 0.001633 17452 18432 39317
425 0.002538 20975 2199.0 4.5044 | 0.002009 1960.3 20607 4.2746 | 0.001816 18929 20018 4.1630
450 0.003692 2364.2 2511.8 4.9449 | 0.002487 21603 22847 4.5896 | 0.002086 2055.1 2180.2 4.4140
500 0.005623 26816 29065 54744 0.003890 2528.1 27226 5.1762 0.002952 2393.2 25703 49356
550 0.006985 2875.1 31544 5.7857 0.005118 27695 30254 5.5561 0.001955 2664.6 29019 5.3517
T 600 - 0.008089 3026.8 33504 60170 | 0.006108 29471 32526 5.8245 | 0.004833 2866.8 31568 5.6527
650 0.009053 3159.5 35216 6.2078 | 0.006957 3095.6 34435 6.0373 | 0.005591 30313 33668 5.8867
700 0.009930 32820 3679.2 6.3740 | 0007717 32287 36146 62179 | 0.006265 31754 35503 6.0814
800 0.011521 35118 39726 6.6613 | 0009073 34722 39258 6.5225 | 0.007456 3432.6 38800 6.4033
900 0.012980 137333 42525 69107 | 0.010296 3702.0 42168 6.7819 | 0.008519 36709 41821 6.6725
1000 0.014360 139529 45273 7.1355 | 0011441 39274 44994 7.013) 0.009504 39020 44722 69099
1100 0.015686 41737 4801.1 7.3425 0.012534 41522 47789 7.2244 0.010439 41309 47573  7.1255
1200 0.016976 43969 50759 7.5357 | 0.013590 4378.6 5058.1 7.4207 | 0.011339 4360.5 50408 7.3248
1300 0018239 46233 53528 7.7175 | 0.014620 4607.5 53385 7.6048 | 0.012213 4591.8 53245 75111




Specific volume, Internal energy, Enthalpy, Entrapy,
mkg kifg kifkg kg K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp., press.,  liquid, vapor, liquid, Ewvap., vapar, tiquid, Evap., wvapor, liquid, Ewvap., vapor,
T°C PakPa v, v, u u, o, hy hy h, 5 8 L
—40 51.25  0.0007053 0.36064 =0.036 207.42 207.38 000 22586 225.86 0.00000 0.96869 0.96869
=38 56.86 0.0007082 0.32718 2472 20606 208.53 2512 224.62 22713 001071 0.95516 0.96588
=36 6295 (.0007111 0.29740 4.987 20469 209.68 5.032 22337 22840 0.02137 094182 0.96319
=M 69.56 0.0007141 0.27082 7.509 203.32 210.83 7.559 222.10 229.66 0.03196 0.92867 0.96063
-3 76.71  0.0007171 0.24706 10.04 20194 211,97 10.09 220.83 230.93 0.0424%9 0.91569 0.95819
=30 8443 0.0007201 0.22577 12.58 20055 213.12 1264 219.55 232.19 0.05297 0.90289 0.95586
-28 92,76  0.0007232 0.20666 1512 199.15  214.27 15.19 21825 23344 0.06339 0.89024 0.95364
=26 101.73  0.0007264 0.18947 17.67 197,75 21542 17.75 21695 23470 0.07376 0.87776 095152
-4 111,37 0.0007296 0.17398 20.23  196.34  216.57 20.31 215.63 23594 0.08408 0.86542 0.94950
=22 12872 0.0007328 0.15999 2280 19492 2171 2289 21430 237.19 0.09435 0.85323 0.94758
=20 132.82 0.0007361 0.14735 2537 19349 218.86 2547 21296 23843 0.10456 0.84119 0.94575
-8 [44.69 0.0007394 0.13589 27196 19205 22000 2807 211.60 239,67 0.11473 0.82927 (.9440]
-16 15738 0.0007428 0.12550 30.55 19060 221.15 30.67 21023 24090 0.12486 0.81749 0.94234
-14 17093 0.0007463 0.11605 3315 189.14 22229 3328 20884 24212 0.13493 0.80583 0.94076
-12 185.37 0.0007498 0.10744 3576 187.66 22342 3590 207.44 24334 0.14497 0.79429 0.93925
=10 200,74 0.0007533 0.099600 3838 18618 22456 J8.53 206.02 244.55 0.15496 0.78286 0.93782
-8 217.08  0.0007570 0.092438 41.01 184.69 225.69 4117  204.59 24576 0.16491 077154 0.93645
-6 234.44 0.0007607 0.085888 4364 183.18 226.82 43.82 203.14 24695 0.17482 0.76033 0.93514
-4 252,85 0.0007644 0.079889 46.29 181.66 22794 46.48 201,66 248.14 0.18469 0.74921 0.93390
-2 272.36 0.0007681 0.074388 4894 18012 229.07 49.15 200,17 24933 0.19452 0.73819 093271
0 293.01  0.0007722 0.06933% 31,61  178.58 230.18 51.83  198.67 250.50 0.20432 0.72726 0.93158
2 J14.84  0.000776} 0.064690 5428 17701 23130 5453 197.14 251.66 0.21408 071641 0.93050
4 337.90  0.0007802 0.060412 56.97 17544 23240 57.23 19558 252.82 0.22381 0.70565 0.92946
6 362.23  0.0007843 0.056469 59.66 173.84 233.51 59.95 19401 253.96 0.23351 0.69496 0.92847
8 387.88  0.0007886 0.052829 62.37 172,23 234.60 62.68 19242 255.09 0.24318 0.68435 0.92752
10 414.89 0.0007929 0.049466 65.09 17061 235.69 6542 190.80 256.22 0.25282 0.67380 0.92661
12 44331 0.0007973 0.046354 67.82 16896 2316.78 68.17 189.16 257.33 0.26243 0.6633) 0.92574
14 473.19  0.0008018 0.043471 70.56 16730 237.86 7094 18749 258.43 0.27201 0.65289 0.92490
16 504.58 0.0008064 0.040798 73.31 16562 23893 73.72  185.80 259.51 0.28157 0.64252 092409
182 537.52 0.0008112 0.038317 7607 16392 239.99 7651 1B4.08 260.59 0.29111 0.63219 092330
20 572,07 0.0008160 0.036012 78.85 162,19 241.04 7932 18233 26164 0.30062 0.62192 0.92254
22 608.27 0.0008209 0.033867 81.64 16045 242.09 82.14 180.55 262.69 0.31012 0.61168 0.92180
24 646.18 0.0008260 0.031869 B4.44 158.68 243.13 8498 17874 26372 0.31959 0.60148 0.92107
26 685.84 0.0008312 0.030008 87.26 15689 244.15 87.83 17690 264.73 0.32905 0.59131 0.920316
3 727.31  0.0008366 0.028271 90.09 15508 245.17 90.70 17503 265.73 0.33849 0.58117 0.91967
30 770.64 0.0008421 0.026648 9293 15324 246.17 9358 17313 266.T1 0.34792 0.57105 0.91897
2 815.89 0.0008477 0.025131 95.79 151.37 247.17 9649 171.19 267.67 0.35734 0.56095 0.91829
k¥ | 863.11 .0.0008535 0.023712 98.67 14948 248.15 9941 169.21 268.61 0.26675 0.55086 091760
36 912.35  0.0008595 0.022383 101.56 147.55 249.11 102.34  167.19 269.53 0.37615 0.54077 0.91692
38 963.68 0.0008657 0.021137 104.47 14560 25007 105.30  165.13 270.44 0.38554 0.53058 0.91622
40 1017.F  0.0008720 0.019968 107.39 14361 251.00 108.28 163.03 2713} 0.394931 0.52059 0.91552
42 1072.8  0.0008786 0.018870 110.34 141,59 251.92 111.28  160.89 272.17 0.40432 0.51048 0.91480
44 1130.7  0.0008854 0.017837 11330 139.53 252.83 11430  158.70 273.00 041371 0.50036 0.91407
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TABLE A-11 ' ' '

Saturaled refrigerant-13da—Temperature table  (Concluded)

Specific valume, Internal energy, Enthalpy, Entrapy,
mYkg kifkg kifkg kkg-K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp.. press.. liquid, vapor, liguid, Evap.. vapor, liquid, Evap., vapor, liquid, Ewvap., vapor,
re°c Py kP2 u, v, t g o, hy by, h, 5 5 s,
46 1191.0  0.0008924 0.016866 11628 137.43 2517 117.34  156.46 273.80 0.42311 0.49020 091331

43 1253.6  0.0008997 0.015951 11928 135.30 254.58 12041 154,17 274.57 043251 048001 091252
5 1386.2 0.0009151 0.014276 12535 130.89 256.24 126.62 149.41 276.03 045136 0.45948 0.91084
36 1529.1 0.0009317 0.012782 13152 12629 257.81 13294 14441 277.35 0.47028 0.43870 090898
60 1682.8 0.0009498 0.011434 13779 12145 259.23 13938 139.09 27847 0.48930 041746 0.90676
65 189L.0 0.0009751 0.009959 145.80 11506 260.86 147.64 13205 279.69 0.51330 039048 0.50379
70 2118.2  0.0010037 0.008650 154.03 10817 262.20 156.15 12437 280.52 0.53763 0.3623% 0.90002
75 2365.8 0.0010373 0.007486 162.55 100.62 263.17 165.01 11587 280.88 0.56252 0.33279 0.89531
30 26353 0.0010774 0.006439 17143 9222 263.66 174.27 106,35 280.63 0.58812 0.30113 0.38925
85 2928.2 0.00t1273 0.005484 180.81 B2.64 26345 184.11 9539 279.51 0.61487 0.26632 0.88120
%0 32469 0.0011938 0.004591 i90.94 71,19 262.13 194.82 8222 271.04 0.64354 0.22638 0.8699)
95 3594.1 0.0012945 0.003713 20249 5625 258.73 207.14 6494 272.08 0.67605 0.17638 0.85243
100 3975.1 0.0015269 0.002657 21873 2972 24846 22480 3422 259.02 0.72224 (.09169 0.81393

Soerve of Dun: Tables A=11 through A= 13 are generaied using the Engincering Gguation Setver (EES) sofiware develped by §. A. Kicin and F. L. Alvarado. The routine used
in calculations is the R13a, which is hased on the'fundanicntal equation of e developed by R. Tillner—Re<h and HAD. Bachr, “An Internatinnal Stantand Forayubation ter the
Thermodynamic Properties of 1,1,1.2-Tetraflvaroethane (HFC- 1342} for temperatures from 170 K 1o 455 K and pressures up to 70 MPa.” 4. Plvs, Chem. Ref. Data. Vol 23, No, §,
994, The enthalpy amd entrepy values of saturated liquid arc sct to vem at =41°C (ard =40°F),
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f -:/‘;/"’ Sitwrated refrigerint-134a—Pressure table

/ Specific volume, Internal energy, Enthaipy. Entropy.
mifkg Kikg kifkg klfkg-K
Press.,  Sat.  Sa. Sat. Sat. Sat. Sau Sat. Sat. Sat.
P temp., liquid, vapaor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap.,  vapor,
kPa TuC Y, Ye iy Yy e hy by h 5 i 5
60 =36.95 0.0007097 0.31108 3.795 20534 209.13 3837 22396 227.80 0.01633 (.94812 0.96445
70 ~3387 0.0007143 0.26921 7.672 203.23 21090 7.722 22202 22974 0.03264 092783 0.96047
80 =113 00007184 0.23749 11,14 20133 21248 1120 22027 23147 0.04707 0.91009 0.95716
90  -28.65 0.0007222 0.21261 1430 199.60 213.90 1436 218.67 233.04 0.06003 0.89431 0.95434
100 -26.37 0.0007258 0.19255 17.19 198.01 21521 1727 21719 234.46 0.07182 0.88008 0.95191
120 =22.32 0.0007323 0.16216 2238 19515 21753 2247 214.52 236.99 0.09269 0.85520 0.94789
140 -18.77 0.0007381 0.14020 2696 192.60 219.56 2706 212.13 239.19 0.11080 0.83387 0.94467
160 ~15.60 0.0007435 0.12355 J1.06 19031 221.37 J1.I8 209.96 241.14 0.12686 0.81517 0.94202
180 —12.73 0.0007485 0.11049 J48t  188.20 223.01 3494 20795 24290 0.14131 0.79848 0.93979
0 -10.09 0.0007532 0.099951 1826 1B6.25 224.5) 3841 20609 244.50 0.15449 0.78339 0.93788
240 =5.38 0.0007618+ 0.083983 44.46 18271 227.17 4464 20268 24732 0.17786 0.7568% 0.93475
280 —1.25 0.0007697 0.072434 4995 179.54 22949 50.16 199.61 249.77 0.19822 0.73406 0.93228
20 246 00007771 0.06368] 5490 17665 231.55 55.14 196.78 25193 0.21631 0.71395 0.93026
360 5.82 0.0007840 0.056309 5942 17399 23341 5970 194.15 25186 0.23265 0.69591 0.92856
400 8.91 0.0007905 0.051266 6361 17149 23510 63.92 191.68 255.61 0.24757 0.67954 0927t
450 12.46 0.0007983 0.045677 68.44 16858 237.03 68.80 188.78 257.58 0.26462 0.66093 0.92555

500 1571 0.0008058 0.041168 7292 16586 238.77 73.32 186.04 259.36 0.28021 064399 0.52420
550 i8.73 0.0008129 0.037452 7709 16329 240.38 77.54 18344 26098 0.29460 062842 092302

600 21.55 0.0008198 0.034335 8101 16084 241.86 81.50 180.95 262.46 0.30799 0.61398 092196
650 2420 0.0008265 0.031680 8472 15851 2432} 8526 178.56 261.82 0.32052 0.60043 0.92100
700 26.69 0.0008331 0.029392 8824 156.27 24451 8882 176.26 265.08 033232 0.58780 0.92012
750 29.06 0.0008395 0.027358 91.59 15411 245.70 92,22 174.03 266.25 0.34348 0.57582 0.91930
800 3t.31 0.0008457 0.025645 94.80 152.02 246.82 9548 171.86 267.34 0.35408 0.56445 0.91853
850 33.45 0.0008519 0.024091 97.88 150.00 247.88 98.61 169.75 268.36 036417 055362 091779
200 355! 0.0008580 0.022703 100.84 14803 248.88 101.62 167.69 269.31 0.37383 054326 0.91709
950 3748 0.0008640 0.021456 103.70  (46.11 249.82 104.52 16568 270.20 0.38307 0.53333 0.91641
1000 39.37 (.0008700 0.020329 10647 14424 250.71 107.34 163.70 271.04 0.39196 0.52378 091574

0 46,29 0.0008935 0.016728 116.72 137.12 253.84 779 156.12 273.92 0.42449 0.48370 091320
1400 5240 00009167 0.014119 12596 130.44 256.40 127.25 148.92 276.17 045325 045742 091067
1600 57.88 0.0009400 0.012134 13445 12405 258.50 13596 141.96 277.92 047921 042881 0.90802
1800 62.87 0.0009639 0.010568 14236 1i7.85 260.21 144.09 13514 279.23 0.50304 040213 090517
2000 6745 0.0009887 0.009297 149.81 11175 261.56 151.78 128.36 280.15 0.52519 0.37684 0.50204
2500 77.54 0.0010567 0.006941 167.02 96.47 263.49 169.66 111.18 280.84 0.57542 031701 0.89243
3000 86.16 0.0011410 0.005272 183.09 80.17 261.26 186.51 9257 279.08 0.62133 0.25759 0.87893
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TABLE A-13
Superheated refrigerant-134a

B73

APPENDIX 1

T v u h 5 v u h s v u h 5
*C m'kg  kikg Kikg KikgK | m'g ki/kg kifkg tifkg-K | m¥kg kg kg klfkg K
P =(.06 MPa (T,,, = =36.95°C) P=0.10MPa (T, =-26.37°C) P=0.14 MPa (T, = -18.77°C}
Sat. 031108 209.13 227.80 0.9645 0.19255 21521 23446 09519 0.14020 21956  239.19  0.9447
=20 0.33608 22062 240.78 1.0175 | 0.19841 219.68 239.52 0.972]
=106 0.35048 22757 24860 1.0478 020743 226,77 247.51 1.0031 0.14605 22593 24637 0.9724
0 0.36476 234.67 25656 1.0775 | 021630 23197 25560 1.0333 0.15263 23325 25461 1.0032
10 0.37893 24194 264.68 1.1067 022506 241.32 263.82 1.0628 0.15908 24068 26295 1.0331
20 0.39302 24937 27295 1.i1354 0.23373  248.81 27218 1.0919 0.16544 24824 27140 1.0625
i0 0.40705 25697 281.39 1.1637 0.24233 25646 280.69 1.1204 0.17172 25595 27999 1.0913
40 042102 26473 28999 1.1916 025088 264.27 289.36 1.1485 017794 26380 28872 1.1196
50 043495 272.66 298.75 1.2192 0.25937 27224 298.17 1.1762 0.18412 271.81 297.59 1.1475
60 0.44883 280.75 307.68 1.2464 0.26783 280.36 107.15 1.2036 0.19025 27997 30661 11750
70 0.46269 289.01 31677 1.2732 0.27626 288.65 316.28 1.2306 0.19635 288.29 315.78 1.2021
80 0.47651 297.43 326.02 1.2998 0.28465 297.10 32557 1.2573 0.20242 296.77 325.11 1.2289
90 0.49032 2306.02 33543 1.3261 0.29303 305.71 33501 1.2836 0.20847 30540 33459 1.2554
100 0.50410 314.76 345.01 1.3521 0.30138  314.48 3461 1.1097 0.21449 314,19 34422 1.2815
. P =0.18 MPa (T, = =12.73°C) P =0.20 MPa (T,,, = —10.09°C) P =0.24 MPa (T, = -5.38°C)
Sat. 0.11049 22301 24290 (.9398 0.09995 22451 24450 0.9379 0.08398 227.17 24732 09348
-10 O.11189 225.04 24548 09485 0.09991 224,57 244,56 09381
o 0.11722 23249 253.59 09799 0.10481 232.11 253.07 0.9699 0.08617 23130 25198 0.9520
10 0.12240 240.02 262.05 1.0103 | 0.10955 23969 261.60 1.0005 | 0.09026 23900 26066 0.9832
20 0.12748 247.66 270.60 1.0400 0.11418 247.36 270.20 1.0304 0.09423 24676 26938  1.0134
10 0.13248 255.43 279.27 1.0691] 0.11874 255.16 27891 1.0596 0.09812 254.63 278.17 1.0429
40 0.13741 263.33 288.07 1.0976 0.12322  263.09 28774 1.0882 0.10193  262.6) 287.07 1.07i8
50 0.14230 271.38 297.00 1.1257 0.12766 271.16 296.70 1.1164 0.10570 27073 296.09 1.1002
60 0.14715 279.58 306.07 1.153) 0.13206 279.38 30579 1.1441 0.10942 27898 30524  1.128!
70 0.15196 287.93 31528 1.1806 0.13641 28775 31503 1.1714 Q11310 28738 31453 1.1555
80 0.15673 29643 32465 1.2075 | 0.14074 296.27 32441 1.1984 | O.11675 29593 232395 1.i826
%0 0.16149 30500 334.16 1.2340 0.14504 30493 333.94 1.2250 0.12038 304.62 33351  1.209)
100 0.16622 31390 343.82 1.2603 0.14933 313175 343.62 1.2513 0.12398 31346 34322  1.2356
P =0.28 MPa(T,,, =~-1.25°C) P =032 MPa (T, = 2.46°C) P =0.40 MPa (T,,, = 8.91°C)
Sat. 0.07243  229.49 24977 09323 | 006368 231.55 251.93 09303 | 0051266 23510 25561 0.9271
0 007282 23046 250.85 0.9362
10 0.07646 238.29 259.70 (.9681 0.06600 237.56 258.70 0.9545 | 0.051506 23599 25659 0.9306
20 0.07997 246.15 26B8.54 0.9987 0.06925 24551 267.67 0.9856 | 0.054213 244,19 26588 09628
30 008338 25408 27742 1.0285 | 0.07231 25352 276.66 1.0158 | 0.056796 252.37 27509 0.9937
40 0.08672 262.12 28640 1.0577 0.07530 261.62 285.72 1.0452 | 0.059292 260.60 28432 1.0237
50 005000 270.28 29548 1.0862 0.07823 269.83 294.87 1.0739 | 0.061724 26892 29161 1.0529
60 0.09324 278.58 30469 1.1143 0.08111 278.17 304.12 1.1022 | 0.064104 27734 30298 1.0814
.70 0.09644 287.01 31401 11419 0.08105 286.64 313.50 1.1299 | 0.066443 28588 31245 11095
80 0.0996) 29559 32348 1.1690 0.08675 295.24 323.00 1.1572 | 0.068747 29454 32204 1.1370
90 0.10275 30430 333.07 1.1958 0.08953 303.99 332.64 1.184% 0071023 30334 33175 L.ledl
100 0.10587 313.17 342.8fF 12223 0.09229 212.87 34241 12106 | 0.073274 312.28 341.59 1.1908
1o 0.10897 322.18 35269 1.2484 | 0.09503 32191 35231 1.2368 | 0.075504 321.35 35155 L2172
120 0.11205 33134 36272 1.2742 0.09775 331.08 362.36 1.2627 0077717 33056 361.65 1.2432
130 0.11512 340.65 372.88 -1.2998 | 0.10045 34041 37255 1.2883 | 0.079913 33992 1371.89 1.2689
140 0.11818 350,11 38320 1.3281 0.10314 349.88 38289 1.3136 | 0.082096 34942 38226 1.2943



/"_ Superheated refrigerant-13a (Concluded)

T v u h 5 v “ I 5 v u h £
*C m'kg  kikg  klkg KikgK | m¥kg Kkg kg kikgK | m'kg Kikg  Kihkg  kikgK
P =0.50 MPa (T, = 15.71°C) P = 0.60 MPa (T,,, = 21.55°C) P = 0.70 MPa (T,,, = 26.69°C)

Sat, 0041168 238.77 259.36 0.9242 0.034335 241.86 262.46 09220 0.029392 24451 26508 0.9201
20 0042115 24242 263.48 0.9384
30 0044338 250.86 273.03 0.9704 0.035984 24924 270.8) 0.9500 0.029966 247.49 26847 09314
40 0.046456 25927 282.50 1.0011 0.037865 257.88 2B80.60 0.9817 0.031696 256.41 27859 0.9642

50 0048499 26773 29198 1.0309 | 0.039659 266.50 290.30 1.0122 0.033322 265.22 288.54 0.9955
60 0.050485 276.27 301.51 1.0600 0041389 27517 300.00 1.0417 0.034875 274.03 29844 1.0257
70 0052427 28491 311.12 1.0884 0.043069 283.91 309.75 1.0706 | 0.036373 28288 308.34  [.0550
80 0.054331 293.65 320.82 1.1163 0.044710 292,74 319.57 1.0988 0.037829 291.81 31829 1.0835
90 0.056205 302.52 330.63 1.1436 | 0.046318 30169 12948 1.1265 0.039250 300.84 328.31 1.1135

100 0.058053 311.52 340.55 1.1706 | 0.047900 310.75 339.49 11536 | 0.040642 30996 33841  1.1389

110 0.059880 32065 350.59 1.1971 0.049458 31993 349.61 1.1804 { 0.042010 319.21 34861 1.1659

120 0.061687 1329.91 360.75 1.2233 0.050997 329.24 359.84 1.2068 0.043358 328.57 135892 1.1925

130 0.063479 339.31 371.05 1.2492 0.052519 33869 37020 1.2328 0.044688 338.06 36934 1.2186

140 0.065256 348.85 3B1.47 1.2747 0.054027 348.26 380.68 1.258S 0.046004 347.67 379.88  1.2445

150 0.067021 358.52 392.04 1.3000 0.055522 35798 1391.29 1.2838 0.047306 35742 39054 1.2700

160 0.068775 368.34 402.73 1.3250 0.057006 367.83 402.03 1.3089 ] 0.048597 1367.31 40132 1.2952

P=080MPa(7,=3131°C) , P =090MPa (T, =3551°C) P =100MPa (T, = 39.37°C)

Sau 0.025645 246.82 267.34 0.9185 0.022686 248.82 269.25 0.9169 | 0.020319 25071 271.04 09157
40 0.027035 25484 276.46 0.9481 0023375 253.15 274.19 09328 0.020406 25132 27173 0.9180
50 0.028547 2631.87 286.71 0.9803 0.024809 26246 284.79 0.966) 0.021796 26096 28276 0.9526
60 0.029973 272.85 296.82 1.011} 0.026146 271.62 295.15 0.9977 0.023068 270.3} 29340 0.9851
0 0031340 281.83 30690 10409 | 0.027413 28074 30541 1.0280 0.024261 279.61 103.87 1.0160
80 0.032659 290.86 31699 1.0699 | 0.028630 289.88 31565 1.0574 [ 0.025398 288.87 131427 1.0459
9% 0.033941 29997 327.12 1.0882 0.029806 299.08 32590 1.0861 0.026492 298.17 124.66 10749

100 0035193 309.17 33732 1.1259 | 0.03095] 2308.35 33621 l.1i41 0.027552 307.52 33508 1.1032

110 0.036420 318.47 347.61 1.153] 0.032068 31772 34658 1.1415 0.028584 31696 34554 11309

120 0.037625 327.39 35799 1.1798 0.033164 327.19 35704 1.16B4 0029592 32649 35608 1.1580

130 0.038813 33742 368.47 1.2062 0.034241 33678 367.59 1.i949 | 0.030581 336.12 36670 1.1847

140 0.039985 347.08 379.07 1.232} 0.035302 34648 37825 1.221) 0.031554 345.87 37742 12110

150 0041143 35686 389.78 1.2577 | 0.036349 1356.30 389.01 1.2468 | 0.032512 35573 388.24  1.2369

160 0.042290 366.78 400.61 1.2830 | 0.037384 366.25 399.89 1.2122 0.033457 365.71 399.17 1.2624

i70 0.043427 376.83 411.57 1.3081 0.038408 37633 41089 1.2973 0.034392 375.82 41022 1.2876

180 0.044554 387.01 422.65 1.3328 0.039423 386.54 422.02 1.3221 0.035317 386.06 421.38 1.3125

P = 1.20 MPa (T,,, = 46.29°C) P = 1,40 MPa (T,,, = 52.40°C) P = 1.60 MPa (T, = 57.88°C)

Sar. 0.016728 253.84 273.92 09132 | 0.014119 25640 276.17 09107 0.012134 25850 27792 (.908D
50 0.017201 257.64 278.28 0.9268
60 0.018404 267.57 289.66 0.9615 0.015005 264.46 285.47 0.9389 0012372 26091 28071 09164
70 . 0019502 277.23 300.63 0.9939 | 0016060 274.62 297.10 0.9733 0013430 27178 29327 09536
&0 0.020529 286.77 311.40 1.0249 0.017023 284.51 308.34 1.0056 0.014362 282.11 1305.09 0.9875
90 0.021506 296.28 322.09 1.0547 0017923 29428 319.37 1.0364 ] 0.015215 292,19 31653  1.0195

100 0022442 30581 332.74 1.0836 | 0.018778 304.01 33030 1.0661 0.016014 302,16 327.78 1.0501

110 0.023348 31540 343.41 L1119 | 0019597 31376 34119 1.0949 | Q016773 31209 33893  1.0755

120 0024228 32505 354.12 1.1395 .| 0.020388 32355 35209 1.1230 | 0.017500 322.03 35003  1.1081

130 0.025086 33479 36490 1.1665- | 0.021155 133341 363.02 1.1504 | 0.018201 33202 361.14 1.1360

140 0.025927 34463 37574 1.1931 0.021904 34334 37401 11773 0.018882 134206 372.27 1.1633

150 0.026753 354.57 386.68 1.2192 0.022636 353.37 385.07 1.2038 | 0.019545 352,19 38346 1.190l

160 0.027566 364.63 39771 1.2450 | 0.023355 363.5f 39620 1.2208 0.020194 36240 39471 1.2164

170 0.028367 37480 40884 1.2704 0.024061 37375 407.43 1.2554 0.020830 37271 406.04  1.2422

180 0.029158 385.10 420.09 1.2955 0.024757 384.12 418.78 1.2808 0.021456 383.11 41746 1.2677
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View factor between two perpendicular rectangles
with a common edge (for Q 3(a))
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Common semi-empirical correlations of Nusselt number

For Parallel Flow Over Flat Plates (Constant surface Temp)

Laminar: Nu = I—%— = 0.664 Ref- pr”? Re, < 5 x 108
0.6 = Pr = 60
Turbulent:  Nu = % = (1.037 Re?® pri”? ) i
k ' 5 X 107 = Re, = 107

Partly laminar and partly turbulent:

0.6 = Pr = 60
Nu =2 = 0037 Re® - 871)Pri . )
k 5% 10% = Rey, = 107

For Fully developed turbulent flow in the entire duct

- hD
N = % =0.023 RCO°8 PI,OA
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