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EMK 404 - Penyejukan dan Penyamanan Udara
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ARAHAN KEPADA CALON:

Sila pastikan bahawa kertas soalan mengandungi SEPULUH mukasurat dan TUJUH
halaman lampiran serta TUJUH soalan yang bercetak sebelum anda. memulakan
peperiksaan ini.

Sila jawab LIMA soalan. Pilih sekurang-kurangnya DUA soalan dari setiap bahagian.

Sekurang-kurangnya satu (1) soalan mestilah dijawab Bahasa Malaysia. Soalan-soalan
yang lain bolehlah dijawab sama ada dalam Bahasa Malaysia atau Bahasa Inggeris.

Jawapan dari setiap soalan mestilah dimulakan pada mukasurat yang baru.

Termasuk lampiran-lampiran:

1. Carta R-22.
2. Jadual R-22.
3. Carta “Psychrometric”

4. Carta “Friction”
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[EMK 404]

BAHAGIAN A

Senaraikan LIMA jenis bahan pendingin dan terangkan dengan
ringkas penggunaannya.

List FIVE types refrigerant and briefly indicate their applications.

(40 markah)

Sebuah sistem mampatan wap R-22 mengandungi penukar haba cecair
ke sedutan. Penukar haba memanaskan wap tepu yang keluar
daripada penyejat daripada -10°C ke 5°C dengan menggunakan haba
daripada cecair yang keluar daripada pemeluwap pada 30°C.
Andaikan proses mampatan adalah isentropi.

A refrigerant R-22 vapour compression system includes a liquid to suction
heat exchanger in the system. The heat exchanger warms saturated vapour
coming from the evaporator from -10°C to 5°C with liquid which comes
from the condenser at 30°C.  Assumes isentropic process for the
compressor. '

[i] Kirakan pekali prestasi sistem tanpa penukar haba tetapi suhu
pemeluwapan 30°C dan suhu penyejatan -10°C.

Calculate the coefficient of performance of the system without the
heat exchanger but with condensing temperature at 30°C and an
evaporating temperature of -10°C.

(20 markah)

[ii]  Kirakan pekali prestasi sistem dengan penukar haba.

Calculate the coefficient of performance of the system with heat
exchanger.
(20 markah)

[iii} Jika pemampat mengepam 12.0 liter/s bahan pendingin yang
diukur di sedutan pemampat, apakah muatan pendinginan
dengan dan tanpa penukar haba.

If the compressor is capable of pumping 12.0 litres/s of refrigerant
measured at the compressor suction, what is the refrigeration
capacity of the system with and without the heat exchanger.

(20 markah)
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Apakah kelebihan sistem pendinginan pelbagai tahap?
What are the advantages of a multipressure refrigeration system?

(30 markah)

Sistem pendinginan dua tahap R-22 menggunakan pembuangan gas
kilat dan penyejuk antara di dalam satu penyejat seperti Rajah S2[b].
Suhu penyejat adalah -40°C dan suhu pemeluwap 30°C. Muatan
pendinginan 318 kW.

A two stage refrigerant R-22 system that uses flash-gas removal and
intercooling serves a single low temperature evaporator as shown in Figure
Q2[b]. The evaporating temperature is -40°C and the condensing
temperature is 30°C. The refrigerating capacity of the system is 318 kW.

[i] Tentukan kuasa yang diperlukan bagi pemampat tahap rendah
dan tahap tinggi.

Determine the low and high stages power required.
(40 markah)
[ii] Bandingkan jumlah kuasa yang diperlukan di antara sistem
2 pemampat dengan sistem satu pemampat bagi muatan
pendinginan 318 kW.
Compare that total power requirement between a two stage
compressor system with a single compressor system for the

refrigeration capacity of 318 kW.

(30 markah)
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Rajah S2[b]
Figure Q2[b]

Terangkan jenis-jenis pemampat yang digunakan di dalam sistem
pendinginan.

Describe the type of compressors used in refrigeration system.
(40 markah)

Sebuah katalog menunjukkan muatan pendinginan 115 kW bagi
sistem R-22, pemampat 4 silinder jenis hermetik, laju 1800 ppm, suhu
pemeluwap 40°C dan suhu penyejatan -4°C. Pada titik penggendalian
ini motor (kecekapan 90%) memerlukan kuasa 34.5 kW. Ukuran bagi
pemampat adalah 87 mm garispusat dalam dan 70 mm lejang omboh.
Maklumat prestasi berdasarkan subsejuk 8°C cecair yang
meninggalkan pemeluwap. Tentukan kecekapan isipadu sebenar dan
kecekapan isentropi pemampat.
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The catalogue for a refrigerant R-22 four cylinder, hermetic compressor
operating at 1800 rpm, a condensing temperature of 40°C and an
evaporating temperature of -4°C shows a refrigerating capacity of 115 kW.
At this operating point the motor (90% efficiency) draws 34.5 kW. The
bore of the cylinder is 87 mm and the piston stroke is 70 mm. The
performance date are based on 8°C of subcooling of the liquid leaving the
condenser. Determine the actual volumerric efficiency and the isentropic
efficiency of the compressor.

(60 markah)

Lakarkan unit pendinginan penyerapan mudah dan terangkan dengan
ringkas penggendaliannya.

Sketch a basic absorption refrigeration unit and briefly describe its
operation.

(40 markah)

Di dalam sebuah unit pendingin kapalterbang, udara disalurkan
daripada pemampat gas turbin pada 3.5 bar dan 270°C. Udara ini
disalurkan ke penukar haba. Udara sebagai bahan pendingin
meninggalkan penukar haba pada 3.5 bar dan 75°C dan kemudiannya
dikembangkan melalui sebuah turbin ke 0.76 bar. Kecekapan
isentropi turbin 85%. Udara dibekalkan ke kabin kapalterbang dan
meninggalkan kapalterbang pada 16°C. Kirakan kesan pendinginan
per kg udara dan kuasa terjana oleh tarbin udara per kg udara per
saat.

In an aircraft refrigerating unit air is bled from the engine compressor at
3.5 bar and 270°C and is passed through an air cooled heat exchanger.
The refrigerant air bled leaves the heat exchanger at 3.5 bar and 75°C and
is expanded through a turbine to 0.76 bar. The isentropic efficiency of the
turbine is 85%. The air is then delivered to the aircraft cabin and leaves
the aircraft at 16°C. Calculate the refrigerating effect per kg air and the
power developed by the air turbine per kg of air per second.

(60 markah)

&3 3 ..6/-
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BAHAGIANB
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Tunjukkan proses-proses berikut pada carta psikrometri.
[i] Penyejukan dan lembapan
[ii] Penyejukan dan nyahlembapan
[iii] Pemanasan danlembapan
[ivi Pemanasan dan nyahlembapan
Show the following processes on the psychometric chart.
[i] Cooling and humidification
[ii]  Cooling and dehumidification
[iii] Heating and humidiﬁcation
[iv]  Heating and dehumidification
(20 markah)

Apakah kesan mengubah faktor pirau ke atas peralatan penyamanan
udara? '

What are the effects of varying the bypass factbr on the air conditioning
equipment?
(20 markah)

Sebuah struktur mempunyai beban penyejukan 10 tom, 2.5 ton
daripadanya adalah beban pelakuran. Ruangan perlu dikekalkan
pada 76°F dan 50% kelembapan relatif. 10% daripada isipadu udara
yang dibekalkan ke ruangan adalah udara luar 100°F dan 50%
kelembapan relatif. Suhu yang dibekal ke ruang tidak boleh kurang
daripada 56°F. Andaikan tekanan panas laut dan tentukan:-

[i] amaun udara minimum yang dibekalkan ke ruang dalam cfm
[ii] kuantiti udara balik dan udara luar dalam cfm
[iii] ~muatan dan SHF bagi gelung penyejukan

[ivl] keadaan dan kadar alir i§ipadu udara memasuki gelung
penyejukan ‘.
340 -




S6.

[a]

(b]

[c]

[EMK 404]

-7-

A structure has a calculated cooling load of 10 tons of which 2.5 tons is
latent load. The space is to be maintained at 76°F dry bulb and 50 percent
relative humidity. Ten percent, by volume, of the air supplied to the space
is outdoor air at 100°F dry bulb and 50 percent relative humidity. The air
supplied 1o the space cannot be less than 56°F dry bulb. Assume sea level
pressure and find:-

[i] the minimum amount of air supplied to the space in cfm
[ii]  the quantity of return air and outdoor air in cfm
[iii]  the capacity and SHF for the cooling coil

[iv]  the conditions and volume flow rate of the air entering the cooling
coil.

(60 markah)

Apakah kehilangan penukaran kipas? Mengapakah ia diperlukan
untuk rekabentuk salur?

What is fan conversion loss and gain? Why it must be included in duct
design? '

(15 markah)

Terangkan dengan ringkas faktor yang mempengaruhi kos mula dan
kos penggendalian salur penyamanan udara.

Briefly explain the factors that influence the initial and operating cost of
air-conditioning ducts.

(25 markah)

Pilih saiz salur bagi sebuah sistem salur di dalam Rajah S6[c] dengan
menggunakan kaedah geseran bersamaan. Jumlah susutan tekanan
bagi semua pencapah adalah 0.15 inci wg. Andaikan nisbah bidang 2.

Select duct sizes for the duct system shown in Figure Q6[c] using the equal

friction method. The loss in total pressure for all diffusers is 0.15 in wg.
Assume an aspect ratio of 2.

.8/-
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35 3600 CFM 1800 CFM
1800 CFM  20° ) 1800 CFM  20°
25 20'{1500 201500 20'[1500
20'[1200 20°]1200 20°[1200
FAN
5400 CFM 201 900 207 900 207 800
207 800 2071 600 201 800
207 300 207 200 201 300
2) 18)
Rajah S6]c]
Figure Q6[c]

(60 markah)
S$7. Sebuah pejabat di hawadinginkan seperti di Rajah S7. Maklumat pejabat

diberi di bawah:-

An office is to be air conditioned as shown in Figure Q7. The particulars of the
office are given below:.-

Tingkap (Window)
Q0 x4)

Pintu (Door)
Timur (90" x 60" x 14”) 7 x4)
(East)

| ]|

Tingkap (Window)
(70 x 4°)

Rajah S§7
Figure Q7

34L o.
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[i] Saiz ruangan : 90’ x 60’ x 14’ (tinggi). Tingkat tengah bagi
bangunan 5 tingkat. Tingkat atas dan bawah tingkat ini di
hawadinginkan.

[ii] Masa rekabentuk : 5 petang.

[iii] Bulan rekabentuk : Julai.

[iv] Pekali keseluruhan permindahan haba
Uamnang = 0.3 BTU/(hr.°F.sq.ft.)

Usitingtamai = 0.4 BTU/(hr.°F.sq.1t.)
Ucermin = 1.04 BTU/(hr.°F.sq.ft.)
Upint = 0.5 BTU/(hr.°F.sq.ft.)

{v] Perbezaan suhu setara dan gandaan haba suria ketika melalui
cermin.

Pendedahan | Gandaan haba | Atsetarabagi | Atsetarabagi | Atsetara bagi

suria ketika dinding batu cermin kayu
melalui cermin
BTU/Mr.£t2) C°F) CF) (&)
Utara 15 3 14
Timur 65 12 14
Selatan 110 10 18
Barat 210 8 25 25

[vi] Bilangan orang: 120 orang

[vii] Lampu: 20 kW

[viii] Peralihan udara: 20 kaki*/meter per orang

[ix] Keadaan udara luar : 100°F dst/80°F wbt

x1 Keadaan udara dalam : 78°F dbt/50% rh

Tentukan jumlah beban penyejukan pejabat.

.10/~
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[i] Size of the space: 90’ x 60 x 14’ (height). Intermediate floor of a

five storey building.

conditioned.

[ii]  Design time:

[iii]  Design month:

5pm

July

[iv]  Overall heat transfer coefficients:

Uwall

Uglass
U doar

= 0.3 BTU/(hr.°F. sq.ft.)
Uveitingsfioor = 0.4 BTU/(hr.°F. sq.ft.)
= 1.04 BTU/(hr.°F. sq.f.)
= 0.5 BTU/hr.°F. sq.ft.)

Floor above and below this floor are

{v] Equivalent temperature difference and instantaneous solar heat
gain through glass

Instantaneous At equivalent At equivalent At equivalent
Exposure solar heat gain | for brick wall Jor glass Jor wood
through glass
(BTU/hr fi*) (°F) (°F) (°F)
North 15 3 14
East 65 12 14
Sourh 110 10 18
West 210 8 25 25
[vi]  Number of people: 120 persons
[vii] Lights: 20 kW
[viii] Ventilation air: 20 cfin per person
[ix]  Outdoor air condition: 100°F dbt/80°F wbt
[x]  Indoor air condition: 78°F dbt/50% rh
Determine the total cooling load of the office.
(100 markah)
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Lampiran 1

Pressure, kPa
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Figure A-4 Pressureenthalpy diagram cf superheated refrigzrant 22 vapor. {Prepared for this book by the Technical University of Denmark from

data in Ref. 9.)
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426 REFRIGERATION AND AIR CONDITIONING

Table A-6 Refrigerant 22: properties of liquid and saturated vapor®
. Enthalpy, Entropy, Specific volume,
k3 /kg Kilkg* K Likg
1, °C P, kPa hy hy sy M Sg vy Yo
20 37.48 134.763 379.114 0.73254 1.87886  1.68208 537.152
-55 49.47  139.830 381.52% 0.75599 1.86389 0.68856 414.827
-50 64.39 144.959 383921 - 0.77919 1.85000 0.69526  324.557
~45 82.71 150.153 386.282 0.80216 1.83708 0.70219  256.990
40 104.95 155414  388.609 0.82490 1.82504  0.70936  205.745
-35 13168 160.742  390.896 0.84743  1.81380 0.71680 166.400
-30 163.48 166.140 393.138 0.86976  1.80329 0.72452 135.844
-28 177.76  168.318  394.021 0.87864  1.79927 0.72769  125.563
-26 19299 170.507 394896 0.88748  1.79535 0.73092 11€.214
-24 209.22 172708 395.762 0.89630 1.79152  0.73420: 107.701
-22 22648 174919 396619 0.90509 1.78779 0.73753 99.9362
-20 244.83 . 177.142 397467 0.91386 1.78415 0.74091 92.8432
-18 264.29 179376 398.305 0.92259 1.78059 0.74436 86.3546
-16 284.93 181,622  399.133 0.93129 1.77711 0.74786 80.4103
-14 306.78 183.878  399.95! 0.93997  1.77371  0.75]43 74.9572
~-12 329.89  186.147 400.759 0.94862 1.77039 0.75506 69.9478
-10 354.30 188.426 401.555 0.95725 1.76713 0.75876 65.3399
-9 387.01 189.571  401.949 0.96155  1.76553  0.76063 63.1746
-8 380.06 190.718  402.341 0.06585 1.76394  0.76253 61.0958
-7 39347 191.868 402.729 0.97014 1.76237 0.76444 59.0996
-6 140723 193021 403.114 0.97442 1.76082 0.76636 57.1820
~5 421.35 194176 403496 0.97870 1.75928 0.76831 55.3394
-4 435.84 195335 403.876 0.98297 1.75775 0.77028 53.5682
-3 450.70 196.497 404.252 6.98724 1.75624 0.77226 5§1.8653
-2 46594 197662 404.626 0.99150 1.75475 0.77427 50.2274
-1 481.57 198.828 404.994 099575 1.75326 0.77629 48.6517
] 497.59  200.000 405.36! 1.00000 1.75279 0.77834 47.1354
1 514.01  201.174 405724 ™ 1.00424 1.75034 0.78041 45,6751
2 530.83 202.351 406.084 1.00848 1.74889 0.78249 44.2702
3 548.06 203.530 406.440 1.01271 1.74746  0.78460 42.9166
4 565.71  204.713  406.793 1.01694  1.74604 0.78673 41.6124
5 583.78 205.899 407.143 1.02116  1.74463  0.78889 40.3556
6 602.28 207.089 407489 1.02537 1.74324 0.79107 39.1441
7 621.22 208.281 407.831 1.02958 1.74185 0.79327 379759
8 640.59 209477 408.169 1.03379  1.74047 0.79549 36.8493
9 660.42 210.675 408.504 1.03799  1.73911  0.79775 35.7624
10 680.70 211.877 408.835 1.04218  1.73775  0.80002 34.7136
11 70144  213.083 409.162 1.04637 1.73640 0.80232 33.7013
12 722.65 214.291 409.485 1.05056 1.73506  0.80465 32.7239
13 744.33  215.503 409.804 1.05474  1.73373  0.86701 31.7801
14 766.50 216.719 410.119 1.05892  1.73241 0.80939 30.3683
15 789.15  217.937 410.430 1.06309 1.73109 0.81180 29.9874
16 812.29 219,160 410.736 1.06726 1.72978 0.81424 29.1361
17 83593 220.386 411.038 1.07142 1.72848 0.81671 28.3131
18 860.08 221.615 411.336 1.07559 172719 C.81922 27.5173
19 884.75  222.848 411.629 1.07974 1.72590 0.82175 26.7477
20 909.93  224.084 411918 1.08390 172462 (0.82431 26.0032

Table A-6 (continued)

APPENDIN 477

Enthalpy, Entropy, Specific volume,
kl/kg kl/kg * X Likg
L°C P, kPa x\ :n S 5 v Ve
21 935.64 225324  412.202 1.08805 1.72334  (.82691 25.2829
22 961.89  226.568 412.481 1.09220 1.72206 0.82954 24.5857
23 988.67 227.816 412.755 1.09634  1.72080 0.83221 23.9107
24 1016.0 229.068 413.025 1.10048 1.71953  0.83491 23.2572
25 1043.9 230324 413.289 1.10462 1.71827 0.83765 226242
26 1072.3 231.583 413.548 1.10876 1.71701  0.84043 22.011t
27 11014 232.847  413.802 1.11290  1.71576 084324 21.4169
28 1130.9 234.115 414.050 1.11703  1.71450 0.84610 20.8411 .
29 1161.1 235.387 414.293 1.12116  1.71325 0.84899 20.2829
30 1191.9 236.664 414.530 1.12530  1.71200 0.85193 19.7417
31 12232 237944 414762 1.12943  1.71075 0.85491 ~ 19.2168
32 1255.2 239.230 414.987 1.13355  1.70950 ~0.85793 18.7076
33 1287.8 240.520 415.207 1.13768  1.70826  0.86101 18.2135
34 1321.0 241.814 415420 1.14181  1.70701 0.86412 17.7341
35 1354.8 243.114 415627 1.14594 1.70576  0.86729 17.2686
36 1389.2 244418 415.828 1.15007 1.70450 0.87051 16.8168
37 14243 245.727  416.021 1.15420 1.70325 0.87378 16.3779
38 1460.1 247.041 416.208 1.15833  1.70199 0.87710 15.9517
39 1496.5 248.361  416.388 1.16246  1.70073  0.88048 15.5375
40 1533.5 249.686 416.561 116659 1.69946 0.88392 15.1351
41 1571.2 251.016  416.726 1.17073 169819 0.88741 14.7439
42 1609.6 252.352  416.883 1.17486  1.69692 0.89097 14.3636
43 1648.7 253694 417.033 1.17900  1.69564  0.89459 13.9938
44 1688.5 255.042 417.174 1.18315 1.69435 0.89828 13.6341
45 1729.0 256.396  417.308 1.18730  1.69305 0.90203 13.2841
46 1770.2 257.756  417.432 1.19145 169174 0.90586 12.9436
47 1812.1 259.123  417.548 1.19560 1.69043  0.90976 126122
43 1354.8 260.497  417.655 1.19977  1.68911 091374 12.2895
49 1898.2 261.877 417.752 1.20393  1.68777 091779 11,9753
50 1942.3 263.264 417.838 1.20811 1.68643 0.92193 11.6693
52 2032.8 266.062 417.983 1.21648 = 1.68370  0.93047 11.0806
54 2126.5 268.891 418.083 1.22489 168091 0.93939 10.5214
56 22232 271.754  418.137 1.23333 1.67805 0.94872 9.98952
58 2323.2 2174654 418.141 1.24183  1.67511  0.95850 948319
60 2426.6 277.594 418.089 1.25038 1.67208 0.96878 9.00062
62 2533.3 280.577 417.978 1.25899  1.66895 0.97960 8.54016
64 2643.5 283.607 417.802 1.26768 1.66570 0.99104 §.10023
66 27573 286.690 417.553 1.27647 166231 1.00317 767934
68  2874.7 289.832 417.226 1.28535 1.65876 1.01608 7.27605
70 2995.9 293.038 416.809 1.29436  1.65504 1.02987 6.88899
75 3316.1 301.399 415.299 1.31758  1.64472  1.06916 5.98334
80 36623 310424 412.898 1.34223 1.63239 1.11810 5.14862
85 4036.8 320505  409.101 1.36936  1.61673  1.18328 4.358i5
90 44425 332.616 402653 1.40155 1.59440 1.28230 3.56440
95 48835 351.767  386.708 1.45222 1.54712  1.52064 2.55133
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Table A-7 Refrigerant 22: properties of superheated vapor®
t,°C v, L/kg h, kilkg s, klfkg « K v, Likg #, kllkg s, kifkg - K v, L/kg h, klfkg s, ki/kg - K
Saturation temperature, -20°C Saturation temperature, ~10°C Saturation temperature, 0°C
-20 92.8432 397.467 1.7841
-15 95.1474 400.737 1.7969
-10 97.4256 404.017 1.8095 65.3399 401.555 1.7671
~5 99.6808 407.307 1.8219 67.0081 404.983 1.7800
0 101.915 410610 1.834}1 68.6524 408.412 1.7927 47.1354 405.361 1.7518
) 104.130 413926 1.8461 70.2751 411.843 1.8052 48.3899 408.969 1.7649
10 106.328 417.258 1.8580 71.8785 415.283 1.8174 49.6215 412.567 1.7777
15 108,510 420.606 1.8697 73.4644 418.730 1.8295 50.8328 416.159 1.7903
20 110678 423.970 1.8813 75.0346 422.186 1.8414 52.0259 419.649 1.8026
25 112.832 426.353 1.8928 76.5904 425.653 1.8531 $3.2028 423.339 ) 1.8148
Saturation temperature, 5°C Saturation temperature, 10°C Saturaticn tenperature, 15°C
5 40.3556 407.143 1.7446
10 41.4580 410.851 1.7578 34,7136 408.835 1.73717
15 42.5379 414.542 1.7708 35.6907 412651 1.7511 29.9874 410.430 1.7311
20 43.5979 418.222 1.7834 36.6454 416.442 1.7642 30.8606 414.362 1.7556
25 44,6401 421.894 1.7958 37.5804 420.215 1.7769 31.7114 418.260 1.7578
30 45,6665 425.562 1.8080 38.4981 423.974 1.789%4 32.5427 422.133 1.7707
35 46.6786 429.229 1.8200 39.4002 427.724 1.8017 33.3568 425.985 1.7833
40 47.6779 432.897 1.8319 40.2884 431469 1.8137 34,1586 429.823 1.7956
45 48.6656 436.569 1.8435 41.1642 435.211 1.8256 34.9409 433.650 1.8078
50 496427 440.247 1.8550 42.0286 438.954 1.8373 35.7139 437.470 1.8197

Table A-7 (continued)

Saturation temperature, 20°C

Saturation temperature, 25°C

Saturation temperature, 30°C

26.0032
26.7900
27.5542
28.2989
29.0264
29.7389
30.4379
31.1250
31.8012
324678

411.918
415.977
419.991
423.970
427.922
431.852
435.766
439.668
443.561
447.450

1.724¢6
1.7383
1.7517
1.7646
1.7774
1.7899
1.8021
1.814}
1.8258
1.8374

22.6242
23.3389
24.0306
24.7027
25.3575
25.9974
26.6239
27.2386
27.8427

413.289
417.487
421.627
425.721
429.779
433.807
437.813
441,801
445.777

1.7183
1.7322
1.7458
1.7590
1.7718
1.7844
1.7967
1.8087
1.8206

19.7417
20,3962
21.0272
21.6381
22.2316
22.8101
23.3733
23.9288

414.530
418.881
423.159
427.378
431.549
435.683
439.787
443 867

1.7120
1.7262
1.7400
1.7534
1.7664
1.7791
1.7915
1.8036

Saturation temperature, 32°C

Saturation temperature, 34°C

Saturation temperature, 36°C

61y

19.0907
19.7093
20.3062
20.8847
21.4471
21.9956
22.5318
23.0571
23.5726
24.07%4

417.648
422.014
426.310
430.549
434.743
438.900
443.028
447.133
451.219
455.292

1.7182
1.7322
1.7458
1.7591
1.7719
1.7845
1.7968
1.8089
1.8207
1.8323

17.8590
18.4675
19.0526
19.6178
20.1660
20.6994
21.2199
21.7289
22.2278
22.7176

416.325
420.792
425.174
429.487
433.747
437.963
442.143
446.294
450.424
454.535

] ¥

1,7099
1.7243
1.7382
1.7517
1.7647
17775
1.7899
1.8021
1.8141¢
1.8258

17.2953
17.8708
18.4247
18.9603
19.4802
19.9865
20.4807
20.96432
21.4385

419.483
423.961
428.358
432.690
436.970
441.207
445410
449.586
453,739

1.7162
1.7304
1.7442
1.7575
1.71704
1.7830
1.7954
1.8074
1.8193
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Table A-7 {(continued)

[EMK 404]

t,°C v, Likg h,kl/kg s, ki/kg « K v, L/kg k,kI/kg s, kI/kg - X v, Llkg T h, k3/kg s, klfkg - K
-Saturation temperature, 38°C Saturation temperature, 40°C Satuzation temperature, 42°C

40 16.1865 .| 418.076 1.7080 15.1350 416.561 1.6995

45 16.7545 422.664 1.7225 15.6982 421.274 1.7144 14.6964 419.779 1.7061
50 17.2991 427.155 1.7365 16.2355 425.871 1.7287 15.2286 424.496 1.7208
5$ 17.8240 431.568 1.75301 16.7514 430.374 1.7426 15.7373 429.101 1.7349
60 18.3320 435,918 1.7632 17.2491 434.803 1.7560 16.2264 433.617 1.7486
65 18.8255 440.218 1.7760 17.7313 439.171 1.76%0 16.6987 438.062 1.7618
70 19.3063 444.477 1.7885 18.2001 443.491 1.7817 17.1568 442.449 1.7747
75 19.7760 448.703 1.8008 18.6571 447.771 1.7940 17.6024 446.788 1.7872
80 20.2358 452.901 1.8127 19.1038 452.019 1.8061 18.0371 451.090 1.7995
85 19.5412 456.241 1.8180 18.4622 455.360 1.8115

Saturation temperature, 45°C Saturation iewperature, S0°C

45 13.2841 417.308 1.6931

S0 13.8136 422.241 1.7084 11.6693 417.839 1.6864

55 143154 427.025 1.7231 12,1721 423.028 1.7024

60 14.7946 431.693 1.71372 12.6447 428.026 17175

65 15.2550 436.268 1.7509 13.0932 432877 1.7319

70 15.6995 440.769 1.7641 13.5219 437.613 1.7458

75 16.1303 445,209 1.7769 13.9342 442.258 1.7593

&0 16.5492 449.599 1.7895 14.3325 446.828 1.7723

8s 16.9578 453.950 1.8017 14.7187 451.337 1.7850

80 12.3571 458.267 1.8137 15.0943 455.796 1.7973

S
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Lampiran 3
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Low-veiocity systems High-velocity systems

0.2 0304 0608

$hise 100

! 8574 BB H %z
IR X =
oo LA BADA IR AL N AR e 77
60000 |63 AR AA S

N\
{‘ -
v
™
-]
SN
»
N
g —
Nalutid

50000

& Ay U
40000 \ [ ' \ ; g 233 K P
r‘5\ | S IRT Bag% ~
30000 \ ANGA Xt

(‘
AV

o] .j’c’ —
[

20000

5=
AN

Air flow-cfm
11

111

L.
%)t
"
o \
==
‘s,

I

-1

eiE

guil

hY

A
i

Lasw——
nn

n}

)
(e

&2

_’ﬂx nathtin

[+ 3

Friction ‘oss, 'n. wg per 100 ‘t

Figure Recommended velocity and friction rate design limits. (Reprinted
by permission from ASHRAE Handbook, Fundamentals Volume.

1985.) 150

[ EMK 404]

Lampiran 4

[1/2]




LAMP1RAN 4

[EMK 404}

%

=

-

jraed

-

-
-

-
-

A

o
“ 5 a.v 3 I :ﬁ“:‘ \H: ﬁmﬂu O R 11111 AT T ©
e [N e o ot — AT L NS sl — 3 ot
© FReg® N _ﬂy‘\ \k\\\\”\ o = S \\H s/n,\,\\V\\ w%‘B
g 1&50..2.3\“ “ e ‘W\\ .- P 1S .\VOOO: ©
< —'f /L\n “\“ﬂ \\1 \\\ |~ \_\ - .OM \Hell. Jq’%..
- as R o o o= - - S \V“ = P
a0 (S 41 Dt L1 ST > <, Q0 ™
o 1 - .\H ﬂ\& \\\\vAA\\\\X /\ Moxo AT
o ol e ol o - QQ - N
e S N R T AR TS LA T
%Mﬁxvq P P - o K | L+ 1 VA _~ b
o N%' > el HI( —1 = S = @%H -
3 400 < — — ~1— S A i b0 S
P L N S O = o i B — ="
S - S [ N - 4 — = eP°
<« B.7000 7 | D) N ‘D1 L _ "1 N - ol A <«
==y AN = - b =g N I L S R
> o S TN R T EERE = y
© B 60— NI IVA\MMAH 1 —K| =7 \°
oH L ~EANED 1" N =1 1 M= —aoP1 S
© mV»—PAQv— VAV " VA\ -~ /\ N = ] L~ e
- o
a \\/ N [ — \ X / - - —t
: L~
x\,m% .M XM( <N 1< /\“‘\f\/ \A/ ! -
0 BN ¢ % S, [~ o N A0 o S
Q .I‘ g — e ~ _——, - . et ~J O
=g s a& - ‘V\\ — TN 11 1> —} % = p=
% ) i N rll!d\. . //r.lswl i N a!»ln.. .IIV\WL\ /H m
W 4% - 4.\ P, \Xr - MAA AN // ym
10 " N AN < ST N A o = e g
>ct 5 N N N cedl _Ne\0 =
h e e A A s LA
MA% 4*\000 - |1 J / VA // /Vv\ \.A / / o
N
5NN INLE A A b ™ P NPT N ¢ Ns
o ‘ o o o oo
8 58888 & 8 § & 838R B 8 9§ 8 8 2

sinuiw Jad ne Jo 1334 2qN)

Pressure lass, in. wg per 100 ft

-

Volume. 1977.)

galvanized stee! ducts. (Reprinted by

=

permission from ASHRAE Handbook. Fundamenials

Pressure loss due to fricuon for

Figure

[2/2]

‘\:!.La »
30 A



