
Birla Institute of Technology and Science Pilani, K K Birla Goa Campus 

Second SEMESTER 2022-2023 

ME F461 Refrigeration & Air-Conditioning 

Comprehensive Exam (Closed Book) 

DATE: 19/05/2023 Time: 10:00 A.M. – 1:00 P.M. Maximum Marks: 40 

Instructions 

a) Use of steam-tables / data-book NOT permitted. Charts and data provided at the end. 

b) Use of keywords, reasoning and use of schematics is preferred. 

c) Answer each main question on a new page 

 

Q1. Answer the following in brief       [8x2=16] 

 

a) Consider a cooling and dehumidification process on a psychrometric chart. Find the expression 

for slope of this line in terms of SHF. 

b) Draw the schematic and T-s diagram of a boot-strap system employed in aircraft air-

conditioning system. 

c) What is thermodynamic wet bulb temperature? Which non-dimensional parameter relates 

thermodynamic WBT to Wet bulb temperature. 

d) Consider that you are 4 km above the sea level where pressure is 0.65 bar and ambient 

temperature is 0 oC. You expose a refrigerated bottle maintained at 2 oC to the atmosphere. Specific 

humidity is 8 gm/kg d.a. Will the water condense? 

e) Refer to the following data and determine which location will provide better evaporative effects? 

Location 1: RH =50% , DBT =40 oC 

Location 2: WBT=20 oC and DBT 25 oC. 

f) What is the SI unit for ‘met’, briefly explain self- regulatory mechanism of the human body in 

hot environment. 

g) Mention four advantages of evaporative coolers compared to conventional air-conditioners 

h) What is sol-air temperature? A Concrete wall “I” is 5 cm thick and wall “J” is 10 cm thick which 

of the two walls has a greater decrement factor value ? 

 

 

 

         

 



Q.2 In an air-conditioning unit 3.5 m3/s of moist air at 27 oC dry bulb temperature, 50% relative 

humidity and standard atmospheric pressure enters the unit. The leaving condition of the air is 13 

oC DBT and 90% RH. Using psychrometric equations and table find (a) refrigeration capacity in 

kW (b) rate of water removal from air [Note: Do NOT use psychrometric chart]  [6]  

 

Q3. Consider a conditioned space with room sensible heat gain =20 kW and room latent heat gain 

=5 kW. The space is to be maintained at 25 oC and 50% RH. Outdoor air is 35 oC and 60% RH 

with 20 % by mass of air supplied to the room being outdoor air. The room ADP is 13 oC and Coil 

ADP is 10 oC. Draw the schematic, represent the process on the psychrometric chart and determine 

the following           [12] 

a) Mass flow rate of the supply air and condition of air leaving the cooling coil 

b) Volume flow rate of fresh air 

c) By-pass factor of the coil 

d) Coil sensible heat factor 

e) Total air-conditioning load  

 

Q4. Calculate the direct solar intensity ( cosDNI  ) on a vertical south-west facing wall situated in 

BITS campus (Latitude 15 o N)  at 2 PM solar time on 19th May, 2023. Also, find the total sunshine 

hours on this day.          [6] 
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720 Tables in SI Units

H
2
O

TABLE A-2 Properties of Saturated Water (Liquid–Vapor): Temperature Table

Specific Volume Internal Energy Enthalpy Entropy

m3/kg kJ/kg kJ/kg kJ/kg K

Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Temp. Press. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Temp.

�C bar vf � 103
vg uf ug hf hfg hg sf sg �C

.01 0.00611 1.0002 206.136 0.00 2375.3 0.01 2501.3 2501.4 0.0000 9.1562 .01

4 0.00813 1.0001 157.232 16.77 2380.9 16.78 2491.9 2508.7 0.0610 9.0514 4

5 0.00872 1.0001 147.120 20.97 2382.3 20.98 2489.6 2510.6 0.0761 9.0257 5

6 0.00935 1.0001 137.734 25.19 2383.6 25.20 2487.2 2512.4 0.0912 9.0003 6

8 0.01072 1.0002 120.917 33.59 2386.4 33.60 2482.5 2516.1 0.1212 8.9501 8

10 0.01228 1.0004 106.379 42.00 2389.2 42.01 2477.7 2519.8 0.1510 8.9008 10

11 0.01312 1.0004 99.857 46.20 2390.5 46.20 2475.4 2521.6 0.1658 8.8765 11

12 0.01402 1.0005 93.784 50.41 2391.9 50.41 2473.0 2523.4 0.1806 8.8524 12

13 0.01497 1.0007 88.124 54.60 2393.3 54.60 2470.7 2525.3 0.1953 8.8285 13

14 0.01598 1.0008 82.848 58.79 2394.7 58.80 2468.3 2527.1 0.2099 8.8048 14

15 0.01705 1.0009 77.926 62.99 2396.1 62.99 2465.9 2528.9 0.2245 8.7814 15

16 0.01818 1.0011 73.333 67.18 2397.4 67.19 2463.6 2530.8 0.2390 8.7582 16

17 0.01938 1.0012 69.044 71.38 2398.8 71.38 2461.2 2532.6 0.2535 8.7351 17

18 0.02064 1.0014 65.038 75.57 2400.2 75.58 2458.8 2534.4 0.2679 8.7123 18

19 0.02198 1.0016 61.293 79.76 2401.6 79.77 2456.5 2536.2 0.2823 8.6897 19

20 0.02339 1.0018 57.791 83.95 2402.9 83.96 2454.1 2538.1 0.2966 8.6672 20

21 0.02487 1.0020 54.514 88.14 2404.3 88.14 2451.8 2539.9 0.3109 8.6450 21

22 0.02645 1.0022 51.447 92.32 2405.7 92.33 2449.4 2541.7 0.3251 8.6229 22

23 0.02810 1.0024 48.574 96.51 2407.0 96.52 2447.0 2543.5 0.3393 8.6011 23

24 0.02985 1.0027 45.883 100.70 2408.4 100.70 2444.7 2545.4 0.3534 8.5794 24

25 0.03169 1.0029 43.360 104.88 2409.8 104.89 2442.3 2547.2 0.3674 8.5580 25

26 0.03363 1.0032 40.994 109.06 2411.1 109.07 2439.9 2549.0 0.3814 8.5367 26

27 0.03567 1.0035 38.774 113.25 2412.5 113.25 2437.6 2550.8 0.3954 8.5156 27

28 0.03782 1.0037 36.690 117.42 2413.9 117.43 2435.2 2552.6 0.4093 8.4946 28

29 0.04008 1.0040 34.733 121.60 2415.2 121.61 2432.8 2554.5 0.4231 8.4739 29

30 0.04246 1.0043 32.894 125.78 2416.6 125.79 2430.5 2556.3 0.4369 8.4533 30

31 0.04496 1.0046 31.165 129.96 2418.0 129.97 2428.1 2558.1 0.4507 8.4329 31

32 0.04759 1.0050 29.540 134.14 2419.3 134.15 2425.7 2559.9 0.4644 8.4127 32

33 0.05034 1.0053 28.011 138.32 2420.7 138.33 2423.4 2561.7 0.4781 8.3927 33

34 0.05324 1.0056 26.571 142.50 2422.0 142.50 2421.0 2563.5 0.4917 8.3728 34

35 0.05628 1.0060 25.216 146.67 2423.4 146.68 2418.6 2565.3 0.5053 8.3531 35

36 0.05947 1.0063 23.940 150.85 2424.7 150.86 2416.2 2567.1 0.5188 8.3336 36

38 0.06632 1.0071 21.602 159.20 2427.4 159.21 2411.5 2570.7 0.5458 8.2950 38

40 0.07384 1.0078 19.523 167.56 2430.1 167.57 2406.7 2574.3 0.5725 8.2570 40

45 0.09593 1.0099 15.258 188.44 2436.8 188.45 2394.8 2583.2 0.6387 8.1648 45
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TABLE A-2 (Continued)

Specific Volume Internal Energy Enthalpy Entropy

m3/kg kJ/kg kJ/kg kJ/kg K

Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Temp. Press. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Temp.

�C bar vf � 103
vg uf ug hf hfg hg sf sg �C

50 .1235 1.0121 12.032 209.32 2443.5 209.33 2382.7 2592.1 .7038 8.0763 50

55 .1576 1.0146 9.568 230.21 2450.1 230.23 2370.7 2600.9 .7679 7.9913 55

60 .1994 1.0172 7.671 251.11 2456.6 251.13 2358.5 2609.6 .8312 7.9096 60

65 .2503 1.0199 6.197 272.02 2463.1 272.06 2346.2 2618.3 .8935 7.8310 65

70 .3119 1.0228 5.042 292.95 2469.6 292.98 2333.8 2626.8 .9549 7.7553 70

75 .3858 1.0259 4.131 313.90 2475.9 313.93 2321.4 2635.3 1.0155 7.6824 75

80 .4739 1.0291 3.407 334.86 2482.2 334.91 2308.8 2643.7 1.0753 7.6122 80

85 .5783 1.0325 2.828 355.84 2488.4 355.90 2296.0 2651.9 1.1343 7.5445 85

90 .7014 1.0360 2.361 376.85 2494.5 376.92 2283.2 2660.1 1.1925 7.4791 90

95 .8455 1.0397 1.982 397.88 2500.6 397.96 2270.2 2668.1 1.2500 7.4159 95

100 1.014 1.0435 1.673 418.94 2506.5 419.04 2257.0 2676.1 1.3069 7.3549 100

110 1.433 1.0516 1.210 461.14 2518.1 461.30 2230.2 2691.5 1.4185 7.2387 110

120 1.985 1.0603 0.8919 503.50 2529.3 503.71 2202.6 2706.3 1.5276 7.1296 120

130 2.701 1.0697 0.6685 546.02 2539.9 546.31 2174.2 2720.5 1.6344 7.0269 130

140 3.613 1.0797 0.5089 588.74 2550.0 589.13 2144.7 2733.9 1.7391 6.9299 140

150 4.758 1.0905 0.3928 631.68 2559.5 632.20 2114.3 2746.5 1.8418 6.8379 150

160 6.178 1.1020 0.3071 674.86 2568.4 675.55 2082.6 2758.1 1.9427 6.7502 160

170 7.917 1.1143 0.2428 718.33 2576.5 719.21 2049.5 2768.7 2.0419 6.6663 170

180 10.02 1.1274 0.1941 762.09 2583.7 763.22 2015.0 2778.2 2.1396 6.5857 180

190 12.54 1.1414 0.1565 806.19 2590.0 807.62 1978.8 2786.4 2.2359 6.5079 190

200 15.54 1.1565 0.1274 850.65 2595.3 852.45 1940.7 2793.2 2.3309 6.4323 200

210 19.06 1.1726 0.1044 895.53 2599.5 897.76 1900.7 2798.5 2.4248 6.3585 210

220 23.18 1.1900 0.08619 940.87 2602.4 943.62 1858.5 2802.1 2.5178 6.2861 220

230 27.95 1.2088 0.07158 986.74 2603.9 990.12 1813.8 2804.0 2.6099 6.2146 230

240 33.44 1.2291 0.05976 1033.2 2604.0 1037.3 1766.5 2803.8 2.7015 6.1437 240

250 39.73 1.2512 0.05013 1080.4 2602.4 1085.4 1716.2 2801.5 2.7927 6.0730 250

260 46.88 1.2755 0.04221 1128.4 2599.0 1134.4 1662.5 2796.6 2.8838 6.0019 260

270 54.99 1.3023 0.03564 1177.4 2593.7 1184.5 1605.2 2789.7 2.9751 5.9301 270

280 64.12 1.3321 0.03017 1227.5 2586.1 1236.0 1543.6 2779.6 3.0668 5.8571 280

290 74.36 1.3656 0.02557 1278.9 2576.0 1289.1 1477.1 2766.2 3.1594 5.7821 290

300 85.81 1.4036 0.02167 1332.0 2563.0 1344.0 1404.9 2749.0 3.2534 5.7045 300

320 112.7 1.4988 0.01549 1444.6 2525.5 1461.5 1238.6 2700.1 3.4480 5.5362 320

340 145.9 1.6379 0.01080 1570.3 2464.6 1594.2 1027.9 2622.0 3.6594 5.3357 340

360 186.5 1.8925 0.006945 1725.2 2351.5 1760.5 720.5 2481.0 3.9147 5.0526 360

374.14 220.9 3.155 0.003155 2029.6 2029.6 2099.3 0 2099.3 4.4298 4.4298 374.14

Source: Tables A-2 through A-5 are extracted from J. H. Keenan, F. G. Keyes, P. G. Hill, and J. G. Moore, Steam Tables, Wiley, New York, 1969.
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