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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.

I. (a) Explain importance of permeability and collapsibility of molding sand in sand
molding. Also explain the Match-plate pattem with relative advantages over other types

of pattern in sand casting. (6+7=13)
(b) What are the design considerations for casting? Discuss them briefly with necessary

sketches. (12)
(c) Discuss in detail the Vertical Flask less molding and Shell mold casting with

necessary sketches. (5+5=10)

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?

(12)

(7+3=10)

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. (12)
(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 bottle and Glass tube manufacturing process in detail

with necessary sketches.

(b) Discuss the following with necessary sketches:

(i) Direct and Indirect Extrusion

(ii) Forward and Backward Extrusion

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

Contd P/2

(10).

(7+6=13)

(6+6=12)

(10)
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SECTION-B

There are FOUR questions in this section. Answer any THREE.

,
5. (a) Explain the similarities and differences of consumable, and non-consumable

electrodes. (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 5 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 ofa 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. (7)
(b) From production viewpoint, what are the some of the attractive characteristics of .

resistance welding? (8)

(c) Discuss the geometric limitations offriction and inertia welding. (10)

(d) Explain the mechanism of plasma arc welding with necessary sketches. (19)

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)

(c) In which case do you find barreling effect during up-setting process? How do you

minimize the barreling effect? (10) .
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SECTION-A
. There are FOUR questions in this section, Answer any THREE questions,

(8)

(6)

(12 7)')

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?

(ii) 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. (20)

(i) What is the probability that a batch of serum survives the first departmental

inspection but is rejected by the second department?

(ii) What is the probability that a batch of serum is rejected by the third

department?

2.

,
J.

(a) Define random variable and expected value.

(b) A real estate agent has 8 master keys to open several new homes. Only I 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.

Contd P/2

=2=
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(167)')

(16)

(6)

(8)



=2=
IPE 207
eoutd ... 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 (20X)

{
ky4(l-yY,

fix) = .
0,

°~y ~ 1,
elsewhere.

(i) 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: I, 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:

x

(18)

y

f(x,y) 1 2 3
1 0.05 0.05 0.1
2 0.05 0.1 0.35
3 a 0.2 0.1

4.

(i) Evaluate the marginal distribution ofx.

(ii) Evaluate the marginal distribution ofy.

(iii) Find P(y = 31x = 2).

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

(b) Explain Stratified and Systematic Random Sampling.

(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 Virginia 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.

(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.

Contd P/3

(6)

(8)

(16)
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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.

(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%.

(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 20?

(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?

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

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

counter in a given millisecond?

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.

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 10.4 2645 16.0

2935 12.2 2675 13.8

4975 11.2

Contd P/4

(15)

(1670

(15)

(36 Y,)
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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 HO:/31 = 0 versus HI:/31 ot O.

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

7. (a) 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 16 26 41 62 88 119

Distance, d(m)

i. Fit a multiple regression curve of the form

/1DI, = /3rJ + /31V + /32,;2.
ii. Estimate the stopping distance when the car is traveling at 70 kilometers per

hour.

(b) What are the pitfalls in using R2?

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.

A B C D E

5.2 9.1 3.2 2.4 7.1

4.7 6.0 5.8 3.4 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 7.2 4.0 7.6

(b) Prove that-

k

E(SSA) = (k-1)cr2 + n La;'
i=1

Where the symbols carry their usual meaning.

(11%)

(30)

(16%)
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Tablej; Critical Values of the F-Distribution

10.0.(vu V2)

Vi

V2 1 2 3 4 5 6 7 8 9

1 161.45 199.50 215.71 224.58 230.16 233.99 236.77 238.88 240.54

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 9.12 9.01 8.94 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 4.82 4.77

6 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10

7 5.59 4.74 4.35 4.12 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 .3.23 3.18

10 4.96 4.10 3.71 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 2.90

12 4.75 3.89 3.49 3.26 3.11 3.00 2.91 2.85 2.80

13 4.67 3.81 3.'11 3.18 3.03 2.92 2.83 2.77 2.7.1

14 4.60 3.74 3.34 3.11 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 4.49 3.63 3.24 3.01 2.85 2.74 . 2.66 2;59 2.54

17 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.49

18 4.41 3.55 3.16 2.93 2;77 2.66 2.58 2.51 2.46

19 4.38 3.52 3.13 2.90 2.74 2.63 2.5<1 2.48 2.42

20 4.35 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39

21 4.32 3.47 3.07 2.84 2.68 2.57 2.49 2.<12 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 2.99 2.76 2.60 2.49 2.40 2.34 2.28

26 4.23 3.37 2.98 2.74 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 2.7.1 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 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2:21

40 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 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

00 3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.88'
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~./ Table . Critical Values 6fthe T-Distribution
"
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Q

" 0.40 0.30 0.20 0.15 0.10 0.05 0.025

1 0.325 . 0.727 1.376 1.96.1 3.0i8 6.314 12.706

.1 2 0.289 0.617 1.061 1.386 1.886 2.920 4.30.1

3 0.277 OJ)84 0;978 1.200 1.638 2.3,,,1 3.182

4 0.271 0.569 0.941 1.190 1.533 2.132 2.776

5 0.267 0.559 0;920 1.156 1.-<176 2.015 2.571

6 0.265 0.553 0.906 1.134 1.440 1.943 2.447

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 1.8.1.1 2.262

10 0.260 0.542 0.879 1.093 1.372 1.812 2.228

11 0.260 0.540 0.876 1.088 1.363 1.i96 2.201

12 0.259 0.539 0.873 J.(l&'l 1.356 1.782 2.179

13 0.2-59 0.538 0.8iO 1.079 1.350 1.771 2.160

14 0.258 0.537 0.868 1.076 1.345 L761 2.145

15 0.2,';8 0.536 0.866 1.074 1.341 1.753 2.131

16 0.258 0,535 0.865 1.071 1.337 1.746 2.120

17 0.257 0.534 0.863 1.069 1.3.13 1.740 2.110

18 0.257 0.534 0.862 1.007 1.3.'10 1.734 2.101

19 0.257 0.53.1 0.861 1.006 1.328 1.729 2.093

20 0.257 0.533 0.8roO 1.06-1 l.325 1.725 2.0Sli

21 O.25i 0.532 0.859 1.063 1.32.1 1.721 2.080

22 0.256 0.5.12 0.858 1.061 1.321 1.717 2.074

23 0.256 0.5:12 0.858 1.0f>O 1..119 L71<1 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 l.315 L706 2.056

27 0.2M 0.531. 0.855 1.057 1.314 1.703 2.052

28 0.256 0.530 0.855 1.056 1.313 1.701 2.048

29 0.2M 0.530 0,854 1.0ar) 1.311 1.699 2.045

30 0.256 0.530 0,854 1.055 1.310 1.697 2.042

40 0.255 .0.529 0.851 1.050 1.303 1.684 2.021

60 O.25LJ 0.527 0.848 1.0'15 1.296 1.6il 2.000

120 0.254 0.526 0.845 1.041 1.289 1.658 1.980

00 0.253 0.524 0.842 1.036 1.282 1.645 .1.960
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Table~ritical Values .~fthe T-Distribution (continued)'
a

" 0.02 0,015 0.01 0.0075 0.005 0.0025 0.0005
1 15.894 21.2())j 31.S21 42.43.3 6.3.656 127.321 636.578
2 4.849 5.643 6.9G5 8.073 9.925 14.089 31.600
3 3.482 3.896 4.541 5.047 5.841 7.453 12.924
4 2.999 3.298 3.741 4.088 4.604 5.598 8.610 '
5 2.757 3.003 3.365 3.634 -1.032 4.n3 6.869
6 2.612 2.829 :1.143 :1,372 3,707 4.311 5.959
7 2.517 2.715 2.998 3,203 3.499 4.029 5.408
8 2.449 2.6.34 2.896 3.085 3,355 3,83:1 5.041
9 2.:198 2.51<1 2.821 2.998 3.250 3.690 4.781
10 2.359 2.52; 2.764 2,932 3,109 3,581 4.587
11 2.328 2,491 2.718 2.879 3.106 3.491 4.437
12 2.303 2,461 U>S1 2,836 3.055 3.428 4.318
13 2.282 2.436 2.650 2.801 3,012 3.372 4.221
14 2.264 2.415 2.624 2,iil 2.977 3.326 4.140
15 2.249 2.397 2.602 2.746 2.947 3.286 4.073
16 2.235 2.382 2;583 2.724 2.921 3.252 4.015
17 2.224 2.368 2.567 2.706 2.898 3.222 3.965
18 2.214 2.356 2.552 2.689 2.818 3.191 3.922
19 2.205 2.346 2.539 2.674 2.861 3.174 3.88.3
20 2.197 2.3.36 2.528 2.661 2.845 3.153 3.850
21 2.189 2.328 2.518 2.649 2.831 3.135 :l.819
22 2.18.3 2.320 2.508 2.639 2,819 3.119 3.792
23 2.1n 2.313 2.500 2.629 2,801 3.104 3.768
24 2.172 2.307 2.492 2.620 2.797 3.091 3.745
25 2.167 2.301 2.485 2.612 2.787 3.078 3.125
26 2.162 2.296 2.479 2.605 2.779 3.067 3.707
27 2.158 2.291 2.473 2.598 2.771 3.057 3.689
28 2.154 2.286 2.467 2.592 2.763 3.047 3.674
29 2.150 2.282 2.462 2.586 2.756 3.038 3.(>60
30 2.14; 2.278 2.457 2';)81 2.750 3.030 3.(><16
40 2.12.3 2.250 2.42.3 2,542 2.104 2.9i1 :1.551GO 2.099 2.22:1 2.390 2.504 2.060 2,915 3.460
120 2.076 2.196 2.358 2.468 2.617 .2.860 3.373
00 . 2.054 2.170 2.326 2.432 2.576 2.807 3.290
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The figures in the margin indicate full marks

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

I. (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.

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.

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/yd3-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 I year from now.

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

bank's perspective.

Contd , ..... P/2

(16X)

(15)

(8 X)
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3. (a) In 2010, local banks sold US dollars to importers at a rate of BOT 70. In 2022 they

are selling dollars at a rate of BOT 105. Using compound interest formula (i) Calculate

the rate of increase of dollar price from 20 10 to 2022. (ii) If the rate of increase remains

the same, how long will it take to reach the dollar price to BOT 130? (iii) How much

money in 20 lOis equivalent to a BOT 1000 note today? Assume interest rate is same

as the rate of increase of dollar price calculated earlier. (10 X)
(b) An engineer joined a company in January 2010 with a lump-sum salary of BOT

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 20 I0 for his

experience in the job. (i) Oraw 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. (ii)

What is the present equivalent of his salary payments if monthly compounded at a

nominal rate of 12% annually? What is the actual rate of increase of his salary in tern1S

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

4. (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 BOT 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 II % per interest year, so that he will

have sufficient funds in that account to cover his projected maintenance expenses?

Oraw also the cash flow diagram for the problem.

(b) My 1998 Toyota corolla is quite functional, but it only averages 20 miles per gallon

(mpg). I have found a somewhat newer vehicle (roughly the same functionality) that

averages 25 mpg. I can sell my current car for BOT 1,000,000 and purchase the newer

vehicle for BOT 1,500,000. Assume a cost of gasoline BOT 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 myoid

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

after twelve years, and identical maintenance cost.

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

Assume reasonable values for missing data, if any.

5. 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

incremental IRR.

Contd P/3

(8)

(15 X)

(23 ~)
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 is 20%? Use the annual worth (AW) method to compare the

alternatives.

Investment

Annual expenses

Useful life (years)

Salvage value

A

33,200

2,165

5

o

B

47,600

1,720

9

5,000

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

your answer. How can you calculate CR?

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

detennine its annual equivalent economic value added (EVA).

Proposed capital investment = $84,000

Salvage value (end of year four) = $0

Annual expenses per year = $30,000

Gross revenues - $70,000

Depreciation method = Straight line

Useful life = four years

Effective income tax raie (t) = 50%

After-tax MARR (i) = 12% performance year

(b) A new electric saw for cutting small 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.

Tabulate the annual depreciation anlOunt and Book Value (BV) for each year.

Contd P/4

(8)

(13~)
3

(10)
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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.

I. (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. I (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)

_. .'"
Stiaft60. mrit4J~'

r--. ----
•. T .

Shaft
~keyJ ~iO'mm

'J ~f~,,'I.."
'. '~omm

-1'1 I-
b'.' .

Fig. for Q. I (a)

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

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

magnitude is 50 kN. (20)

,Aly:rnLnUI)l
Ui.:3:m',
A~'SOO'nini2.>
E:~7o:t!¥a:.

~I
i=~itti,

,A.""jori;mm2 .
f;=iQo'GPa

. A
Q

p

:C'. ".

is"m,'....

Fig. for Q. I (b)

..
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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 AI = 840 mm2 and length LI =

200 mm. The middle segment has cross-sectional area A2 =1260 mm2 and length L2 =

250 mm. Loads Pa and Pc are equal to 25.5 kN and 17.0 kN, respectively.

(i) Determine the reactions RA and Ro at the fixed supports.

(ii) Determine the compressive axial force Fac in the middle 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, /:; = 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 mm2, E = 120 GPa,

and (J. = 16.8 ~m/(m 0c). For the aluminum bar, A = 400 mm2, E = 70 GPa, and (J. =

23.1 ~LI1l1(m0c).

(20)

(15)

.

i
'U

'E
,E'
'~

Fig. for Q. 2(b)

Contd P/3
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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 mmdmum shearing stress in the springs. Neglect the

mass of the rigid bar. (15)

..
'2.'m:

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

Fig. for Q. 3(b) below. Deternline the normal stresses at the points A and B. (20)

Fig. for Q. 3(b)

4. (a) The stress element shown in Fig. for Q. 4(a) has (Jx = 4800 psi, (Jy = 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'/,
I
••••

".2000.
I .J .. ~.,-.".T;;oo---

••. I----~
Fig. for Q. 4(a)

Contd P/4
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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 :s;60 MPa, and G = 35 GPa. For the steel

segment BC, the diameter is 50 mm, T :s;80 MPa, and G = 83 GPa. If a = 2 m and b =

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

(15)

(20)

---------- --- ----_.

a

T

'.Ib~

C !
Fig. for Q. 5(a)

(b) A spherical gas tank is fabricated 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 ISO MPa and 250 MPa,

respectively.

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

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

. using the method of integration. EI is constant.
I
,

A ~~)iJ,"fi"'~;'ff~~c:,;i:'ti:\\i.",wj!ik;'., . - <~:.: I'i=_..r~ __ L~.. -"-T' \
Fig. for Q. 6(a)

Contd PIS
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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 h = 40 mm, the allowable bending stress for the aluminum is 128 MPa and for

the brass is 35 MPa.

~-----------------

Fig. for Q. 6(b)

(15)

7. For the loaded simple beam shown in Fig. for Q. 7

(a) Use method of sections to derive the shear force and bending moment as functions

of x over the entire bean1;

(b) Draw the shear force and bending moment diagrams;

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

(35)

I

j

I
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

e = 350 mm, dete1111inethe 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 OPa

and 250 MPa.

y.

I

.-J~------
Fig. for Q. 8(a)

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

Area Method. EI is constant.

(20)

(15)

r--- _____ ~,"' •• _7'C•• '7-_ •• :ce. ---,

.;JO'.KN

Fig. for Q. 8(b)
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SECTION-A

There are FOUR questions in this section. Answer any THREE.

I. (a) What is the physical significance'ofthe compressibility factor Z? (8)

(b) A l_m3 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 mis, and the exit conditions are 10 kPa, 92 percent quality,

and 50 m/s. The mass flow rate of the steam is 12 kg/so 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 mlxmg 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.

1200 kJ/min
ir

•

20"C
2.S kgl~

MIXING
CHAMBER

200kPa

6O"C

Contd P/2
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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 the high-pressure turbine at 10 MPa and 500°C and the

low-pressure turbine at I 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 T-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 ofthe steam. (4670

4. (a) Refrigerant-134a enters the compressor ofa 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 T-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.

(b) Draw the schematic and T-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?

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

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

(b) What is the physical significance of critical radius of insulation? An electrical wire at

90°C is covered by O.02-m-thick plastic insulation (k = 0.075 W/m.oC). The wire is

exposed to a medium at 50°C, with a combined convection and radiation heat transfer

coefficient of 2.5 W/m2.oC. Determine if the plastic insulation on the wire will increase

or decrease heat transfer from the wire.

(c) A 4-m-high and 6-m-wide wall consists of a long 18-cm x 30-cm cross section of

horizontal bricks (k = 0.72 W/m.°C) separated by 3-cm-thick plaster layers

(k = 0.22 W/m.oC) 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 (k = 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 hi = lOW 1m2• °C

and h2 = 20 W/m2°C, respectively. Assuming one-dimensional heat transfer and

disregarding radiation, determine the rate of heat transfer through the wall.

Contd P/3

(26%)

(20)

(8%)

(13)

(25)
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Foam
Plaster

I.Scm

30cm

1.5 cm

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 of200 W/m2, 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.oC, v = 1.608 x 10-5 m2/s. (23)
Air 200 W/m'

~ V=70kmlh
~ T,=JO.C / / / / /
->

I. L ,I
F,~. ~ .•.Ovel\. No, G(e)

7. (a) Determine the view factors FI3 and F23 between the rectangular surfaces shown in

Figure Q. 7(a).

~--3m-- .....••

~::)'~;'~,::,~f:::i{)~;;~I'~',~,~:~
> •• ~,' ., ••• 2 .•..• ".... J
•....'~"'I' .,._~;1...',,"1.',;.:~._~••."':.,'.1

AI 1m

(20%)

J
--'

H{). -80,. Q,'eII. I'J",. oz.lo..'l Contd P/4
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(b) The components of an electronic system dissipating 180 Ware located in a 1-m-Iong

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°e at a rate of 0.65 m3/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. (26)

Properties of.ir

P = 1.145 kglm3

k = 0.02625 W/m.oC

I' = 1.655x10" m2/s
C p = 1007 J/kg.oC

Pr = 0.7268

Air
27°C

0.65 mJ/min

~---.----------------------,
!

---- -.----- --- ---- --'-

8. (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 Jlkg.°C) from 25°e to 600e at a rate of 0.2 kg/so The heating is to be

accomplished by geothermal water (cp = 4310 Jlkg.°C) available at 1400e at a mass flow

rate of 0.3 kg/so 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.oe, determine the length of

the tube required to achieve the desired heating .

(lOX)

(10)

(26)

Brinc
140°(:--

.60°(:
t < ~
.f,

~:'!:l>l':~},.~:(..~f?:!'.I ..•.:'H"'.{1'-'~:

:' ";,;.;~;.'~;.~.t~},,:....--::.:~;.~:.~:~I'.;,~.~'----
,~,

t Walcr
25°('
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Gas
Crilical.poinl propulics

Molar mass, constant, Temperature. Pressure. Volume.
Substance Fonnula Mkglkmol R kJIk8,K" K MPa m'lkmo!

Air 28.97 0.2870 132.5 3.77 0.0883
Ammonia NH, 17.03 0.4882 405.5 11.28 0.0724
Argon Ar 39.948 0.2081 151 4.86 0.0749
Benzene C6"6 78,115 0.1064 562 4.92 0.2603
Bromine Br, 159.808 0,0520 584 10.34 0.1355
n-Bulane C~HIO 5UM 0.1430 425,2 3.80 0,2547
Carbon dioxide CO, 44.01 0.1889 304.2 7,39 0.0943
Carbon monoxide CO 28.011 0.2968 133 3,50 0.0930
Carbon Ictrnchloridc CCI, 153;82 0.05405 556.4 4,56 0.2759
Chlorine CI, 70:~ 0:1173 . 417 7.71 0.1242
Chloroform CHCI, 119:38 0.06964 536.6 5.47 0.2403
Dichlorodinuommelhane (R-12) CCI,F, 120:9.1 0.06876 384.7 4.01 0.2179
DichloroOuoromethane (R-2t) CHCI,F 102.92 0,08078 451.7 5.17 0.1973
Ethane c,H, 30.070 0.2765 305.5 4.48 0.1480
Elhyl alcohol C,H,OH 46.07 0.1805 516 6.38 0.1673
Elhylene C,H, 28.054 0.2964 282.4 5.12 0.1242
Helium He 4,003 2.0769 5.3 0,23 0.0578
n-Hcxanc <;H" 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 209.4 5.50 0.0924
Methane 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
Melhyl chloride CH,CI 50,488 0,1647 416,3 6.68 0,1430
Neon Ne 20.183 0.4119 44.5 2.73 0.0417
Nitrogen N, 28.013 0.2968 126.2 3,39 0.0899
Nitrous oxide N,O 44:013 0.1889 309.7 7.27 0.0961
Oxygen 0, 31.999 0,2598 154.8 5,08 0.0780
Propane e3Hll 44:097 0,1885 370 4.26 0,1998
Propylene C,H. 42:081 0,1976 365 4,62 0,1810
Sulfur dioxide S0, 64.063 0,1298 430,7 7.88 0,1217
Tetrafluoroelhane (R-I34a) CF,CH,F 102.03 0.08149 374,2 4.059 0.1993
Trichlorofluoromc1hane (R-l1) CCI,F 137,37. 0.06052 471.2 4.38 0.2478
Water H,O 18.ot5 0.4615 647,1 22.06 0.0560
Xenon Xe 131.30 0,06332 289,8 5.88 0.1186

'lhr unit UlL:tc.t( i) tqui\ .• lcnlltl LPI'm'IkS:K. lltt SIll C\tn\Ulnl i\ cakul.llrd (rum R '" NJJ', \O'ht-reR. = 8JI .•..•' Ullmul.K Ind M i~the' m••lpf "IAU.

S<'.m'r "11M",: K. A. K••he and R. E.!.)"n. Jr .. Cltrmic,,1 Rr •.fr ••. S2119SJI, J"fl. 1l7-.Btl; und ASltRAE. /lmltflu>ok nf FlInJ"mrIlW/J (AlIoWIP. GA: AmC'finn S'lCitl)' uflkalinr.
Rdris:rnllins: Ind Air.C(lndilionillg Enl!inrcn.II'IC' .. 199)1. pp. 1l1,4 Ind )6_1.
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deal-gas speciric heats of various common gases (Com/nued)

(h) Al various temperatures

Cp c. cp c. cp c.

Temperature. kJ/kg.K kJ/kg.K k kJ/kg.K kJ/kg.K k kJ/kg.K kJ/kg.K k

K Air Carbon dioxide. CO2 Carbon mC?noxidt. CO

250 1.003 0.716 1.401 0.791 0.602 1.314 1.039 0.743 1.400
300 1.005 0.718 1.400 0.846 0.657 1.288 1.040 0.744 1.399
350 1.008 0.721 1.398 0.895 0.706 1.268 1.043 0.746 1.398
400 1.013 0.726 1.395 0.939 0.750, 1.252 1.047 0.751 1.395
450 1.020 0.733 1.391 0.978 0.790 1.239 1.054 0.757 1.392
500 1.029 0.742 U87 1.014 0.825 1:229 1.063 0.767 1.387
550 1.040 0.753 '1.381. 1.046 0.857 1.220 1.075 0.778 1.382
600 1.051 0.764 ' li376'~, 1.075 0.886 ' 1.~13 1.087 0.790 1.376
650 1.063 0.776 1'.370 1:102 0.9t'3 1.2P7 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 0.959 1.197 1.126 0.829 1.358
800 1.099 0.812 1.354 1.169 0.980 .I',t'~3 1.139 0.842 1.353
900 1.121 0.834 1.344 1.204 1.0t'5 I:186 1.163 0.866 1.343
1000 1.142 0.855 1:336 1.234 1:045 iiI8'1 1.185 0.888 1.335

Hydrogen. H. Nilrogtt). H, OX)'gen,O,

250 14.051 9.927 .• 1:4t'6 1.039 0.742 1'.400 0.913 0.653 1.398
300 14.307 10.183 1.405. 1.039 0.743' 1.400 0.918 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 10.371 1.398 1.049 0.752 1:395 0.956 0.696 1.373
500 14.513 10.389 1.397' 1.056 0.759 1.391 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 0.718 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 1:392 . 1.110 0.813 1:365 1.043 0.783 1.332
800 14.695 10.570 1.390 1.I21 0:825 1.360 1.054 0.794 1.327
900 14.822 10.698 1.385 1.I45 0.849 1:349 1.074 0.814 1.319
1000 14.983 10.859 1:380 1.167 O.iliO 1.341 1.090 0.830 1.313

.~'II'n'"f()(rtll: KrnM'lh Wm. Th~rm(,J~nnmir-J.4lh rd. {XC'''''yon.: McGnw.Hill. I98JI. p. 78.1, TahIr .••....•M. OriBinaJly (lUhlilhN in Tohlt', ••fTht'~' I'mlll'"i ••, It/Gmu,
NRS CiKular ~M.19H.



Sp~cific \'Olume, lnt~mal~nergy. Enthalpy, Entropy,
m]Jkg kJlkg kJlkg kJlkg.K

Sat. Sat. Sat. Sat. Sat. Sal. Sal Sat. Sal.
Temp., press., liquid, vapor, liquid, Evap., vapor, liquid, Evap .• vapor, liquid, Evap .• vapor,
roc PPI kPa ", ", ", "" ", h, h" h, " '" "

0.01 0.6117 0.001000 206.00 0.000 2374.9 2374.9 0.001 2500.9 2500.9 0.0000 9.1556 9.1556
5 0.8725 0.001000 147.03 21.019 2360.8 2381.8 21.020 2489.1 2510.1 0.0763 8.9487 9.0249
10 1.2281 0.001000 106.32 42.020 2346.6 2388.7 42.022 2477.2 2519.2 0.1511 8.7488 8.8999
IS 1.7057 0.001001 77.885 62.980 2332.5 2395.5 62.982 2465.4 2528.3 0.2245 8.5559 8.7803
20 2.3392 0.001002 57.762 83.913 2318.4 2402.3 83.915 2453.5 2537.4 0.2965 8.3696 8.6661

25 3.1698 0.001003 43.340 104.83 2304.3 2409.1 104.83 2441.7 2546.5 0 ..3672 8,1895 8.5567
30 4.2469 0.001004 32.879 125.73 2290.2 2415.9 125.74 2429:8 2S55.6 0.4368 8.0152 8.4520
35 5.6291 0.00 I006 25.205 146.63 i27.6.0 2422,7 '146.64 2417.9 2564.6 0.5051 7.8466 8.3517
40 7.3851 0.001008 19.515 167.53 2261.9 2429.4 167,53 2406.0 2573.5 0.5724 7.6832 8.2556
45 9.5953 0.001010 15.251 188:"43 2247.7 2436.1 188.44 2394:0 2582.4 0.6386 7.5247 8.1633

SO 12.352 0.001012 12.026 209.33 2233.4 2442.7 209.34 2382.0 2591.3 0.7038 7.3710 8.0748
55 15.763 0.001015 9.5639 230,24 2219:1 2449.3 230.26 2369:8' 2600.1 0.7680 7.2218 7.9898
60 19.947 0.001017 7.6670 25L16 . 2204.7 2455.9 251:18 2351.7 2608.8 0.8313 7.0769 7.9082
65 25.043 0.001020 6.1935 272.09 '2190.3 2462.4 272.12 2345.4 2617.5 0.8937 6.9360 7.8296
70 31.202 0.001023 5.0396 193.04 2175.8 2468.9 293.07 2333.0 2626.1 0.9551 6.7989 7.7540

75 38.597 0.001026 4.1291 313.99 2161.3 2475.3 314.03 2320.6 2634.6 1.0158 6.6655 7.6812
80 47.416 0.001029 3.4053 334.97 2146.6 2481.6 335.02 2308.0 2643.0 1.0756 6.5355 7.6111
85 57.868 0.001032 2.8261 355,96 2131.9 2487.8 356.02 2295.3 2651.4 1.1346 6.4089 7.5435
90 70.183 0.001036 2.3593 376.97 2117.0 2494.0 377.04 2282.5 2659.6 1.1929 6.2853 7.4782
95 84.609 0.001040 1.9808 398.00 2102.0 2500,1 398.09 2269.6 2667.6 1.2504 6.1647 7.4151

100 101.42 0.001043 1.6720 419.06 ... 2087.0 2506.0 419.17 2256.4 2675.6 1.3072 6.0470 7.3542
105 120.90 0.001047 1.4186 440.15 2071.8 2511.9 440.28 2243.1 2683.4 1.3634 5.9319 7.2952
110 143.38 0.001052 1.2094 461.27 2056.4 2517.7 461:42 2229.7 2691.1 1.4188 5.8193 7.2382
115 169.18 0.001056 1.0360 482.42 2040,9 2523,3 482.59 2216.0 2698.6 1.4737 5.7092 7.1829
120 198.67 0.001060 0.89133 503.60 2025.3 2528.9 503:81 2202.1 2706.0 1.5279 5.6013 7.1292

125 232.23 0.001065 0.77012 524.83 2009.5 2534.3 525.07 2188.1 2713.1 1.5816 5.4956 7.0771
130 270.28 0.001070 0,66808 546.10 '1993.4 2539.5 546,38 2173 ..7 2720.1 1.6346 5.3919 7.0265
135 313.22 0.001075 0.58179 567 ..41 1977.3 2544.7 567 ..75 2159.1 2726.9 1,6872 5.2901 6.9773
140 361.53 0.001080 0.50850 588,77 1960.9 2549.6 '589.16 2144.3 2733.5 1.7392 5.1901 6.9294
145 415.68 0.001085 0.44600 610.19 1944.2 2554.4 610.64 2129.2 2739.8 1.7908 5.0919 6.8827

ISO 476.16 0.001091 0.39248 631.66 1927.4 2559.1 632.18 2113.8 2745.9 1.8418 4.9953 6.8371
ISS 543.49 0.001096 0.34648 653.19 1910.3 2563.5 653.79 2098.0 2751.8 1.8924 4.9002 6.7927
160 618.23 0.001102 0.30680 674.79 .1893.0 2567,8 675.47 2082.0 2757.5 1.9426 4.8066 6.7492
165 700,93 0.001108 0.27244 696.46 1875.4 2571.9 697.24 2065.6 2762.8 1.9923 4.7143 6.7067
170 792.18 . 0.001114 0:24260 718.20 1857.5 2575.7 719.08 2048.8. 2767.9 2,0417 4,6233 6.6650

175 892.60 0.001121 0.21659 740.02 1839.4 2579.4 741.02 2031.7 2772.7 2.0906 4.5335 6.6242
180 1002.8 0,001127 0.19384 761.92 1820.9 2582.8 763.05 2014.2 2777.2 2.1392 4,4448 6.5841
185 1123.5 0.001134 0.17390 783.91. .1802.1 2586.0 785.19 1996.2 2781.4 2.1875 4.3572 6.5447
190 1255.2 0.001141 0.15636 806.00 1783.0 2589.0 807.43 1977.9 2785.3 2.2355 4.2705 6.5059
195 1398.8 0.001149 0 ..14089 828~181763.6 2591.7 829.78 1959.0 2788.8 2.2831 4.1847 6.4678
200 1554.9 0.001157 0.12721 850.46 . 1743.7 2594.2 852.26 1939.8 2792.0 2.3305 4,0997 6.4302
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TABLE A-4

Saturated water-Temperature table (Cone/uded)

Sptcifte \'OJume. Internal energy. Enthalpy, Entropy.
mJlkg kJlkg kJlkg kJlkg.K

Sat. Sat. Sat, Sat. Sat. Sat. Sat. Sat. Sat.
Temp., press .• liquid, vapor, liquid. Evap .• vapor, liquid, Evap., vapor, liquid. Evnp .• vapor.
T'C Pg1kPa V, v, "I "" ", h, h" h, s, sf, s.

205 1724.3 0.001164 0.11508 872.86 1723.5 2596.4 874.87 1920.0 2794.8 2.3776 4.0154 6.3930
210 1907.7 0.001173 0.10429 895.38 1702.9 2598.3 897.61 1899.7 2797.3 2.4245 3.9318 6.3563
215 2105.9 0.001181 0.094680 918.02 1681.9 2599.9 920.50 1878.8 2799.3 2.4712 3.8489 6.3200
220 2319.6 0.001190 0.086094 940.79 1660.5 2601.3 943.55 1857.4 2801.0 2.5176 3.7664 6.2840
225 2549.7 0.001199 0.078405 963.70 1638.6 2602.3 966.76 1835.4 2802.2 2.5639 3.6844 6.2483

230 2797.1 0.001209 0.071505 986.76 1616.1 2602.9 990.14 1812.8 2802.9 2.6100 3.6028 6.2128
235 3062.6 0.001219 0.065300 1010.0 1593.2 2603.2 1013.7 1789.5 2803.2 2.6560 3.5216 6.1775
240 3347.0 0.001229 0.059707 1033.4 1569.8 2603:1 ,1037;5 1765.5 2803.0 2.7018 3.4405 6.1424
245 3651.2 0.001240 0.054656 1056.9 1545.7 2602:7 1061.5 1740.8 2802.2 2.7476 3.3596 6.1072
250 3976.2 0.001252 0.050085 1080.7 1521.1 2601:8 1085,7 1715.3 isOI.O 2.7933 3.2788 6.0721

255 4322.9 0.001263 0.045941 1104.7 1495.8 2600.5 1Il0.1 1689.0 2799.1 2.8390 3.1979 6.0369
260 4692.3 0.001276 0.042175 1128.8 1469.9 2598.7 1134.8 1661.8 2796.6 2.8847 3.1169 6.0017
265 5085.3 0.001289 0.038748 1153.3 1443.2 2596.5 1159.8 1633.7 2793.5 2.9304 3.0358 5.9662
270 5503.0 0.001303 0.035622 1177.9 1415.7 2593.7 1185.1 1604.6 2789.7 2.9762 2.9542 5.9305
275 5946.4 0.001317 0.032767 1202.9 1387.4 2590;3 1210.7 1574.5 2785.2 3.0221 2.8723 5.8944

280 6416.6 0.001333 0.030153 1228.2 1358.2 2586.4 1236.7 1543.2 2779.9 3.0681 2.7898 5.8579
285 6914.6 0.001349 0.027756 1253.7 1328.1 2581.8 1263.1 1510.7 2773.7 3.1144 2.7066 5.8210
290 7441.8 0.001366 0.025554 1279.7 1296.9 2576.5 1289.8 1476.9 2766.7 3.1608 2.6225 5.7834
295 7999.0 0.001384 0.023528 1306.0 1264.5 2570.5 1317.1 1441.6 2758.7 3.2076 2.5374 5.7450
300 8587.9 0.001404 0.021659 1332.7 1230.9 2563.6 i344.8 1404.8 2749.6 3.2548 2.4511 5.7059

305 9209.4 0.001425 0.019932 1360.0 1195.9 2555.8 '1373.1 1366.3 2739.4 3.3024 2.3633 5.6657
310 9865.0 0.001447 0.018333 1387.7 1159.3 2547.1 ' 1402.0 1325.9 2727.9 3.3506 2.2737 5.6243
315 10,556 0.001472 0.016849 1416.1 1121.1 2537.2 1431;6 1283.4 2715.0 3.3994 2.1821 5.5816
320 11,284 0.001499 0.015470 1445.1 1080.9 2526.0 1462.0 1238.5 2700.6 3.4491 2.0881 5.5372
325 12,051 0.001528 0.014183 1475.0 1038.5 2513:4 1493.4 1191.0 2684.3 3.4998 1.9911 5.4908

330 12,858 0.001560 0.012979 1505.7 993.5 2499.2 1525.8 '1140,3 2666.0 3,5516 1.8906 5.4422
335 13,707 0.001597 0.011848 1537.5 945,5 2483.0 1559.4 1086.0 2645.4 3,6050 1.7857 5.3907
340 14,601 0.001638 0.010783 1570,7 893.8 2464.5 1594;6 1027.4 2622.0 3,6602 1.6756 5.3358
345 15,541 0.001685 0.009772 1605.5 837.7 2443.2 1631.7 963.4 2595.1 3.7179 1.5585 5.2765
350 16,529 0.001741 0.008806 1642.4 775.9 2418.3 1671.2 892.7 2563.9 3.7788 1.4326 5.2114

355 17,570 0.001808 0.007872 1682.2 706.4 2388.6 1714.0 812.9 2526.9 3.8442 1.2942 5.1384
360 18,666 0.001895 0.006950 1726.2 625.7 2351.9 1761.5 720.1 2481.6 3.9165 1.1373 5.0537
365 19,822 0.002015 0.006009 1777.2 526.4 2303.6 1817.2 605.5 2422.7 4.0004 0.9489 4.9493
370 21,044 0.002217 0.004953 1844.5 3g5.6 2230.1 1891.2 443.1 2334.3 4.1119 0.6890 4.8009
373.95 22,064 0.003106 0.003106 2015.7 0 2015.7 2084.3 0 2084.3 4.4070 0 4.4070
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Specific \'Olumt, Illtunal energy, Enthalpy, Elltrop>~
m)/kg kJlkg kJlkg kJlkg.K

Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sal.
Press .. temp., liquid, vapor, liquid, Evap., vapor, liquid. Evnp., vapor, liquid, Evap., vapor,
PkP. TOIloC V, v, ", "" tI, h, h" h, S, SIr S,

1.0 6.97 0.001000 129.19 29.302 2355.2 2384.5 29.303 2484.4 2513.7 0.1059 8.8690 8.9749
1.5 13.02 0.001001 87.964 54.686 2338.1 2392.8 54.688 2470.1 2524.7 0.1956 8.6314 8.8270
2.0 17.50 0.001001 66.990 73.431 2325.5 2398.9 73.433 2459.5 2532.9 0.2606 8.4621 8.7227
2.5 21.08 0.001002 54.242 88.422 2315.4 2403.8 88.424 2451.0 2539.4 0.3118 8.3302 8.6421
3.0 24.08 0.001003 45.654 100.98 2306.9 2407.9 100.98 2443.9 2544.8 0.3543 8.2222 8.5765

4.0 28.96 0.001004 34.791 121.39 2293.1 2414.5 121.39 2432.3 2553.7 0.4224 8.0510 8.4734
5.0 32.87 0.001005 28.185 137.75 2282.1 2419.8 137.75, 2423.0 2560.7 0.4762 7.9176 8.3938
7.5 40.29 0.001008 19.233 168:74 2261.1 2429.8 168;75 240503. 2574:0 0.5763 7.6738 8.2501
10 45.81 0.001010 14.670 191.79 ,'2245;4 2437.2 19tal 2392.1, is83.9 0.6492 7.4996 8.1488
15 53.97 0.001014 10.020 225.93 2222.1 2448.0 225.94 237203 2598.3 0.7549 7.2522 8.0071

20 60.06 0.001017 7.6481 251.40 2204.6 2456.0 251.42 2357.5 2608.9 0.8320 7.0752 7.9073
25 64.96 0.001020 6.2034 271.93 2190.4 2462.4 271.96 2345:5 2617.5 0.8932 6.9370 7.8302
30 69.09 0.001022 5.2287 289.24 2178.5 2467.7 289.27 2335.3 2624.6 0.9441 6.8234 7.7675
40 75.86 0.001026 3.9933 317.58 2158.8 2476.3 317.62 2318.4 2636.1 1.0261 6.6430 7.6691
50 81.32 0.001030 3.2403 340:49 2142.7 2483.2 340.54 2304:7 2645.2 1.0912 6,5019 7.5931

75 91.76 0.001037 2.2172 384.36 2111.8 2496.1 384.44 2278.0 2662.4 1,2132 6.2426 7.4558
100 99.61 0.001043 1.6941 417:40 2088.2 2505.6 417.51 2257.5 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 444.23 2068.8 2513.0 444.36 2240.6 2684:9 1.3741 5.9100 7.2841
150 111.35 0.001053 1.1594 466.97 2052.3 2519.2 467.13 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 5.6865 7.1716
200 120.21 0.001061 0.88578 504.50 2024.6 2529.1 504.71 2201.6 2706.3 1.5302 5.5968 7.1270
225 123.97 0.001064 0.79329 520.47 2012,7 2533.2 520.71 2191.0' 2711.7 1.5706 5.5171 7.0877
250 127.41 0.001067 0.71873 535.08 2001.8 2536.8 535.35 2181.2 2716.5 1.6072 5.4453 7.0525
275 130.58 0.001070 0.65732 548.~7 1991'6 2540.1 548:86 2172,0 2720.9 1.6408 5.3800 7.0207

300 133.52 0.001073 0.60582 561.11 1982.1 2543.2 561.43 2163.5 2724.9 1.6717 5.3200 6.9917
325 136.27 0.001076 0.56199 572.84 ' '1973:. 2545.9 573.19 2155.4 2728.6 1.7005 5.2645 6.9650
350 138.86 0,001079 0.52422 583,89 ' 1964.6 2548.5 ,584,26 2147,7, 2732.0 1.7274 5.2128 6.9402
375 141.30 0.001081 0.49133 594.32 1956:6 2550.9 594.73 2140.4 2735.1 1.7526 5.1645 6.9171
400 143.61 0.001084 0.46242 604.22 1948.9 2553.1 604.66 2133:4 2738.1 1.7765 5.1191 6.8955
450 147.90 0.001088 0.41392 622.65 1934.5 2557.1 623.14 2120:i 2743.4 ta205 5.0356 6.8561
500 151.83 0.001093 0.37483 639.54. -'921.2 2560.7 640.09 2108.0 2748.1 1.8604 4.9603 6.8207
550 155.46 0.001097 0.34261 655.16 1908.8 2563.9 655.77 2096;6 ,2752.4 1.8970 4.8916 6.7886
600 158.83 0.001101 0.31560 669.72 1897.1 2566.8 670.38 2085.8 2756.2 1.9308 4.8285 6.7593
650 1~1.98 0.001104 0.29260 683.37 1886.1 2569.4 684.08 2075:5 2759.6 1.9623 4.7699 6.7322
700 164.95 0.001108 0.27278 696.23 1875.6 2571.8 697.00 206S.8 2762.8 1.9918 4.7153 6.7071
750 167.75 0.001111 0.25552 708.40 1865.6 2574.0 709.24 2056.4 2765.7 2.0195 4.6642 6.6837
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TABLE A-5
Saturated waler-Pressure table (Concluded)

Specific volume. [mernaJ energ)'. Enthalpy. Entropy.
m)lkg kJlkg kJlkg kJlkg.K

Sat. Sat. Sal. Sat. Sat. Sat. Sat. Sal. Sal.
Press., temp., liquid. vapor, liquid. Evop., vapor, liquid. Evap., vapor, liquid, Evap .. vapor,

PkPa Tu.oC v, v, u, UrI ", h, hit h, " Sfs "
800 170.41 0.001115 0.24035 719.97 1856.1 2576.0 720.87 2047.5 2768.3 2.0457 4.6160 6.6616
850 172.94 0.001118 0.22690 731.00 1846.9 2577.9 731.95 2038.8 2770.8 2.0705 4.5705 6.6409
900 175.35 0.001121 0.21489 741.55 1838.1 2579.6 742.56 2030.5 2773.0 2.0941 4.5273 6.6213
950 177.66 0.001124 0.20411 751.67 1829.6 2581.3 752.74 2022.4 2775.2 2.1166 4.4862 6.6027

1000 179.88 0.001127 0.19436 761.39 1821.4 2582.8 762.51 2014.6 2777.1 2.1381 4.4470 6.5850

1100 184.06 0.001133 0.17745' 779.78 1805.7 2585.5 781.03 1999.6 2780.7 2.1785 4.3735 6.5520
1200 187.96 0.001138 0.16326 796.96 1790.9 2587.8 798.33 1985.4 2783.8 2.2159 4.3058 6.5217
1300 191.60 0.001144 0.15119 813.10 1776.8 2.589.9 8i4.59 1971.9 2786.5 2.2508 4.2428 6.4936
1400 195.04 0.001149 0.14078 828:35 1763.4 2591.8 .829.96 1958.9 2788.9 2.2835 4.1840 6.4675
1500 198.29 0.001154 0.13171 842.82 1750.6 2593.4 B44.55 1946.4 2791.0 2.3143 4.1287 6.4430

1750 205.72 0.001166 0.11344' 876.12 1720.6 2596.7 878:16 '1917.1 2795.2 2.3844 4.0033 6.3877
2000 212.38 0.001177 0.099587 906.12 1693.0 2599.1 908.47 1889.8 2798.3 2.4467 3.8923 6.3390
2250 218.41 0.00 1187 0.088717 933:54 1667.3 2600.9 936.21 1864.3 2800.5 2.5029 3.7926 6.2954
2500 223.95 0.001197 0.079952 958.87 1643.2 2602.1 961.87 1840.1 2801.9 2.5542 3.7016 6.2558
3000 233.85 0.001217 0.066667 1004.6 1598.5 2603.2 1008.3 1794.9 2803.2 2.6454 3.5402 6.1856

3500 242.56 0.001235 0.057061 1045.4 1557.6 2603.0 1049.7 1753.0 2802.7 2.7253 3.3991 6.1244
4000 250.35 0.001252 0.049779 1082.4 1519.3 2601.7 1087.4 1713.5 2800.8 2.7966 3.2731 6.0696
5000 263.94 0.001286 0.039448 1148.1 1448.9 2597.0 1154.5 1639.7 2794.2 2.9207 3.0530 5.9737
6000 275.59 0.001319 0.032449 1205.8 1384.1' 2589.9 1213.8 1570.9 2784.6 3.0275 2.8627 5.8902
7000 285.83 0.001352 0.027378 1258.0 1323.0 2581.0 1267.5 1505.2 2772.6 3.1220 2.6927 5.8148

8000 295.01 0.001384 0.023525, 1306.0 1264.5 2570.5 1317.1 1441.6 2758.7 3.2077 2.5373 5.7450
9000 303.35 0.001418 0.020489 • 1350.9 1207.6 2558.5 1363.7 1379.3 2742.9 3.2866 2.3925 5.6791

10,000 311.00 0.001452 0.018028 1393.3 1151.8 2545.2 1407.8 1317.6 2725.5 3.3603 2.2556 5.6159
11,000 318.08 0.001488 0.015988 1433.9 1096:6 2530.4 .. 1450.2 .1256.1 2706.3 3.4299 2.1245 5.5544
12,000 324.68 0.001526 0.014264 1473.0 1041.3 2514.3' -1491.3 1194.1 2685.4 3.4964 1.9975 5.4939

13.000 330.85 0.001566 0.012781 1511.0 985.5 2496.6 1531.4 -1131.3 2662.7 3.5606 1.8730 5.4336
14.000 336.67 0.001610 0.011487 . 1548:4- 928.7 247U -1571.0. .1067.0 2637.9 3.6232 1.7497 5.3728
15.000 342.16 0.001657 0.01034i 1585.5 870.3 .2455:7 1610.3 1000.5 2610.8 3.6848 1.6261 5.3108
16.000 347.36 0.001710 0.009312 1622:6 809.4 2432.0 1649.9 .931.1 2581.0 3.7461 1.5005 5.2466
17.000 352.29 0.001770 0.008374 1660.2 745.1 2405.4 1690.3 857.4 2547.7 3.8082 1.3709 5.1791

18.000 356.99 0.001840 0.0075~ 1699.1 675.9. 2375.0 . 1732.2 777.8 2510.0 3.8720 1.2343 5.1064
19,000 361.47 0.001926 0.006677 1740.3 598.9 2339.2' 1776.8 689.2 2466.0 3.9396 1.0860 5.0256
20.000 365.75 0.002038 0.005862 1785.8 509.0 2294.8 1826.6 585.5 2412.1 4.0146 0.9164 4.9310
21,000 369.83 0.002207 0.004994 1841.6 391.9 2233.5 1888.0 450.4 2338.4 4.1071 0.7005 4.8076

.22.000 373.71 0.002703 0.003644 1951.7 140.8 2092.4 2011.1 161.5 2172.6 4.2942 0.2496 4.5439
22.064 373.95 0.003106 0.003106 2015.7 0 2015.7 2084.3 0 2084.3 4.4070 0 4.4070



P"0E 1.'l..

T v u II s v u II s v u II s
°C m'lk1! kJlkg kJlkg kJ/kg.K m'lkg kJ/kg kJ/kg kJlkg.K m)/kg kJlkg kJlkg kJ/kg.K

p = 0.01 MPa (45.81°C>, p = 0.05 MPa (81.32°C) P = 0.10 MPa (99.6 1°C)
Sal.' 14.670 2437.2 2583.9 8.1488 3.2403 2483.2 2645.2 7.5931 1.6941 2505.6 2675.0 7.3589
50 14.867 2443.3 2592.0 8.1741
100 17.196 2515.5 2687.5 8.4489 3.4187 2511.5 2682.4 7.6953 1.6959 2506.2 2675.8 7.3611
150 19.513 2587.9 2783.0 8.6893 3.8897 2585.7 2780.2 7.9413 1.9367 2582.9 2776.6 7.6148
200 21.826 2661.4 2879.6 8.9049 4.3562 2660.0 2877.8 8.1592 2.1724 2658.2 2875.5 7.8356
250 24.136 2736.1 2977.5 9.1015 4.8206 2735.1 2976.2 8.3568 2.4062 2733.9 2974.5 8.0346
300 26.446 2812.3 3076.7 9.2827 5.2841 2811.6 3075.8 8.5387 2.6389 2810.7 3074.5 8.2172
400 31.063 2969.3 3280.0 9.6094 6.2094 2968.9 3279.3 8.8659 3.1027 2968.3 3278.6 8.5452
500 35.680 3132.9 3489.7 9.8998 7.1338 3132.6 3489.3 9.1566 3.5655 3132.2 3488.7 8.8362
600 40.296 3303.3 3706.3 10.1631 8.0577 3303.1 3706.0 9.4201 4.0279 3302.8 3705.6 9.0999
700 44.911 3480.8 3929.9 10.4056 8.9813 3480.6 3929.7 9.6626 4.4900 3480.4 3929.4 9.3424
800 49.527 3665.4 4160.6 10.6312 9.9047 3665.2 4160.4 9.8883 4.9519 3665.0 4160.2 9.5682
900 54.143 3856.9 4398.3 10.8429 10.8280 3856.8 4398.2 10.1000 5.4137 3856.7 4398.0 9.7800
1000 58.758 4055.3 4642.8 11.0429 11.7513 4055.2 4642.7 10.3000 5.8755 4055.0 4642.6 9.9800
1100 63.373 4260.0 4893.8 11.2326 12.6745 4259.9 4893.7 10.4897 6.3372 4259.8 4893.6 10.1698
1200 67.989 4470.9 5150.8 11.4132 13.5977 4470.8 5150.7 10.6704 6.7988 4470.7 5150.6 10.3504
1300 '72.604 4687.4 5413.4 11.5857 14.5209 4687.3 5413.3 10.8429 7.2605 4687.2 5413.3 10.5229

P = 0.20 MPa (l20.21°C) '. P = 0.30 MP. (133.52°C) P = 0.40 MP. (l43.61°C)
Sal. 0.88578 2529.1 2706.3 7.1270 0.60582 2543.2 2724.9 6.9917 0.46242 2553.1 2738.1 6.8955
150 0.95986 2577.1 2769.1 7.2810 0.63402 2571.0 2761.2 7.0792 0.47088 2564.4 2752.8 6.9306
200 1.08049 2654.6 2870.7 7.5081 0.71643 2651.0 2865.9 7.3132 0.53434 2647.2 2860.9 7.1723
25U 1.19890 2731.4 2971.2 7.7100 0.79645 2728.9 2967.9 7.5180 0.59520 2726.4 2964.5 7.3804
300 1.31623 2808.8 3072.1 7.8941 0.87535 2807.0 3069.6 7.7037 0.65489 2805.1 3067.1 7.5677
400 1.54934 2967.2 3277.0 8.2236 1.03155 2966.0 3275.5 8.0347 0.77265 2964.9 3273.9 7.9003
500 1.78142 3131.4 3487.7 8.5153 1.18672 313Q.6 3486.6 8.3271 0.88936 3129.8 3485.5 8.1933
600 2.01302 3302.2 3704.8 8.7793 1.34139 3301.6 3704.0 8.5915 1.00558 3301.0 3703.3 8.4580
700 2.24434 3479.9 3928.8 9.0221 1.49580 3479.5 3928.2 8.8345 1.12152 3479.0 3927.6 8.7012
800 2.47550 3664.7 4159.8 9.2479 1.65004 3664.3 4159.3 9.0605 1.23730 3663.9 4158.9 8.9274
900 2.70656 3856.3 4397.7 9.4598 1.80417 3856.0 4397.3 9.2725 1.35298 3855.7 4396.9 9.1394
1000 2.93755 4054.8 4642.3 9.6599 1.95824 4054.5 4642.0 9.4726 1.46859 4054.3 4641.7 9.3396
1100 3.16848 4259.6 4893.3 9.8497 2.11226 4259.4 4893.1 9.6624 1.58414 4259.2 4892.9 9.5295
1200 3.39938 4470.5 5150.4 10.0304 2.26624 4470.3 5150.2 9.8431 1.69966 4470.2 5150.0 9.7102
1300 3.63026 4687.1 5413.1 10.2029 2.42019 4686.9 5413.0 10.0157 1.81516 4686.7 5412.8 9.8828

P= 0.50 MPa (l51.83°C) P = 0.60 MP. (l58.83°C) P = 0.80 MP. (170.41°C)
Sal. 0.37483 2560.7 2748.1 6.8207 0.31560 2566.8 2756.2 6.7593 0.24035 2576.0 2768.3 6.6616
200 0.42503 2643.3 2855.8 7.0610 0.35212 2639.4 285Q.6 6.9683 0.26088 2631.1 2839.8 6.8177
250 0.47443 2723.8 2961.0 7.2725 0.39390 2721.2 2957.6 7.1833 0.29321 2715.9 295Q.4 7.0402
300 0.52261 2803.3 3064.6 7.4614 0.43442 2801.4 3062.0 7.3740 0.32416 2797.5 3056.9 7.2345
350 0.57015 2883.0 3168.1 7.6346 0.47428 2881.6 3166.1 7.5481 0.35442 2878.6 3162.2 7.4107
400 0.61731 2963.7 3272.4 7.7956 0.51374 2962.5 3270.8 7.7097 0.38429 2960.2 3267.7 7.5735
500 0.71095 3129.0 3484.5 8.0893 0.59200 3128.2 3483.4 8.0041 0.44332 3126.6 3481.3 7.8692
600 0.80409 3300.4 3702.5 8.3544 0.66976 3299.8 3701.7 8.2695 0.50186 3298.7 3700.1 8.1354
700 0.89696 3478.6 3927.0 8.5978 0.74725 3478.1 3926.4 8.5132 0.56011 3477.2 3925.3 8.3794
800 0.98966 3663.6 4158.4 8.8240 0.82457 3663.2 4157.9 8.7395 0.61820 3662.5 4157.0 8.6061
9UO 1.08227 3855.4 4396.6 9.0362 0.90179 3855.1 4396.2 8.9518 0.67619 3854.5 4395.5 8.8185
1000 1.17480 4054.0 4641.4 9.2364 0.97893 4053.8 4641.1 9.1521 0.7341 I 4053.3 4640.5 9.0189
1100 1.26728 4259.0 4892.6 9.4263 1.05603 4258.8 4892.4 9.3420 0.79197 4258.3 4891.9 9.2090
1200 1.35972 4470.0 5149.8 9.6071 1.13309 4469.8 5149.6 9.5229 0.84980 4469.4 5149.3 9.3898
1300 1.45214 4686.6 5412.6 9.7797 1.21012 4686.4 5412.5 9.6955 0.90761 4686.1 5412.2 9.5625

"1 •• Irml'lt't'llIUlt Inp.artnlhc'~~i, the' \4IlunUlOn IC'nlj'lC'fllUfl'Illhe' 'pec-ilitd prt'Ullt.

, 1'mp"fliC'll( '1l1Urltrd upor ~Ilhc ,('('c.f«:d PI'l.'UUI'l.'.
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TABLE A-6

SupcmclIIctl water (ColltinuC'd}

T u 1/ h s U II II s U 1/ II s
'C m'lkg kIlkg kIlkg kIlkg.K m'/kg kIlkg kIlkg kIlkg.K m'/kg kIlkg kIlkg kJlkg.K

P = 1.00 MP. (I 79.88'C) P = 1.20 MP. (I87.96'C) P = 1.40 MP. (I 95.()4'C)

Sat. 0.19437 2582.8 2777.1 6.5850 0.16326 2587.8 2783.8 6.5217 0.14078 2591.8 2788.9 6.4675
200 0.20602 2622.3 2828.3 6.6956 0.16934 2612.9 2816.1 6.5909 0.14303 2602.7 2803.0 6.4975
250 0.23275 2710.4 2943.1 6.9265 0.19241 2704.7 2935.6 6.8313 0.16356 2698.9 2927.9 6.7488
300 0.25799 2793.7 3051.6 7.1246 0.21386 2789.7 3046.3 7.0335 0.18233 2785.7 3040.9 6.9553
350 0.28250 2875.7 3158.2 7.3029 0.23455 2872.7 3154.2 7.2139 0.20029 2869.7 3150.1 7.1379
400 0.30661 2957.9 3264.5 7.4670 0.25482 2955.5 3261.3 7.3793 0.21782 2953.1 3258.1 7.3046
500 0.35411 3125.0 3479.1 7.7642 0.29464 3123.4 3477.0 7.6779 0.25216 3121.8 3474.8 7.6047
600 0.40111 3297.5 3698.6 8.0311 0.33395 3296.3 3697.0 7.9456 0.28597 3295.1 3695.5 7.8730
700 0.44783 3476.3 3924.1 8.2755 0.37297 3475.3 3922.9 8.1904 0.31951 3474.4 3921.7 8.1183
800 0.49438 3661.7 4156.1 8.5024 0.41184 3661.0 4155.2 8.4176 0.35288 3660.3 4154.3 8.3458
900 0.54083 3853.9 4394.8 8.7150 0.45059 3853.3 4394.0 8.6303 0.38614 3852.7 4393.3 8.5587
1000 0.58721 4052.7 4640.0 8.9155 0.48928 4052.2 4639.4 8.8310 0.41933 4051.7 4638.8 8.7595
1100 0.63354 4257.9 4891.4 9.1057 0.52792 4257.5 4891.0 9.0212 0.45247 4257.0 4890.5 8.9497
1200 0.67983 4469.0 5148.9 9.2866 0.56652 4468.7 5148.5 9.2022 0.48558 4468.3 5148.1 9.1308
1300 0.72610 4685.8 5411.9 9.4593 0.60509 4685.5 5411.6 9.3750 0.51866 4685.1 5411.3 9.3036

P = 1.60 MP. (201.37'C) P= 1.80 MP. (207. 11 'c) P = 2.00 MP. (212.38'C)

Sat. 0.12374 2594.8 2792.8 6.4200 0.11037 2597.3 2795.9 6.3775 0.09959 2599.1 2798.3 6.3390
225 0.13293 2645.1 2857.8 6.5537 0.11678 2637.0 2847.2 6.4825 0.10381 2628.5 2836.1 6.4160
250 0.14190 2692.9 2919.9 6.6753 0.12502 2686.7 2911.7 6.6088 0.11150 2680.3 2903.3 6.5475
300 0.15866 2781.6 3035.4 6.8864 0.14025 2777.4 3029.9 6.8246 0.12551 2773.2 3024.2 6.7684
350 0.17459 2866.6 3146.0 7.0713 0.15460 2863.6 3141.9 7.0120 0.13860 2860.5 3137.7 6.9583
400 0.19007 2950.8 3254.9 7.2394 0.16849 2948.3 3251.6 7.1814 0.15122 2945.9 3248.4 7.1292
500 0.22029 3120.1 3472.6 7.5410 0.19551 3118.5 347G.4 7.4845 0.17568 3116.9 3468.3 7.4337
600 0.24999 3293.9 3693.9 7.8101 0.22200 3292.7 3692.3 7.7543 0.19962 3291.5 3690.7 7.7043
700 0.27941 3473.5 3920.5 8.0558 0.24822 3472.6 3919.4 8.0005 0.22326 3471.7 3918.2 7.9509
800 0.30865 3659.5 4153.4 8.2834 0.27426 3658.8 4152.4 8.2284 0.24674 3658.0 4151.5 8.1791
900 0.33780 3852.1 4392.6 8.4965 0.30020 3851.5 4391.9 8.4417 0.27012 3850.9 4391.1 8.3925

1000 0.36687 4051.2 4638.2 8.6974 0.32606 4050.7 4637.6 8.6427 0.29342 4050.2 4637.1 8.5936
1100 0.39589 4256.6 4890.0 8.8878 0.35188 4256.2 4889.6 8.8331 0.31667 4255.7 4889.1 8.7842
1200 0.42488 4467.9 5147.7 9.0689 0.37766 4467.6 5147.3 9.0143 0.33989 4467.2 5147.0 8.9654
1300 0.45383 4684.8 5410.9 9.2418 0.40341 4684.5 5410.6 9.1872 0.36308 4684.2 5410.3 9.1384

P = 2.50 MP. (223.95'C) P = 3.00 MP. (233.85'C) P = 3.50 MP. (242.56'C)

Sat. 0.07995 2602.1 2801.9 6.2558 0.06667 2603.2 2803.2 6.1856 0.05706 2603.0 2802.7 6.1244
225 0.08026 2604.8 2805.5 6.2629
250 0.08705 2663.3 2880.9 6.4107 0.07063 2644.7 2856.5 6.2893 0.05876 2624.0 2829.7 6.1764
300 0.09894 2762.2 3009.6 6.6459 0.08118 2750.8 2994.3 6.5412 0.06845 2738.8 2978.4 6.4484
350 0.10979 2852.5 3127.0 6.8424 0.09056 2844.4 3116.1 6.7450 0.07680 2836.0 3104.9 6.6601
400 0.12012 2939.8 3240.1 7.0170 0.09938 2933.6 3231.7 6.9235 0.08456 2927.2 3223.2 6.8428
450 . 0.13015 3026.2 3351.6 7.1768 0.10789 3021.2 3344.9 7.0856 0.09198 3016.1 3338.1 7.0074
500 0.13999 3112.8 3462.8 7.3254 0.11620 3108.6 3457.2 7.2359 0.09919 3104.5 3451.7 7.1593
600 0.15931 3288.5 3686.8 7.5979 0.13245 3285.5 3682.8 7.5103 0.11325 3282.5 3678.9 7.4357
700 0.17835 3469.3 3915.2 7.8455 0.14841 3467.0 3912.2 7.7590 0.12702 3464.7 3909.3 7.6855
800 0.19722 3656.2 4149.2 8.0744 0.16420 3654.3 4146.9 7.9885 0.14061 3652.5 4144.6 7.9156
900 0.21597 3849.4 4389.3 8.2882 0.17988 3847.9 4387.5 8.2028 0.15410 3846.4 4385.7 8.1304

1000 0.23466 4049.0 4635.6 8.4897 0.19549 4047.7 4634.2 8.4045 0.16751 4046.4 4632.7 8.3324
1100 0.25330 4254.7 4887.9 8.6804 0.21105 4253.6 4886.7 8.5955 0.18087 4252.5 4885.6 8.5236
1200 0.27190 4466.3 5146.0 8.8618 0.22658 4465.3 5145.1 8.7771 0.19420 4464.4 5144.1 8.7053
1300 0.29048 4683.4 5409.5 9.0349 0.24207 4682.6 5408.8 8.9502 0.20750 4681.8 5408.0 8.8786



j{
j-' ••

864. : .. foe"- 13

i.~/,

SUP~lht'iil('dwater (ComitlUl'd)

T V " h 5 V " h 5 V " h 5

T m~lkg kJlkg kJlkg kJlkg.K m)lkg kJlkg kJlkg kJlkg.K m'/kg kJlkg kJlkg kJlkg.K

p = 4.0 MP. (250.35°C) P = 4.5 MP. (257.44°C) P = 5.0 MP. (263.94°C)
Sat. 0.04978 2601.7 2800.8 6.0696 0.04406 2599.7 2798.0 6.0198 0.03945 2597.0 2794.2 5.9737
275 0.05461 2668.9 2887.3 6.2312 0.04733 2651.4 2864.4 6.1429 0.04144 2632.3 2839.5 6.0571
300 0.05887 2726.2 2961.7 6.3639 0.05138 2713.0 2944.2 6.2854 0.04535 2699.0 2925.7 6.2111
350 0.06647 2827.4 3093.3 6.5843 0.05842 2818.6 3081.5 6.5153 0.05197 2809.5 3069.3 6.4516
400 0.07343 2920.8 3214.5 6.7714 0.06477 2914.2 3205.7 6.7071 0.05784 2907.5 3196.7 6.6483
450 0.08004 3011.0 3331.2 6.9386 0.07076 3005.8 3324.2 6.8770 0.06332 3000.6 3317.2 6.8210
500 0.08644 3100.3 3446.0 7.0922 0.07652 3096.0 3440.4 7.0323 0.06858 3091.8 3434.7 6.9781
6UO 0.09886 3279.4 3674.9 7.3706 0.08766 3276.4 3670.9 7.3127 0.07870 3273.3 3666.9 7.2605
700 0.11098 3462.4 3906.3 7.6214 0.09850 3460.0 3903.3 7.5647 0.08852 3457.7 3900.3 7.5136
800 0.12292 3650.6 4142.3 7.8523 0.10916 3648.8 4140.0 7.7962 0.09816 3646.9 4137.7 7.7458
900 0.13476 3844.8 4383.9 8.0675 0.11972 3843.3 4382.1 8.0118 0.10769 3841.8 4380.2 7.9619
1000 0.14653 4045.1 4631.2 8.2698 0.13020 4043.9 4629.8 8.2144 0.11715 4042.6 4628.3 8.1648
1100 0.15824 4251.4 4884.4 8.4612 0.14064 4250.4 4883.2 8.4060 0.12655 4249.3 4882.1 8.3566
1200 0.16992 4463.5 5143.2 8.6430 0.15103 4462.6 5142.2 8.5880 0.13592 4461.6 5141.3 8.5388
1300 0.18157 4680.9 5407.2 8.8164 0.16140 4680.1 5406.5 8.7616 0.14527 4679.3 5405.7 8.7124

P = 6.0 MP. (275.59°C) P = 7.0 MP. (285.83°C) P = 8.0 MP. (295.010C)
Sal. 0.03245 2589.9 2784.6 5.8902 0.027378 2581.0 2772.6 5.8148 0.023525 2570.5 2758.7 5.7450
300 0.03619 2668.4 2885.6 6.0703 0.029492 2633.5 2839.9 5.9337 0.024279 2592.3 2786.5 5.7937
350 0.04225 2790.4 3043.9 6.3357 0.035262 2770.1 3016.9 6.2305 0.029975 2748.3 2988.1 6.1321
400 0.04742 2893.7 3178.3 6.5432 0.039958 2879.5 3159.2 6.4502 '0.034344 2864.6 3139.4 6.3658
450 0.05217 2989.9 3302.9 6.7219 0.044187 2979.0 3288.3 6.6353 0.038194 2967.8 3273.3 6.5579
500 0.05667 3083.1 3423.1 6.8826 0.048157 3074.3 3411.4 6.8000 0.041767 3065.4 3399.5 6.1266
550 0.06102 3175.2 3541.3 7.0308 0.051966 3167.9 3531.6 6.9507 0.045172 3160.5 3521.8 6.8800
6UO 0.06527 3267.2 3658.8 7.1693 0.055665 3261.0 3650.6 7.0910 0.048463 3254.7 3642.4 7.0221
700 0.07355 3453.0 3894.3 7.4247 0.062850 3448.3 3888.3 7.3487 0.054829 3443.6 3882.2 7.2822
800 0.08165 3643.2 4133.1 7.6582 0.069856 3639.5 4128.5 7.5836 0.061011 3635.7 4123.8 7.5185
900 0.08964 3838.8 4376.6 7.8751 0.076750 3835.7 4373.0 7.8014 0.067082 3832.7 4369.3 7.7372
1000 0.09756 4040.1 4625.4 8.0786 0.083571 4037.5 4622.5 8.0055 0.073079 4035.0 4619.6 7.9419
1100 0.10543 4247.1 4879.7 8.2709 0.090341 4245.0 4877.4 8.1982 0.079025 4242.8 4875.0 8.1350
1200 0.11326 4459.8 5139.4 8.4534 0.097075 4457.9 5137.4 8.3810 0.084934 4456.1 5135.5 8.3181
1300 0.12107 4677.7 5404.1 8.6273 0.103781 4676.1 5402.6 8.5551 0.090817 4674.5 5401.0 8.4925

P = 9.0 MPa (303.35°C) P = 10.0MP. (31I.OO°C) P= 12.5 MP.(327.81°C)
Sat. 0.020489 2558.5 2742.9 5.6791 0.018028 2545.2 2725.5 5.6159 0.013496 2505.6 2674.3 5.4638
325 0.023284 2647.6 2857.1 5.8738 0.019877 2611.6 2810.3 5.7596
350 0.025816 2725.0 2957.3 6.0380 0.022440 2699.6 2924.0 5.9460 0.016138 2624.9 2826.6 5.7130
400 0.029960 2849.2 3118.8 6.2876 0.026436 2833.1 3097.5 6.2141 0.020030 2789.6 3040.0 6.0433
450 0.033524 2956.3 3258.0 6.4872 0.029782 2944.5 3242.4 6.4219 0.023019 2913.7 3201.5 6.2749
500 0.036793 3056.3 3387.4 6.6603 0.032811 3047.0 3375.1 6.5995 0.025630 3023.2 3343.6 6.4651
550 0.039885 3153.0 3512.0 6.8164 0.035655 3145.4 3502.0 6.7585 0.028033 3126.1 3476.5 6.6317
6UO 0.042861 3248.4 3634.1 6.9605 0.038378 3242.0 3625.8 6.9045 0.030306 3225.8 3604.6 6.7828
650 0.045755 3343.4 3755.2 7.0954 0.041018 3338.0 3748.1 7.0408 0.032491 3324.1 3730.2 6.9227
700 0.048589 3438.8 3876.1 7.2229 0.043597 3434.0 3870.0 7.1693 0.034612 3422.0 3854.6 7.0540
800 0.054132 3632.0 4119.2 7.4606 0.048629 3628.2 4114.5 7.4085 0.038724 3618.8 4102.8 7.2967
900 0.059562 3829.6 4365.7 7.6802 0.053547 3826.5 4362.0 7.6290 0.042720 3818.9 4352.9 7.5195
1000 0.064919 4032.4 4616.7 7.8855 0.058391 4029.9 4613.8 7.8349 0.046641 4023.5 4606.5 7.7269
1100 0.070224 4240.7 4872.7 8.0791 0.063183 4238.5 4870.3 8.0289 0.050510 4233.1 4864.5 7.9220
1200 0.075492 4454.2 5133.6 8.2625 0.067938 4452.4 5131.7 8.2126 0.054342 4447.7 5127.0 8.1065
1300 0.080733 4672.9 5399.5 8.4371 0.072667 4671.3 5398.0 8.3874 0.058147 4667.3 5394.1 8.2819
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TABLE A-6

Superheated water (Ccl/lcludrdl
T u 1/ h s U II h s U II h s
'C m~lkg kJlltg kJlltg kJlltg.K m'lkg kJlltg kJlltg kJlkg.K m)Jkg kJlkg kJlkg kJlkg.K

P = 15.0 MP. (342.16'C) P = 17.5 MP. (354.67'C) P = 20.0 MP. (365.75'Cl
Sal. 0.010341 2455.7 2610.8 5.3108 0.007932 2390.7 2529.5 5.1435 0.005862 2294.8 2412.1 4.9310
350 0.011481 2520.9 2693.1 5.4438
400 0.015671 2740.6 2975.7 5.8819 0.012463 2684.3 2902.4 5.7211 0.009950 2617.9 2816.9 5.5526
450 0.018477 2880.8 3157.9 6.1434 0.015204 2845.4 3111.4 6.0212 0.012721 2807.3 3061.7 5.904.'
500 0.020828 2998.4 3310.8 6.3480 0.017385 2972.4 3276.7 6.2424 0.014793 2945.3 3241.2 6.1446
550 0.022945 3106.2 3450.4 6.5230 0.019305 3085.8 3423.6 6.4266 0.016571 3064.7 3396.2 6.3390
600 0.024921 3209.3 3583.1 6.6796 0.021073 3192.5 3561.3 6.5890 0.018185 3175.3 3539.0 6.5075
650 0.026804 3310.1 3712.1 6.8233 0.022742 3295.8 3693.8 6.7366 0.019695 3281.4 3675.3 6.6593
700 0.028621 3409.8 3839.1 6.9573 0.024342 3397.5 3823.5 6.8735 0.021134 3385.1 3807.8 6.7991
800 0.032121 3609.3 4091.1 7.2037 0.027405 3599.7 4079.3 7.1237 0.023870 3590.1 4067.5 7.0531
900 0.035503 3811.2 4343.7 7.4288 0.030348 3803.5 4334.6 7.3511 0.026484 3795.7 4325.4 7.2829
1000 0.038808 4017.1 4599.2 7.6378 0.033215 4010.7 4592.0 7.5616 0.029020 4004.3 4584.7 7.4950
1100 0.042062 4227.7 4858.6 7.8339 0.036029 4222.3 4852.8 7.7588 0.031504 4216.9 4847.0 7.6933
1200 0.045279 4443.1 5122.3 8.0192 0.038806 4438.5 5117.6 7.9449 0.033952 4433.8 5112.9 7.8802
1300 0.048469 4663.3 5390.3 8.1952 0.041556 4659.2 5386.5 8.1215 0.036371 4655.2 5382.7 8.0574

P= 25.0MP. P=30.0MP. P = 35.0 MP.
375 0.001978 1799.9 18~9.4 4.0345 0.001792 1738.1 1791.9 3.9313 0.001701 1702.8 1762.4 3.8724
400 0.006005 2428.5 2578.7 5.1400 0.002798 2068.9 2152.8 4.4758 0.002105 1914.9 1988.6 4.2144
425 0.007886 2607.8 2805.0 5.4708 0.005299 2452.9 2611.8 5.1473 0.003434 2253.3 2373.5 4.7751
450 0.009176 2721.2 2950.6 5.6759 0.006737 2618.9 2821.0 5.4422 0.004957 2497.5 2671.0 5.1946
500 0.011143 2887.3 3165.9 5.9643 0.008691 2824.0 3084.8 5.7956 0.006933 2755.3 2997.9 5.6331
550 0.012736 3020.8 3339.2 6.1816 0.QI017S 2974.5 3279.7 6.0403 0.008348 2925.8 3218.0 5.9093
600 0.014140 3140.0 3493.5 6.3637 0.011445 3103.4 3446.8 6.2373 0.009523 3065.6 3399.0 6.1229
650 0.015430 3251.9 3637.7 6.5243 0.012590 3221.7 3599.4 6.4074 0.010565 3190.9 3560.7 6.3030
700 0.016643 3359.9 3776.0 6.6702 0.013654 3334.3 3743.9 6.5599 0.QI1523 3308.3 3711.6 6.4623
800 0.018922 3570.7 4043.8 6.9322 0.0 I5628 3551.2 4020.0 6.8301 0.013278 3531.6 3996.3 6.7409
900 0.021075 3780.2 4307.1 7.1668 0.017473 3764.6 4288.8 7.0695 0.014904 3749.0 4270.6 6.9853
1000 0.023150 3991.5 4570.2 7.3821 0.019240 3978.6 4555.8 7.2880 0.016450 3965.8 4541.5 7.2069
1100 0.025172 4206.1 4835.4 7.5825 0.020954 4195.2 4823.9 7.4906 0.017942 4184.4 4812.4 7.4118
1200 0.027157 4424.6 5103.5 7.7710 0.022630 4415.3 5094.2 7.6807 0.019398 4406.1 5085.0 7.6034
1300 0.029115 4647.2 5375.1 7.9494 0.024279 4639.2 5367.6 7.8602 0.020827 4631.2 5360.2 7.7841

P=40.0MPa P=50.0MPa P=6O.0MPa
375 0.001641 1677.0 1742.6 3.8290 0.001560 1638.6 1716.6 3.7642 0.001503 1609.7 1699.9 3.7149
400 0.001911 1855.0 1931.4 4.1145 0.001731 1787.8 1874.4 4.0029 0.001633 1745.2 1843.2 3.9317
425 0.002538 2097.5 2199.0 4.5044 0.002009 1960.3 2060.7 4.2746 0.001816 1892.9 2001.8 4.1630
450 0.003692 2364.2 2511.8 4.9449 0.002487 2160.3 2284.7 4.5896 0.002086 2055.1 2180.2 4.4140
500 0.005623 2681.6 2906.5 5.4744 0.003890 2528.1 2722.6 5.1762 0.002952 2393.2 2570.3 4.9356
550 0.006985 2875.1 3154.4 5.7857 0.005118 2769.5 3025.4 5.5563 0.003955 2664.6 2901.9 5.3517

. 600 0.008089 3026.8 3350.4 6.0170 0.006108 2947.1 3252.6 5.8245 0.004833 2866.8 3156.8 5.6527
650 0.009053 3159.5 3521.6 6.2078 0.006957 3095.6 3443.5 6.0373 0.005591 3031.3 3366.8 5.8867
700 0.009930 3282.0 3679.2 6.3740 0.007717 3228.7 3614.6 6.2179 0.006265 3175.4 3551.3 6.0814
800 0.011521 3511.8 3972.6 6.6613 0.009073 3472.2 3925.8 6.5225 0.007456 3432.6 3880.0 6.4033
900 0.012980 3733.3 4252.5 6.9107 0.010296 3702.0 4216.8 6.7819 0.008519 3670.9 4182.1 6.6725
1000 0.014360 3952.9 4527.3 7.1355 0.011441 3927.4 4499.4 7.0131 0.009504 3902.0 4472.2 6.9099
1100 0.015686 4173.7 4801.1 7.3425 0.012534 4152.2 4778.9 7.2244 0.010439 4130.9 4757.3 7.1255
1200 0.016976 4396.9 5075.9 7.5357 0.013590 4378.6 5058.1 7.4207 0.011339 4360.5 5040.8 7.3248
1300 0.018239 4623.3 5352.8 7.7175 0.014620 4607.5 5338.5 7.6048 0.012213 4591.8 5324.5 7.S III
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Specific millme. In/emu/ energy. Enthalpy. Entropy.m)Jkg kJlkg kJlkg kJlkg.K
Sat. Sat. Sat. Sat. Sal. Sat. Sal. Sal. Sal.Temp., press., liquid. vapor, liquid. Evap., vapor. liquid, Evap .. vapor, liquid, E\'ap., vapor.T'C Put kPa v, v, ", "/, ", h, hI. h, " '" "-40 51.25 0.0007053 0.36064 -0.036 207.42 207.38 0.00 225.86 225.86 0.00000 0.96869 0.96869-3R 56.86 0.0007082 0.32718 2.472 206.06 208.53 2.512 224.62 227.13 0.01071 0.95516 0.96588-36 62.95 0.0007111 0.29740 4.987 204.69 209.68 5.032 223.37 228.40 0.02137 0.94182 0.96319-34 69.56 0.0007141 0.27082 7.509 203.32 210.83 7.559 222.10 229.66 0.03196 0.92867 0.96063-32 76.71 0.0007171 0.24706 10.04 201.94 211.97 10.09 220.83 230.93 0.04249 0.91569 0.95819-30 84.43 0.0007201 0.22577 12.58 200.55 213.12 12.64 219.55 232.19 0.05297 0.90289 0.95586-28 92.76 0.0007232 0.20666 15.12 199.15 214.27 15.19 218.25 233.44 0.06339 0.89024 0.95364-26 101.73 0.0007264 0.18947 17.67 197.75 215.42 17.75 216.95 234.70 0.07376 0.87776 0.95152-24 111.37 0.0007296 0.17398 20.23 196.34 216.57 20.31 215.63 235.94 0.08408 0.86542 0.94950-22 121.72 0.0007328 0.15999 22.80 194.92 217.71 22.89 214.30 237.19 0.09435 0.85323 0.94758-20 132.82 0.0007361 0.14735 25.37 193.49 218.86 25.47 212.96 238.43 0.10456 0.84119 0.94575-18 144.69 0.0007394 0.13589 27.96 192.05 220.00 28.07 211.60 239.67 0.11473 0.82927 0.94401-16 157.38 0.0007428 0.12550 30.55 190.60 221.15 30.67 210.23 240.90 0.12486 0.81749 0.94234-14 170.93 0.0007463 0.11605 33.15 189.14 222.29 33.28 208;84 242.12 0.13493 0.80583 0.94076-12 185.37 0.0007498 0.10744 35.76 187.66 223.42 35.90 207.44 243.34 0.14497 0.79429 0.93925-10 200.74 0.0007533 0.099600 3S.38 186.18 224.56 38.53 206.02 244.55 0.15496 0.78286 0.93782-8 217.08 0.0007570 0.092438 41.01 184.69 225.69 41.17 204.59 245.76 0.16491 0.77154 0.93645-6 234.44 0.0007607 0.085888 43.64 183.18 226.82 43.82 203.14 246.95 0.17482 0.76033 0.93514-4 252.85 0.0007644 0.079889 46.29 181.66 227.94 46.48 201.66 248.14 0.18469 0.74921 0.93390-2 272.36 0.0007683 0.074388 48.94 180.12 229.07 49.15 200.17 249.33 0.19452 0.73819 0.932710 293.01 0.0007722 0.069335 51.61 178.58 230.18 51.83 198.67 250.50 0.20432 0.72726 0.931582 314.84 0.0007761 0.064690 54.28 177.01 231.30 54.53 197.14 251.66 0.21408 0.71641 0.930504 337.90 0.0007802 0.060412 56.97 175.44 232.40 57.23 195.58 252.82 0.22381 0.70565 0.929466 362.23 0.0007843 0.056469 59.66 173.84 233.51 59.95 194.01 253.96 0.23351 0.69496 0.928478 387.88 0.0007886 0.052829 62.37 172.23 234.60 62.68 192.42 255.09 0.24318 0.68435 0.9275210 414.89 0.0007929 0.049466 65.09 170.61 235.69 65.42 190.80 256.22 0.25282 0.67380 0.9266112 443.31 0.0007973 0.046354 67.82 168.96 236.78 68.17 189.16 257.33 0.26243 0.66331 0.9257414 473.19 0.0008018 0.043471 70.56 167.30 237.86 70.94 187.49 258.43 0.27201 0.65289 0.9249016 504.58 0.0008064 0.040798 73.31 165.62 238.93 73.72 185.80 259.51 0.28157 0.64252 0.9240918 537.52 0.0008112 0.038317 76.07 163.92 239.99 76.51 184.08 260.59 0.29111 0.63219 0.9233020 572.07 0.0008160 0.036012 78.85 162.19 241.04 79.32 182.33 261.64 0.30062 0.62192 0.9225422 608.27 0.0008209 0.033867 81.64 160.45 242.09 82.14 180.55 262.69 0.31012 0.61168 0.9218024 646.18 0.0008260 0.031869 84.44 158.68 243.13 84.98 178.74 263.72 0.31959 0.60 148 0.9210726 685.84 0.0008312 0.030008 87.26 156.89 244.15 87.83 176.90 264.73 0.32905 0.59131 0.9203628 727.31 0.0008366 0.028271 90.09 155.08 245.17 90.70 175.03 265.73 0.33849 0.58117 0.9196730 770.64 0.0008421 0.026648 92.93 153.24 246.17 93.58 173.13 266.71 0.34792 0.57105 0.91897J2 815.89 0.0008477 0.025131 95.79 151.37 247.17 96.49 171.19 267.67 0.35734 0.56095 0.9182934 863.11 .0.0008535 0.023712 98.67 149.48 248.15 99.41 169.21 268.61 0.36675 0.55086 0.9176036 912.35 0.0008595 0.022383 101.56 147.55 249.11 102.34 167.19 269.53 0.37615 0.54077 0.9169238 963.68 0.0008657 0.021137 104.47 145.60 250.07 105.30 165.13 270.44 0.38554 0.53068 0.9162240 1017.1 0.0008720 0.019968 107.39 143.61 251.00 108.28 163.oJ 271.31 0.39493 0.52059 0.9155242 1072.8 0.0008786 0.018870 110.34 141.59 251.92 111.28 160.89 272.17 0.40432 0.51048 0.9148044 1130.7 0.0008854 0.017837 113.30 139.53 252.83 114.30 158.70 273.00 0.41371 0.50036 0.91407
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TABLE A-ll ,.

Saturated rcfrigcrnnt-134a- Temperature table (Collrludl'd)

Specific l'Olume, /rltullul ~,,~rR.", Enthalpy, Entropy.
m)/kg kJlkg kJlkg kJlkg.K

Sat. Sat. Sat. Sat. Sal. Sal. Sat. Sal. Sal.
Temp .. press .. liquid, vapor, liquid. E\'ap .. vapor, liquid, Evap .. vapor, liquid. E\'ap .. \'apor.roc PU.l kPa v, v. ", ",. ". h, hI. Ir. s, sf. s.
46 1191.0 0.0008924 0.016866 116.28 137.43 253.71 117.34 156.46 273.80 0.42311 0.49020 0.91331
48 1253.6 0.0008997 0.015951 119.28 135.30 254.58 120.41 154.17 274.57 0.43251 0.48001 0.91252
52 1386.2 0.0009151 0.014276 125.35 130.89 256.24 126.62 149.41 276.03 0.45136 0.45948 0.91084
56 1529.1 0.0009317 0.012782 131.52 126.29 257.81 132.94 144.41 277.35 0.47028 0.43870 0.90898
60 1682.8 0.0009498 0.011434 137.79 121.45 259.23 139.38 139.09 278.47 0.48930 0.41746 0.90676
65 1891.0 0.000975 I 0.009959 145.80 115.06 260.86 147.64 132.05 279.69 0.51330 0.39048 0.90379
70 2118.2 0.0010037 0.008650 154.03 108.17 262.20 156.15 124.37 280.52 0.53763 0.36239 0.90002
75 2365.8 0.0010373 0.007486 162.55 100.62 263.17 165.01 115.87 280.88 0.56252 0.33279 0.89531
80 2635.3 0.0010774 0.006439 171.43 92.22 263.66 174.27 106.35 280.63 0.58812 0.30113 0.88925
85 2928.2 0.0011273 0.005484 180.81 82.64 263.45 184.11 95.39 279.51 0.61487 0.26632 0.88120
90 3246.9 0.00 11938 0.004591 190.94 71.19 262.13 194.82 82.22 277.04 0.64354 0.22638 0.86991
95 3594.1 0.0012945 0.003713 202.49 56.25 258.73 207.14 64.94 272.08 0.67605 0.17638 0.85243
100 3975.1 0.0015269 0.002657 218.73 29.72 248.46 224.80 34.22 259.02 0.72224 0.09169 0.81393

,",,,ufl'rn/ Dnln: T.NC'~A-II lhrough A-I) !lit' l:C'nC'fllrtJminI: lhC' EnGinrcring EquiuilWl SIll\'C'r(EESI !-Ilrl~"Ml." dC'\'C'IIlJ'C'dh)' S. A. Kldn and F. I.. AI\'OIntdn. 1k ",ulill(' u\Ct1
in cakul~litlns is the KI 341t, ~i1icfl is ha."C\Inl1 IhC"fundamC'ntal C'QUlttiun(II ~1t1C'deo.'C'lllf'C'tlh)' It. "ll!ncr-RO(h ant.! 11.1>. lbehr. "An Inlemllinn.,,1 SlantlanJ nlrnlul~lilln Inr thC'
1bmnfldynamic Proprr1iC'\ of 1,1.1.2.TC'ltanlKll'T'(lhallC' ,IIFe.I3-hl) for lemprfltufC'S fmm 170 K 10 4SS K and fll'C'~~urnU[lltl70 MPII," J. PfIY.•. Chrm. R'l f)ald. \'01, 1J, No, ~.
I'NJ. ThC'Cflth.dry anti C'lllf"fl)' \111UC's(If Si1IUfJ.lrd liquid m:: ~l til lWI III -4/1"C (lind -aO'FI
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, ~,' ... .: . .
ABLE A-12,

"/i/ Salllrall:d rcfrigcram-J34a-Prcssurc table

YI Specific \'oillml!,
y m)/kg

Press., Sat. Sal. Sal.
P lemp.. liquid. vapor,
kPil T.•,oC VI v,
60 -36.95 0.0007097 0.31108
70 -33.87 0.0007143 0.26921
80 -31.13 0.0007184 0.23749
90 -28.65 0.0007222 0.21261
100 -26.37 0.0007258 0.19255
120 -22.32 0.0007323 0.16216
140 -18.77 0.0007381 0.14020
160 -15.60 0.0007435 0.12355
180 -12.73 0.0007485 0.11049
200 -10.09 0.0007532 0.099951
240 -5.38 0.0007618- 0.083983
280 -1.25 0.0007697 0.072434
320 2.46 0.0007771 0.063681
360 5.8i 0.0007840 0.056809
400 8.91 0.0007905 0.051266
450 12.46 0.0007983 0.045677
500 15.71 0.0008058 0.041168
550 18.73 0.0008129 0.037452
600 21.55 0.0008198 0.034335
650 24.20 0.0008265 0.031680
700 26.69 0.0008331 0.029392
750 29.06 0.0008395 0.027398
800 31.31 0.0008457 0.025645
850 33.45 0.0008519 0.024091
900 35.51 0.0008580 0.022703
950 37.48 0.0008640 0.021456
1000 39.37 0.0008700 0.020329
1200 46.29 0.0008935 0.016728
1400 52.40 0.0009167 0.014119
1600 57.88 0.0009400 0.012134
1800 62.87 0.0009639 0.010568
2000 67.45 0.0009887 0.009297
2500 77.54 0.0010567 0.006941
3000 86.16 0.0011410 0.005272

imerncll tnerg.", Entlwlpy. ElItmpy.
kJlkg kJlkg kJlkg.K

Sal. Sal. Sat. Sal. Sal. Sat.
liquid. Evap .. vapor. liquid, Evap .. vapor, liquid. Evap .. vapor,

", "" ", ", "" ", " '" "
3.795 205.34 209.13 3.837 223.96 227.80 0.01633 0.94812 0.96445
7.672 203.23 210.90 7.722 222.02 229.74 0.03264 0.92783 0.96047
11.14 201.33 212.48 11.20 220.27 231.47 0.04707 0.91009 0.95716
14.30 199.60 213.90 14.36 218.67 233.04 0.06003 0.89431 0.95434
17.19 198.01 215.21 17.27 217.19 234.46 0.07182 0.88008 0.95191
22.38 195.15 217.53 22.47 214.52 236.99 0.09269 0.85520 0.94789
26.96 192.60 219.56 27.06 212.13 239.19 0.11080 0.83387 0.94467
31.06 190.31 221.37 31.18 209.96 241.14 0.12686 0.81517 0.94202
34.81 188.20 223.01 34.94 207.95 242.90 0.14131 0.79848 0.93979
38.26 186.25 224.51 38.41 206.09 244.50 0.15449 0.78339 0.93788
44.46 182.71 227.17 44.64 202.68 247.32 0.17786 0.75689 0.93475
49.95 179.54 229.49 50.16 199.6/ 249.77 0.19822 0.73406 0.93228
54.90 176.65 231.S5 55.14 1%.78 251.93 0.21631 0.71395 0.93026
59.42 173.99 233.41 59.70 194.15 253.86 0.23265 0.69591 0.92856
63.61 171.49 235.10 63.92 191.68 255.61 0.24757 0.67954 0.92711
68.44 168.58 237.03 68.80 188.78 257.58 0.26462 0.66093 0.92555
72.92 165.86 238.77 73.32 186.04 259.36 0.28021 0.64399 0.92420
77.09 163.29 240.38 77.54 183.44 260.98 0.29460 0.62842 0.92302
81.01 160.84 241.86 8LSO 180.95 262.46 0.30799 0.61398 0.92196
84.72 158.51 243.23 85.26 178.56 263.82 0.32052 0.60048 0.92100
88.24 156.27 244.51 88.82 176.26 265.08 0.33232 0.58780 0.92012
91.59 154.11 245.70 92.22 174.03 266.25 0.34348 0.57582 0.91930
94.80 152.02 246.82 95.48 171.86 267.34 0.35408 0.56445 0.91853
97.88 150.00 247.88 98.61 169.75 268.36 0.36417 0.55362 0.91779
100.84 148.03 248.88 101.62 167.69 269.31 0.37383 0.54326 0.91709
103.70 146.11 249.82 '104.52 165.68 270.20 0.38307 0.53333 0.91641
106.47 144.24 250.71 107.34 163.70 271.04 0.391% 0.52378 0.91574
116.72 137.12 253.84 117.79 156.12 273.92 0.42449 0.48870 0.91320
125.% 130,44 256.40 127.25 148.92 276.17 0.45325 0.45742 0.91067
134.45 124.05 258.50 135.% 141.96 277.92 0.47921 0.42881 0.90802
142.36 117.85 260.21 144.09 135.14 279.23 0.50304 0.40213 0.90517
149.81 111.75 261.56 151.78 128.36 280.15 0.52519 0.37684 0.90204
167.02 %.47 263.49 169.66 111.18 280.84 0.57542 0.31701 0.89243
183.09 80.17 263.26 186.51 92.57 279.08 0.62133 0.25759 0.87893
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TABLE A-13

Supcrhculcd rcfrigcrUn1.134a

T u u " s U u h s u u h "
'C mJlkg kJlkg kJlkg kJlkg,K m)/kg kJlkg kJlkg kJlkg,K m)lkg kJlkg kJlkg kJlkg,K

p - 0,06 MPa (Ta, - -36,95'C) P - 0.10 MPa (Ta<= -26.37'C) P - 0,14 MPa (Ta, - -18,77'C)
Sat. 0,31108 209,13 227,80 0,9645 0,19255 215,21 234.46 0,9519 0,14020 219,56 239,19 U,9447
-20 0,33608 220,62 240,78 1.0115 0,19841 219,68 239,52 0,9721
-10 0,35048 227,57 248,60 1.0478 0,20743 226,77 247,51 1.0031 0,14605 225,93 246,37 0,9724

0 0,36476 234,67 256,56 1.0775 0,21630 233,97 255,60 1.0333 0,15263 233,25 254,61 1.0032
10 0,37893 241.94 264,68 1.1067 0,22506 241.32 263.82 1.0628 0,15908 240,68 262,95 1.0331
20 0,39302 249,37 272.95 1.1354 U,23373 248,81 272.18 1.0919 0,16544 248,24 271.40 1.0625
30 0.40705 256,97 281.39 1.1637 0,24233 256.46 280,69 1.1204 0,17172 255,95 279,99 1.0913
40 0,42102 264.73 289.99 1.1916 0,25088 264.27 289.36 1.1485 0,17794 263,80 288.72 1.1196
SO 0.43495 272.66 298.75 1.2192 0.25937 272.24 298,11 1.1762 0,18412 271.81 297.59 1.1475
60 0.44883 280.75 307.68 1.2464 0,26783 280.36 307,15 1.2036 0.19025 279,97 306.61 1.1750
7U 0.46269 289.01 316.77 1.2732 U.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 297,10 325.57 1.2573 0.20242 296,77 325,11 1.2289
90 0.49032 306.02 335.43 1.3261 0.29303 305.71 335.oI 1.2836 0,20847 305.40 334.59 1.2554
100 0.50410 314.76 345.01 1.3521 0.30138 314,48 344.61 1.3097 0.21449 314.19 344.22 1.2815

P = 0.18 MPn (Ta, - -12,73'C) P = 0.20 MPa (T., - -10,09'C) P = 0.24 MPa (T., - -5.38'C)
Sat. 0,11049 223.01 242.90 0.9398 0.09995 224.51 244.50 0,9379 0.08398 227,17 247.32 0,9348
-10 0,11189 225.04 245:18 0,9485 0.09991 224.57 244.56 0,9381
0 0.11722 232,49 253,59 0.9799 0.10481 232.11 253.07 0.9699 0,08611 231.30 251.98 0.9520
10 0.12240 240.02 262.05 1.0103 0.10955 239.69 261.60 1.0005 0.09026 239.00 260.66 0.9832
20 0.12748 247.66 270,60 1.0400 0.11418 247.36 270.20 1.0304 0,09423 246,76 269.38 1.0134
30 0.13248 255.43 279.27 1.0691 0.11874 255.16 278.91 1.0596 0.09812 254.63 278.11 1.0429
40 0.13741 263.33 288,07 1.0976 0,12322 263.09 287.74 1.0882 0.10193 262.61 287.07 1.0718
SO 0.14230 271.38 297.00 1.1257 0.12766 271.16 296.70 1.1164 0.10570 270.73 296,09 1.1002
60 0,14715 279.58 306.07 1.1533 0.13206 279.38 305.79 1.1441 0.10942 278,98 305.24 1.1281
70 0.15196 287.93 315.28 1.1806 0.13641 287,75 315.03 1.1714 0.11310 287,38 314,53 1.1555
80 0.15673 296.43 324,65 1.2075 0,14074 296.27 324.41 1.1984 0.11675 295.93 323.95 1.1826
90 0,16149 305,09 334.16 1.2340 0,14504 304.93 333.94 1.2250 0.12038 304.62 333.51 1.2093
100 0.16622 313,90 343.82 1.2603 0.14933 313.75 343.62 1.2513 0.12398 313.46 343.22 1.2356

P = 0.28 MPa (Tw = -1.25'C) P = 0.32 MPa (T., = 2.46'C) P = 0.40 MPa (T., = 8,91'C)
Silt. 0.07243 229.49 249,77 0,9323 0.06368 231.55 251.93 0.9303 0,051266 235.10 255.61 0.9271

0 0,07282 230,46 250,85 0,9362
10 0.07646 238.29 259,70 0.9681 0.06609 237.56 258.70 0.9545 0,051506 235.99 256.59 0.9306
20 0.07997 246.15 268.54 0.9987 0.06925 245.51 267.67 0.9856 0.054213 244.19 265.88 0.9628
30 0.08338 254.08 277.42 1.0285 0.07231 253.52 276.66 1.0158 0,056796 252,37 275.09 0,9937
40 0.08672 262.12 286.40 1.0577 0.07530 261.62 285.72 1.0452 0.059292 260.60 284.32 1.0237
50 0.09000 270,28 295.48 1.0862 0.07823 269.83 294.87 1.0739 0.061724 268.92 293,61 1.0529
60 0.09324 278,58 304.69 1.1143 0.0811 I 278.17 304.12 1.1022 0.064104 277.34 302.98 1.0814
70 0.09644 287.01 314.oI 1.1419 0.08395 286.64 313.50 1.1299 0.066443 285,88 312.45 1.1095
80 0,09961 295.59 323.48 1.1690 0.08675 295.24 323.00 1.1572 0.068747 294.54 322.04 1.1370
90 0.10275 304,30 333.07 1.1958 0.08953 303.99 332.64 1.1841 0,071023 303.34 331. 75 1.1641
100 0.10587 313.17 342,81 1.2223 0.09229 312.87 342,41 1.2106 0,073274 312.28 341.59 1.1908
110 0.10897 322,18 352.69 1.2484 0.09503 321.91 352.31 1.2368 0.075504 321.35 351.55 1.2172
120 0.11205 331.34 362,72 1.2742 0.09775 331.08 362.36 1.2627 0,077717 330.56 361.65 1.2432
130 0.11512 340.65 372.88 . 1.2998 0.10045 340.41 372.55 1.2883 0.079913 339,92 371.89 1.2689
140 0,11818 350,11 383,20 1.3251 0.10314 349.88 382.89 1.3136 0.082096 349.42 382,26 1.2943



T u II h s U II h .f U 1/ h .f
"C m'\/kg kJlkg kJlkg kJlkg.K m)/kg kJlkg kJlkg kJlkg.K mJlkg kJlkg kJlkg kJlkg.K

P=0.50MPa(T.,= 15.71"C) P= 0.60 MPa (T., = 21.55"C) P= 0.70 MPa (T., = 26.69.C)
Sill. 0.041168 238.77 259.36 0.9242 0.034335 241.86 262.46 0.9220 0.029392 244.51 265.08 0.9201
20 0.042115 242.42 263.48 0.9384
30 0.044338 250.86 273.03 0.9704 0.035984 249.24 270.83 0.9500 0.029966 247.49 268.47 0.9314
40 0.046456 259.27 282.50 1.0011 0.037865 257.88 280.60 0.9817 0.031696 256.41 278.59 0.9642

. 50 0.048499 267.73 291.98 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 0.041389 275.17 300.00 1.0417 0.034875 274.03 298.44 1.0257
70 0.052427 284.91 311.12 1.0884 0.043069 283.91 309.75 1.0706 0.036373 282.88 308.34 1.0550
80 0.054331 293.65 320.82 1.1163 0.Q.l4710 292.74 319.57 1.0988 0.037829 291.81 318.29 1.0835
90 0.056205 302.52 330.63 1.1436 0.046318 301.69 329.48 1.1265 0.039250 300.84 328.31 1.1115

100 0.058053 311.52 340.55 1.1706 0.047900 310.75 339.49 1.1536 0.040642 309.96 338.41 1.1389
110 0.059880 320.65 350.59 1.1971 0.049458 319.93 349.61 1.1804 0.042010 319.21 348.61 1.1659
120 0.061687 329.91 360.75 1.2233 0.050997 329.24 359.84 1.2068 0.043358 328.57 358.92 1.1925
130 0.063479 339.31 371.05 1.2492 0.052519 338.69 370.20 1.2328 0.044688 338.06 369.34 1.2186
140 0.065256 348.85 381.47 1.2747 0.054027 348.26 380.68 1.2585 0.046004 347.67 379.88 1.2445
150 0.067021 358.52 392.04 1.3000 0.055522 357.98 391.29 1.2838 0.047306 357.42 390.54 1.2700
160 0.068775 368.34 402.73 1.3250 0.057006 367.83 402.03 1.3089 0.048597 367.31 401.32 1.2952

P= 0.80 MPa (T., = 31.31.C) , P= 0.90 MPa (T., = 35.51.C) P= 1.00 MPa (T., = 39.37.C)
Sal. 0.025645 246.82 267.34 0.9185 0.022686 248.82 269.25 0.9169 0.020319 250.71 271.04 0.9157
40 0.027035 254.84 276.46 0.9481 0.023375 253.15 274.19 0.9328 0.020406 251.32 271.73 0.9180
50 0.028547 263.87 286.71 0.9803 0.024809 262.46 284.79 0.9661 0.021796 260.96 282.76 0.9526
60 0.029973 272.85 296.82 1.0111 0.026146 271.62 295.15 0.9977 0.023068 270.33 293.40 0.9851
70 0.031340 281.83 306.90 1.0409 0.027413 280.74 305.41 1.0280 0.024261 279.61 303.87 1.0160
80 0.032659 290.86 316.99 1.0699 0.028630 289.88 315.65 1.0574 0.025398 288.87 314.27 1.0459
90 0.033941 299.97 327.12 1.0982 0.029806 299.08 325.90 1.0861 0.026492 298.17 324.66 1.0749

100 0.035193 309.17 337.32 1.1259 0.030951 308.35 336.21 1.1141 0.027552 307.52 335.08 1.1032
110 0.036420 318.47 347.61 1.1531 0.032068 317.72 346.58 1.1415 0.028584 316.96 345.54 1.1309
120 0.037625 327.89 357.99 1.1798 0.033164 327.19 357.04 1.1684 0.029592 326.49 356.08 1.1580
130 0.038813 337.42 368.47 1.2062 0.034241 336.78 367.59 1.1949 0.030581 336.12 366.70 1.1847
140 0.039985 347.08 379.07 1.2321 0.035302 346.48 378.25 1.2211 0.031554 345.87 377.42 1.2110
150 0.041143 356.86 389.78 1.2577 0.036349 356.30 389.01 1.2468 0.032512 355.73 388.24 1.2369
160 0.042290 366.78 400.61 1.2830 0.037384 366.25 399.89 1.2722 0.033457 365.71 399.17 1.2624
170 0.043427 376.83 411.57 1.3081 0.038408 376.33 410.89 1.2973 0.034392 375.82 410.22 1.2876
180 0.Q.l4554 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 oat 1::: 46.29°C) P = 1.40 MPa (Tt.ll = S2.40°C) P = 1.60 MPa (7 oal :; 51. 88°C)
Sat. 0.016728 253.84 273.92 0.9132 0.014119 256.40 276.17 0.9107 0.012134 258.50 277.92 0.9080
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 0.012372 260.91 280.71 0.9164
70 . 0.019~02 277.23 300.63 0.9939 0.016060 274.62 297.10 0.9733 0.013430 271.78 293.27 0.9536
80 0.020529 286.77 311.40 1.0249 0.017023 284.51 308.34 1.0056 0.014362 282.11 305.09 0.9875
90 0.021506 296.28 322.09 1.0547 0.017923 294.28 319.37 1.0364 0.015215 292.19 316.53 1.0195

100 0.022442 305.81 332.74 1.0836 0.Dl8778 304.01 330.30 1.0661 0.016014 302.16 327.78 1.0501
110 0.023348 315.40 343.41 1.1119 0.019597 313.76 341.19 1.0949 0.016773 312.09 338.93 1.0795
120 0.024228 325.05 354.12 1.1395 . 0.020388 323.55 351.09 1.1230 0.017500 322.oJ 350.03 1.1081
130 0.025086 334.79 364.90 1.1665 .0.021155 333.41 363.02 I.l504 0.018201 332.02 36I.l4 I.l36O
140 0.025927 344.63 375.74 1.1931 0.021904 343.34 374:01 1.1773 0.018882 342.06 372.27 1.1633
150 0.026753 354.57 386.68 1.2192 0.022636 353.37 385.07 1.2038 0.019545 352.19 383.46 1.1901
160 0.027566 364.63 397.71 1.2450 0.023355 363.51 396.20 1.2298 0.020194 362.40 394.71 1.2164
170 0.028367 374.80 408.84 1.2704 0.024061 373.75 407.43 1.2554 0.020830 372.71 406.04 1.2422
180 0.029158 385.10 420.09 1.2955 0.024757 384.12 418.78 1.2808 0.021456 383.13 417.46 1.2677
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Common semi-empirical correlations of Nusselt number

For Parallel Flow Over Flat Plates (Constant surface Temp)

LfIIl/il/CI r:

7ilrimlelll:

IlLNu = T = 0.664 Rc~.5Pr 1/.'

Nu = '~ = o.o:n Rc~'sPrllJ
0.6 :s; Pr :s; 60

:; x IO~:S; Rc,. "" 107

Partly laminar and partly turbulent:

Nil = IlL = (0.037 Reo.s - 871 Writ)k L.
0.6 := Pr := 60
5 x 10~:= Rc,."" 107

For Fully developed turbulent flow in the entire duct

. !lDt 08
Nil = --' = 0.023 Re . Pr°.4

k
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