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ARAHAN KEPADA CALON

Sila pastikan bahawa kertas peperiksaan ini mengandungi ENAM muka surat dan
TUJUH soalan serta EMPAT BELAS lampiran yang bercetak sebelum anda

memulakan peperiksaan ini.

Jawab LIMA soalan sahaja.

Semua soalan MESTILAH dijawab dalam bahasa Melayu.
T k lampiran-lampiran:

1. Analisis Beban Penyamanan Udara
2. Jadual: "Recommended NC (Noise Criteria)”
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[EMK 404]
-7

Terangkan cara kerja kitar penyejukan penyerapan wap (vapour
absorption). .

(30 markah)

Dalam sebuah loji penyejukan yang menggunakan refrigerant-12, wap
meninggalkan penyejat dalam keadaan tepu kering. Ia kemudian
dimampatkan secara adiabatik tak-boleh-balik (irreversible) di dalam
pemampat empar. Tekanan penyejat adalah 1.826 bar dan tekanan
pemeluwap adalah 7.449 bar. Suhu wap yang meninggalkan
pemampat adalah 45°C. Cecair meninggalkan pemeluwap pada 25°C
dan ia didikitkan (throttle) sehingga mencapai tekanan penyejat.
Kirakan kesan penyejukan, kerja dilakukan per kg bahan penyejuk,
dan C.O.P mesin ini. Apakah nilai C.O.P.nya jika pemampatan
dijalankan secara boleh balik dan hampir adiabatik di dalam sebuah
pemampat saling (reciprocating compressor)?

(70 markah)

Terangkan pengubahsuaian (modification) yang boleh dibuat ke atas
kitar penyejukan mampatan wap bagi membaiki prestasinya.

(30 markah)

Rajah S2[b] menunjukkan suatu sistem penyejukan mampatan wap
dua peringkat yang menggunakan Refrigerant-12 sebagai bahan
penyejuk. Sistem tersebut menggunakan penukar haba sentuhan terus
(direct contact heat exchanger) bagi menghasilkan pendinginan-antara.
Penyejatnya mempunyai keupayaan penyejukan 30 ton dan
menghasilkan wap tepu - 6°C pada salur keluarnya. Pada peringkat
mampatan pertama, bahan penyejuk dimampat secara adiabatik
sehingga mencapai 3 bar. Ini merupakan tekanan di dalam penukar
haba sentuhan terus. Wap tepu pada 3 bar memasuki peringkat kedua
pemampat pada 3 bar dan dimampat secara adiabatik sehingga
mencapai 12 bar. Setiap pemampat mempunyai kecekapan seentropi
85%. Tidak terdapat sebarang kejatuhan tekanan yang ketara semasa
bahan penyejuk melalui penukar haba. Cecair tepu memasuki setiap
injap pengembang (expansion valve). Tentukan

1] Kadar alir jisim melalui penyejat
[ii} Kuasa mz;sukan ke setiap peringkat pemampatan
fiiij C.O.P
(70 markah)

.. 3f-
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Rajah S2[b]

Terangkan cara kerja sistem penyejukan jet stim.
(30 markah)

Di dalam sistem penyejukan sebuah kapal terbang, udara yang keluar
dari pemampat pada 4 bar dan 280°C didinginkan di dalam penukar
haba sejukan udara (air cooled heat exchanger) udara tersebut
meninggalkan penukar haba pada 4 bar dan 80°C. Seterusnya ia
dikembangkan melalui trbin sehingga mencapai 0.75 bar. Kecekapan
seentropi turbin udara tersebut adalah 88°C. Udara tersebut kemudian
dibekalkan ke kabin. Selepas itu ia meninggalkan kapal terbang pada
suhu 16°C. Kirakan kesan penyejukan per kg udara dan kuasa yang
dihasilkan oleh turbin udara per kg udara per saat.

(70 markah)

Rajah S4[a] menunjukkan sebuah sistem pendinginan udara yang biasa
digunakan. Tunjukkan proses-proses sistem tersebut di atas suatu
carta psikrometri. ‘

(30 markah)

A
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Rajah S4{a]

Udara luar yang dicampurkan dengan udara dalam bangunan
digunakan dalam suatu sistem pendinginan udara yang dikendalikan
pada tekanan 101 kPa. Kadar alir udara luar adalah 2 kg/s dan
keadaannya adalah 35°C DBT dan 25°C WBT. Kadar alir udara dalam .
bangunan adalah 3 kg/s pada suhu 24°C dan 50 peratus tepuan
(saturation). Tentukan

[i] entalpi campuran tersebut
[ii} nisbah kelembapan campuran tersebut

[iii] DBT campuran tersebut dikira menggunakan properti dari [i]
dan [ii]

[iv] DBT campuran yang dikira dari purata berpemberat (weighted
average) kedua-dua aliran.

(70 markah)

Terbitkan persamaan peratusan ketepuan menggunakan ungkapan-
ungkapan kelembapan relatif, tekanan keseluruhan dan tekanan tepu.

(30 markah)

Sebuah restoran yang mengisi 100 orang pada keadaan paling sibuk
mempunyai pintu berputar (revolving door) 72 in. Kipas ekzos
mengeluarkan 500 cfm udara dari ruang restoran. Kawasan yang
didinginkan berukuran 50 x 30 x 20 kaki dengan satu dari dindingnya
terdedah.

.5/
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Keadaan rekabentuk : Di dalam 78°F, 50% RH

Di luar 90°F (DB), 70°F (WB)
Kirakan
[ij beban disebabkan pengudaraan (ventilation)
{iill  beban disebabkan infiltrasi
[iii]  jumlah beban disebabkan udara luar
[iv] beban disebabkan penghuni

(70 markah)

Terangkan faktor-faktor yang perlu dipertimbangkan bagi
merekabentuk sistem pendinginan udara sebuah bangunan.

(30 markah)
Rajah S6[b] menunjukkan sebuah bangunan pejabat yang perlu
dipasangkan pendingin hawa. Kirakan bilangan pendingin udara jenis
tingkap (window type) 2 ton yang diperlukan bagi bangunan tersebut.

Keadaan rekabentuk:

Keadaan luar : 90°F (DBT) 80°F (WBT)

Keadaan dalam: 78°F (DBT) 45% RH

Tingkap : 'single strength glass having indoor shading with
dark colour (roller shade, fully drawn)'

Dinding : '12 in. hollow concrete wall without interior
finish and external facing'

Beban letrik 15 bulp lampu 100 W setiap satu dan 10 lampu

fluorescent 40 W setiap satu
Bilangan penghuni: 15
(70 markah)
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-6-
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Rajah S6[b]

[a] Takrifkan ungkapan-ungkapan berikut:

fi] resapan (diffussion),

[1i] kebezaan suhu (temperature differential),

[iii]  induksi, iringan (entrainment),

[iv]  jejari sebaran resapan (radius of diffusion spread) dan

[v] kriteria bunyi bersabit sistem pengagihan udara.

(20 markah)

{b] Apakah jenis bahan cemar yang perlu disingkirkan oleh alat pembersih

udara (air cleaning device)? Terangkan jenis-jenis alat pembersih
udara.

(20 markah)
[c] Ruang makan sebuah restoran berukuran 60 kaki x 80 kaki dan
memerlukan keupayaan pendinginan 15 ton. Tentukan bilangan dan
saiz peresap siling (ceiling diffuser) yang diperlukan jika siling bilik
itu setinggi 12 kaki dan perbezaan suhu adalah 22°F.

(60 markah)

00000000
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LAMPIRAN 1
ALISIS BEBAN PENY. AN U
(ANALYSIS OF THE AIR CONDITIONING LOAD)
1 Btu/hr = 0.293 W
= 2.93 x 1074 kW
=7 x 10”2 kcal/sec
(1/12]
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TABLE 8-1 Recommended Inside Design Conditions,® Summer and Winter—Present Practice and Possible Future Trends

Summer Wanter
Present Fuiure Trewds Future Trends
Praciwce { Evargy-Dictad)} Present Pracuce { Enevgy-Diciated)
Dry Rel Dry Rel Temp. Ory Rel Temp. Dry = Temp.
Budb, Hum., Buib, Hum., Sunng, ¢ Bulb. Hum., Swing, Buib, Swnng. 1
Type of Applicanon o % oF % °F or % o o g
General comlon
Apartment, house, hotel, office,
hospisal, school, etc. 7880 50 80-82 50 2w 4 72-74 4030 -S04 . 68-70 ~4
Retail shops (short-term customer
occupancy)
Bank, barber or beauty shop,
department store, supermarket,
etc. 78 50 78-80 50 2tw0 4 70-72 40-30% -3 10 ~4 68-70 —d
Low sensible-hest.{actor (SHP)

applications (high latent load)
Auditorium, church, bar,
restaurant, Xitchen, etc. 78 60=50 78-80 6050 Yw?2 70-72 40-35 -2 t0 =) 5870 -4
Factory comiornt
Assembly arens.

machining rooms, etc. 78-80 65050 80-85 6050 2w4 6872 35-30 -3 10 ~5 6668 -4

* The rcom design dry-buib P shouid be reduced when hot, radisnt panels are adj to the pant and i d whent cold panels are adjscent, 10 compensaie
for the increase or decrease in radiant hest exchaage from the body. A hot or cold panel may be unshaded glass or gisss block windows (hot in summer, cold in winter)

and thin partitions with hot or Cold spaces adjscent. An unhented siab Roor on the ground or wails below the ground ievel are cold paneis durng the winter and frequently
during the summer aiso. Hot 1anks, furnaces. or machines are hot panels.

t Temperature swing is above the thermostat setting 3t peak summer load conditions,

1 Temperniure swing is below the thermostar sewting at peak wimer load conditiona (no lights, people. or solar heat guin).
§ Winter humidification in rewail clothing shops s ded 10 raaimain the quality
Sewrces: Carrier Air Conditioning Co., Hendbesk of Awr C

of goods.
g Sysum Dayn, McGraw-Hill Book Company, New York, 1986: and current federat, siste, and local standardy.

TABLE 8.3 Suggested Quuside Design Conditions for Selected Localities throughout the Worid

Winter, Summer Winger, Summer
Wet Dry Wet
BDuz. BD..Z Bulb, s?.?b. Bulb, . Bulb,
Place °C °C °c Place °C °C °*C
Athens, Greece 31 34 22 | Panama City, Panama 22 33 27
Bogota, Columbia 7 21 16 | Paris, France -6 30 20
Bombay, India 18 34 28 | Rio de Janeiro. Brazil 14 33 26
Buenos Aires, Argentina 0 32 24 Rivadh, Saudia Arabia 3 42 25
Cairo. Egypt 7 38 24 | Rome, lualy il 33 23
Capetown, South Africa 4 32 22 Shanghai, China 5 32 28
Caracas, Venezuela 11 28 21 | Singupore 22 33 27
Ruaia Lumpur, Malaysia 21 34 28 Stockhojm, Sweden —-15 24 17
London, England -4 27 19 Sydney, Australia 4 29 23
Madrid, Spain -4 33 21 | Tel Aviv, Israel 4 34 28
Manila, Philippines 20 33 27 | Tokyo, Japan -3 32 27
Melbouzae, Ausuralia 2 3s 21 Vienna, Austria -14 30 21
Mexico City, Mexico 2 27 16
ASHRAE Hendbeok. 1977 Fundsmensals.
(3/12]




[EMK 404]

TABLE 84 Comductiviies X, Conductamcss £, and R, Aol C Buildiny Maserials [Unies of X,
Bew/(heBOUF® fin.); Units of C, Bra/(hexfe)F*) for Thickness Stated. Not per inch Thick: Unita of R,
(MY F®)/ Bruj
C G Retsiomy
Materal Description K (o R
Building boards Gvpsum board. 1.41 o
0.5 in. 2.22 Q.48
0.525 in, 1.78 0.56
Plywood: 0.81
0.5 in. 1.60 0.62
0.75 in. 1.07 Q.93
Wood:
Fir or pine sheathing, 234, in. 1.02 0.98
Floonng matenais - Asphait tile, vinvl tile 20.0 0.08
Carpet with fiber pad 048 .08
Ceramic ule, | in. 12.5 0.08
Cork nle 0.45
Linoieum. 4 in. {20 0.083
Plvwood subfloor, 0.75 in. 1,07 0.98
Terrazzo. 1 in. 12,5 . 0.08
Wood. hardwood. % in. 1.47 0.68
Glass 5.3
Insuiaung materiais:
Blanket and baut Mineral wool, fibergiass 0.23-0.27
1.5 in. 0.09¢ 1
6 in. 0.045 2
8=10 in. 0.033 30
Board Cork 0.34
Polvurethane 0.16
Wood or cane fiber 0.35
Poivstvrene 0.20
Acoustical tile:
0.5 in. 0.80 1.25
0.75 in. 0.53 1.9
Intenor fimish boards: 0.35
0.5 in, 0.70 1.43
Loose fill Mineral wool 0.27
T din. 11
6 in. 20
10 in. 28
Wood puip .30
Masonrv macerials Cement morar 5.0
Stucco 5.0 6.6 for % in. 0.15
thick
Masonry units Brick. common, lows-densuy 5.0
Brick, high-density (face brick) 2.0
Concrete blocks: .
h Sand and gravel
Iggregaie:
8 in. 0.90 [RY)
12 in. 0.78 1.3
Cinder aggregate:
8 in. 0.58 7
12 in. 0.53 19
Stone 2.5
Plastering materials Gypsum plaster. sand aggrevate 5.6
Gypsum lath (“buston board.” 0.5 in.)
and pk . pl hich 0.625 in. 1.52 0.66
Metai lath and plaster,
piaster thickness 0.75 in, 2,13 0.47
g— Ja Rensianee
Maitenal Damnpnon K [ R
I“""‘! materials Asphalt roil roofing. 70 Ib 6.50 0.15
Asphaic shingies. 70 Ib 2.27 0.44
Buili.up roofing, 0.375 in. 3.00 0.33
Slate, 0.5 in. 20.00 0.05
Wood shingles, cedar 1.06 0.94
oding materials Shingies. wood, 16 in, 7.5 in. '
’ 10 the weather 1.15 0.87
Siding, redwood. or cedar. lap, average 1.20 0.83
Board and batt, cedar, | in. Q.95 N 1.05
Alumnum, applied on 0.375 insulaung
board 0.55 1.82
weods Mapie, oak, and similar hardwoods 1.20
_Fir. pine. and similar sofiwoods 0.84 .
Pivwood, 0.625 in. 1.29 .77
Califorma redwood 0.74
aman So0ey of Hesung, Refngersung. and Arr Cond % Eny ASMRAE H 1977 ¢ ana naustry
w—rres.
{a/12]
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ABLE 8-5 Coefficients of Heat Transmission U of Selected Frame Walls fin Beu/(hr)(fe2)F°) Difference between
@e Air on the Two Sides, Efect of Studding Negiected; Effect of Air Films Included]

qu——

Type of Exienior Sheathing and Wall Insulation

Plywood 0.5 m. and Buiid-
ing Paper Insulating Board 2% in.
3.5 in 3.5 in. In-
Insulation sulanion
Duagram of Wall and No (R-11) m No (R-11}m
Extenor Finish {nterior Finish Insulation air space Insulation arr space
Wood sidin Gypsum board (dry wall) 0.25 0.069 0.20 0.062
Wooo SIGINE Axr space Gypsum lath and plaster 0.24 0.067 0.19 0.06
Sheatning .3 m. Metal lath and plaster 0.28 0.075 0.24 0.07
Plywood or wood paneling,
0.5 in. 0.35 0.082 0.26 0.075
Insul. board 0.5 in. 0.22 0.064 0.16 0.057
" T ™M
or “orywall®) 5 Studs
Plaster base
Also applicable to:
Wood shingles
7-in. exposure
Board and baut siding
% in. thick
Sweco Gypsum board (drvwail) 0.32 0.072 0.22 0.071
stucco A soace Gypsum lath and plaster 0.30 0.070 0.21 0.067
Sheathin \\ 3-§ n. Metai lath and plaster 0.36 0.080 Q.23 0.078
8 St Pivwood or wood paneiing,
: 0.5 in. 038 0.083 0.22 0.076
Or " - ; .
drvwau.) } Studs
Plaster base
Brick veneer Gypsum board. (drywall) 0.30 0071 o2l 0.068
Sheathing Brick Gypsum lath and plaster 0.28 0.070 0.20 0.065
Ar space ¥ Metal lath and plaster 0.34 0.078 0.22 0.072
15m. Plywood or wood paneling,
0.5 in. 0.34 0.083 0.24 0.07
- Wood lath and plaster 033 0.083 0.21 0.07
»
Drdrywair)

Studs

o Plaster base

Sawen: ASHRAE Handbook, 1977 Fundameniali, and manufacturers’ data.

Lights

For incandescent lamps the value 3.4 Beu/ (hr) (W)
of installed lamps should be used.

(5/12]
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TABLE 8.6 Coefficients of Heat Transmission U of Masonry Walls {in Bu/(hr)(ft*)(F°) Difference between the
on the Two Sides; Effects of Air Films Included]

[EMK 404]

Air

Interor Fimsh and Insulavon (If indicated ) v
Gypsum Drywgy'
omlx3 Fu",‘,'
Metal Lath Gypsum Lath Stnps with 0.73‘
Diagram of Thickness of Plain Wall, No and Plaster, and Plaster, Rigid Boarg
Wall and Type of Masonry Masonry, in. intenor Finish Furred Furred Insulation
Solid brick 8 0.50 0.32 0.30 015
12 0.35 0.25 0.24 0.14
16 0.28 0.2} 0.20 0.13
8 0.70 0.59 0.36 0.186
12 0.57 0.35 0.33 0.15
16 0.49 0.32 0.30 0.14
6 0.79 0.42 0.39 0.16
8 0.70 0.39 0.36 0.15
12 0.58 0.35 0.33 0.14
Hollow concrete blocks Sand and Gravel Aggregaie
(no exierior facing) 8 0.56 0.34 0.32 0.1
12 0.50 0.32 0.30 0.13
(with 4-in. face brick 8 0.33 0.26 0.24 0.13
exterior or stone facing) 12 0.31 0.24 0.23 0.12
m——
ASHRAE Handbook, 1977 Fund 4. and manufacturers’ data. .
(6/12]
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ABLE 8.7 Coefficients of Heat Transmission U of Frame Partitions and lnnenor Walls {in Btu/(hr){ fe*)(F*) Difference
petween the Air on the Two Sides]

m‘nm of Wall

Double Partition
( Fimsh Both Sides)
| 7.5 . Blanket
j Insulanon
Ne insulation betwern Studs
between Studs (R-11)
Type Twpe of interior finish '
Gypsum lath and piaster , 0.27 0.082
Metal lath and plaster : 0.31 0.095
Plywood or wood paneling (% in.) 0.33 0.105
Gypsum board (drywall), decorated 0.29 0.085
Souree: ASHRAE Handbook. 1977 Fundamerals, and manufacturers’ data.
TABLE 8-8 Coefficients of Heat Transmission U of Frame Construction Ceilings and Floors [in Beu/(hr)(£3)%(F*®)
Difference between the Air on the Two Sides)]
Type of Ceiling or Floor
Fiooring
-,_on subtioor
Suptioor
Joists 6~in mineral wool 8-10 in.
S No blanket between Bloun mineral
Cetling insulation Jousts (R-19) wool (R-30)
Calings (unheated attic space above}
Plaster on gypsum board, on wood joists 0.63 = 0.055 0.045
Plaster on metal lath on wood joists 0.74 0.057 0.05
Gypsum board (drvwall) decorated 0.75 0.057 0.05
Floors (over crawl space or basement)
Hardwood on ?344-in. subfloor on wood joists : 0.37
Carpet on fiber pad on %-in. pivwood subfioor on
wood joists 0.2¢
| Linoleum or asphalt tile on l-in. piywood subficor on
| wood joists 0.57
} Floorceiling combinations Type of Floor
| _ 3
\ ~ = 8 =
| £ £2 £
: e § T § == s £y
Sw 2§ N .- R
- s L8 ss 8¢ ¢
' e 3 - =S g
: 5 v S E%a S~ g 3
| 2 E s <3 33
| S a 7 L E
 m—— -R S S ~= 3
- Type of ceiling
| ter on gypsum board on wood joists ©0.22 0.17 0.28
ter on metal lath on wood joists 0.25 0.20 0.26
YPsum (drvwail) 0.23 v 0.19 0.25
ster on metal lath on furring strips 0.33
HRAL Hamdbook, 1977 F ana facturers' data.
[7/12]
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TABLES9 Coeficiants of Heat Transmission U of Typical Flat Roofs Covered with Built-up Roofing fin Buu/ (e} fy

"oy

insulatson on Top of Decy -

, : Thickness ‘C""‘}'i:im'"z‘ Bl
Type of Roof Deck of Roof Type of Swipended a1
(Caiing Not Shoun) Deck, . Ceiling ) Nome 1 X
Flat metai roof deck None 0.67 0.23 o
Roofing Gypsum bd. and
plaster (%4 in.) 0.32 0.17 oy
Acoustical dle (% in.) .23 0.14 o
[ \
Insuiation  Metal geck
Concrete siab (light-weignt aggregace) 2 None 0.30 0.18 0.4y
Gypsum bd. and
Rooting plaster (4 in.) 0.18 0.12 0.0
Acoustical tie (% in.) a.15 0.11 0.08
i 4 None 0.24 0.11 0.0
/ \ Gypsum bd. and
insulation Concrete plaster (4 in.) 0.13 0.10 00
Acousucal tile (34 in.) 0.12 0.09 om
Wood, on 2 x 8 joists { None 0.40 0.19 T)E
Gypsum bd..and
: piaster (%3 in.) 0.24 0.15 0.1
Roohne~\ Acousuaal tile (% inJ) 0.19 0.13 0w
2x8m. @ 2 Nene 0.28 0.16 o
joists Hetl o Gvpsum bd. and
Insuiation  Sheatrung plaster (% in.i 0.19 0.13 0.1
Acousucal tile (% in.) 0.16 o.n 0.0
ASHRAE llandoses. 1977 F 4. ana manuGcwrers Gaa.

TABLE 8-11 Effect of Various Shading Conditions on
Soiar-Radiation Heat Gain {Muiltipiy the SCs by Soiar-
Heat-Gain Factors from Table 15 )

Shade
Coeffictents
Type of Shading Dewice {SC)
Canvas awning 0.25
Inside veneuan blinds, set at 45°,
light color 0.55
Inside venetian blinds. set at 45°, :
dark color 0.64
Rolier shades, fully drawn, light coior 0.25
Rolier shades. fully drawn, dark color 0.59
Single glass: regular sheet 1.00
Y4 -in. plate giass 0.95
Ya-in. plate glass 091
Ye-in. plate glass 0.88
Roof overhang or marquee, fuil shading 0.25
Windows shaded by normal setback from
external building surface 0.90
Quuside shading screen 0.30
Wood sash (85% gross area
equals net giass area) 0.85

ASHRAE handboois and manuiacturers’ data.

TABLE 8-12 Coeflicients of Heat Transmission U of-
Verucal Windows (Exterior)

L. B per
(hr)( IN(F®)
No
Indoor Indoor
Type of Class Shade Shade
Singic-sirength giass 1.04 0.81
Doubie-strength (singie-pane) glass Q.85 0.70
Extra-heavy plate glass 0.78 0.55
Double glass. insuiating, '%-in. air
space 0.61 0.54
Tripie glass, insulaung, Yi-in. air )
spaces 0.44 0.40
Storm windows, | (o 4 in. air space 0.50 0.48
ASHRAE handb and i ers’ data.

TABLE 8-13 Caiculation of Ouiside-Air Infiltratione
Air-Change Method

H =room heignt L =length
Wa width G = wall factor

Room with:
One outside wajl, G = |
Two outside walls, G = 1.5
Three outside walls. G =2

-WXHXLXG

cfm 50

»L For rooms with good weatherstripping on windows and doors,
3" use 50 percent of the vaiue calcuiated.

.g' For ¢ cral blish where doors are opened fre-
?rqmndv. add 100 fi* per person per passage for each 36sin.
. wanging door.

i% Vestibulese=reduce by 25 percent. revoiving doors bv 75 per-
fo fERL

A Revid hree-quarters air change per hour.

hvr Repninied by permission of the Air Conditioning and Refrig-
'_:_lnon instute. Arlingion, Va.

-

Infiltration

He = cim X 1.08 X (&b = &)
(sensible heat gain from outside air)

H, = cfm X 0.68 X (I, = U%)

{latent heat gain from outside air)

. ' (8/12]
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TABLE 8-14 Infiltration through Cracks (Cubic Feet per Minute per Lineal Foot of Crack)

Wing Veloouy, mi/hr

A — T ———————

Type of Wendow or Door Remarks s 10 30
Double-hung wood sash  Average window in wood frame. non-weathersinpped  0.12 0.65 173
Same, weathersinpped 007 040 1.05

Poorly fitted window in wood frame,

non-weatherstripped 045 1.85 420
Same, weatherstnpped 0.10 1.57 1.53
Sieel sash, rolled section  Architectural, projected 0.25 108 230
Industrial, pivoted 0.87 2.90 6.20
Residential casement 0.28 087 210
Heavv casement section, projected 0.13 0.63 1.53
Hollow metal, vertically prvoted 0.50 240 4.00
Ordinary wood or Well fitted. non-weatherstripped 0.90 1.80 4.20
mewl door Same, weathersiripped 045 090 2.0
Poorly fitted, non-weatherstripped 0.90 3.70 840
Same, weathersinpped 045 1.85 420

Glass door Good insallauon 3.20 9.60 19.0

Factory door Yg-in. crack 320 9.60 19.0
Metal-sash windows Aluminum. double-hung or sliding. weatherswipped 0.10 0.58 1.27

Absiracted from Carmer Air Conditi
New York. 1966.

dbsok of Arr Cond g System Desygn, McGraw-Hill Book Company.

TABLE 8-15 Infiltration Due to Door Openings

Cfm per Person entering Room per Door
36-in. Sunnying Door

72-in.
Revolving No With
Application Door Vestibule Vestibule

Bank 6.5 8.0 6.0
Barber shop : 1.0 3.0 3.8
Candy and ice cream 5.5 7.0 5.3
Cigar store 20.0 30.0 22.5
Department store (smail) 6.5 8.0 6.0
Dress shop 2.0 2.5 1.9
Drug store 5.5 7.0 5.3
Hospital room 3.5 2.6
Lunch room 4.0 5.0 3.8
Men's shop 2.7 3.7 2.8
Restaurant 2.0 2.5 1.9
Shore store 2.7 3.5 2.6

Abstracted from Camer Air Conditioning Co.. Handbook of Aw Condisaming Sysiem Dengm, McGrawe
Hill Book Company, New York. 1966.

TABLE 8-16 Rates of Heat Gain from Occupants of Conditioned Spaces: Based on 78°F Room DB Temperature

Tolal ~
Heat Total

Adulis, Heat, Sensible Laing

Male, Adrusied. Heat, Hoy

Degree of Actraty Typical Apphcaon Btu/hr Btus/hr Btu/hr Busy,

Seated, at rest Theater 400 350 210 ™

Seated, very light work Offices, hotels, 480 420 230 198
apanuments

Moderately active ofiice work Offices. hotels, 640 510 55 o5
aparunents

Suanding, light work or Depanment store. 800 640 s m
walking siowly retail store,
dime store

Light bench work Factory 880 780 345 sy

Moderate dancing Dance hall 1360 1280 405 8

Walking 3 mi/hr or Faaiory 1040 1000 350 ()

moderate work
Bowling Bowiing allev 1200 960 345 618
Heavy work, vigorous sports Factory, gymnassum 2000 1800 635 1168

Neotes:

' Adjusted total hest gain is based on normal p
the yain from an adult femaie 15 85 percent of that for an 3

male.
7 Adjusied toial heat value for sed

v work. ¢ dud

of men,

and 30 Btu istem).

and children for the application histed with the postulare te

60 Buwvhr for food per

Source: ASHRAE, Cacisng and Hesung Load Caleuiation Mawual New York, 1979.

i, 151

duai 130 Bw

ink,

duk male, and that the gain trom a chiid 1s 75 percent of that for an ag
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’ -
'.l.”[j 8-17 Recommended Rate of Heat Gain from Selected Cooking Appliances Located in the Air-Conditioned
_
- Recommended Rate of Heat Gain,
% Btu/hr
> ) With
. _ Overall Withaut Hood Hood
& Dimensions, in.
) . (Width X Depth Miscellaneous Al
! Appliance Capaaity X Height) Data Rated Watts Sensible Lawmi  Toial  Sensible
a—
GAS-BURNING.,
COUNTER TYPE
* Coffee brewer With warm 1750 750 2500 500
per bumer position
Coffee umn 5 gal 14-in dia. 5250 2350 7500 1500
Deep fat fryer 15 b fat 14X21 X 15 . 7500 7500 15000 3000
Dry food warmer
per fi2 of top 560 140 700 140
. Griddle, frying
per fi? of top 4900 2600 7500 1500
Short order stove
per burner Open grates 3200 1800 5000 1000
ELECTRIC,
COUNTER TYPE
Coffee brewer .
per burner 625 770 230 1000 340
Coffee um,
electric 5 gal 3000 3850 1250 5100 1600
Hotpiate 18xX20x 13 2 heaung unius 5200 5300 3600 8900 2800
Toaster,
continuous 720 slices/hr 20X 15X 28 4 slices wide 3000 2700 2400 5100 1600
ASHRAE Cooling and Heaung Load Calculation Manual, New York, 1979.
TABLE 8-18 Rate of Hesat Gain from Miscellansous Appliances
Manujacturer's Recommended Raie of
Miscella Ratng Heat Gawmn, Btu/hr
Appliance Data w Biushr Sensible Lateni Total
Electrical Appliances
Hair drier Blower 1580 5400 2.300 400 2,700
type
Hair drier Helmet 705 2,400 1.870 330 2.200
type
Sterilizer, instrument 1100 3,750 650 ~ 1200 1.850
Large copying machine Operating 12,000 12,000 ] 12,000
Standby 6.000 6.000 0 6.000
Gas-burning Apphiances
Lab burners, Bunsen Ke-in. 3,000 1.680 420 2,100
barrel

ASHRAE Cooling and Heaung Load Calculation Mawual, New York, 1979,

f10/12]
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.
TABLE 15-=SOLAR HEAT GAIN THRU ORDINARY GLASS
;OO Btu/(hr) (sg ft sash crea) OO
——
0" NORTH LATITUDE | AM SUN TIME P | o* SOUTH LATITUDE
TimeaiYoar| Boewre | 5| 71 a9 [0l 1iNeen| t 1 2 13 [ 41 5 s | oewm | Timeoi Yo
s
| Narth ol 4si w3l 741 784 sol_gzl eal 78} 74| e8] 45| © ‘ South
| Neortheast o] 1191 156 | 154 | 133 ?Si 33 l 21 14f 13 1 6| 0 Sauinsast
\ East Ty e S A Y S Y S N b 11 Abon ol Sast |
| Sautnaast 10 37, 421 2T} (5§ i4f 14 14 4y 13} Ui oy G Norneast
JUNE 2! t Seuth l 0 \ «';I 1., l]‘ M‘ 14 Ml |41 u‘ 13}t 5‘ 0 ‘ Nertn DEC 2
Sourivwest L) 00t 11 14 14 14 id 1€ M 27t 1Y n Norrhwet?
| Wast Q a B 13 14 14 i% | 43| 93 (135 1 14T 1 tta | O | Wesr
Northwaest ‘ 0 l b‘ ity 13 14 200 83 ‘ 95 \ 133 | 154 |§§| 19 l 0 ' Southwest l
Horzontel - 0 28! 87 1147 1911217 26 1217 1493 11471 87 28 1 O Hurrzontal
Naeth , Q k 171 84 | &\ ‘ 651 o8| &7 ‘ bb | a3 | 61 S« 17 ‘ Q Saurh
Nortiwast 0! 1181 183 {150 (124 88| 43 | 1b l 144 13 ] 1 \ 6] 0 Sautheast
JUuLY 22 a7 n !l agrigzg iive ) eal sl et el rad g3l ) Ll on Zasr JAN 2}
Journeast 1 0 46| 52 b1 18 14 [ 14 14 { 11 Pl o1 O Noryneast
& - Sauth | o 5‘ I 13) 141 14 |41 u.} 4 13‘ i 'ai 0 i Norrh ‘ &
Sourhwest -0 N1 sad el rel tal ogel gl ypl o3 as | QO 1 MNortrwest
MAY 21 st { 0 o It T3 | 14| 141 e 43| 9613911521121 ¢+ C Y¥ et NQY 2
1 Neortirwest ' 0 61 B i 13 141 18l 43 86‘!24‘150% 1S3 1 18 ‘ o l Sournwest }
erttantai a 704 9y tis1 {1951 323t 223 lym lyesiigit et l 79! 9 Horeantal )
i Nerrr o} ‘ 171 28§ 331 341 34| Y4y 3¢ 3 28 1710 | Seurn
| Normasst ‘ 0 | 1101 148 \ 133 t1o2} s 24‘ ul 14 u‘ :21 al ¢ 1 Soutneest ‘
AUG 24 | Sagr La | 170 1 a3 tian tioa ] anl te ] sel iel 03 7 PR Zast - i
j Jeurnesst i Sy ei: 7 33 ( 131 i3] te | te .y y&i i) 127 o' @ ; Ieortnesst 1
& | Sourn PO el xz\ :'.-1 4] 1l 141 1e) 14 ljl 12 o i 0 ( North i i
| Sournwer Do oozl 3t e el valiebonsiosel tel a7 ) 2 N orrrwast
APR 20 | Wwaest ] Ty 127 13| 14t 14f 1k | 40 1103|146 i3 | 29 | v l Y7 est I ccr 2
| Nerrnwasr 10 \ of 12 13| 14l 14 z:.-} ai }m l 133 | 141} no\ ] Seuthwesr |
Merizontsi to 31! o7 1150 loog | 2,4} 48 {232 1206 1180 ( a7 i 31 | ¢ ! woronral
| North | 0 a1 121 13| t4| tef 14| 14 14f 13] 321 ey @i Seurn g
| Norrneast P e ‘ o5 118 1101 | &81 21| 14 ‘ M* 41013 12l 8 ] 0 | Soutneast
SEPT 22 ' Zasr R Sy v UL L AN S ALY ST SLY S LA SO oL SN Sasy MAR 22
Journeast 1 0 %5 118 }101 { 681 K| 14y te ) 14| 13| 121 ey O ; Northeas 1
4 l Sourn z ) ‘ sl 12 ] 120 4l 4y s u} 14 13§ 21 ai ® l Norrh i 3
Saurnwest oo sd 170 g3 ) val ai e 3t osp Loy 1181 oS ! 2 | Norenwest !
MAR 2 [ wesr TS sy G2 5 141 T4t iy 47 | 107 | ISU [ IAT1 134 10 ves SEFT 22
{ Narenwerr 10 l el 12 (2] 14l ai_et 3l oeaitotrIB] o810 \ Southwest
4 ortzontai Poa 12l 00 1 163 12101 2401 330 1240 1210 1 163 li0g ¢ 121 0 | orrontal
Norrn ) ol 12] i34 t4] 140 44 14y 144 13} 924 oy O Sawih
\ Nortnueast o ‘ 571 79} 5| 35| 18] u.\ 14 el 13 2 6‘ 0 ‘ Southeast
ocT Zasr boa § o170 1e3 lran f103l et el e d tad Al 120 &0 0 Sast APR 20
Sourneast G ) 110 14t | 133 [102) al} z4 | 1) te ) 1371 42 6 O | MNorthessr
& Seuth | o \ (7 zs‘ 1| 13 el :4‘ 34\ | 31) 8y 70 | Narth H
Southwest op b ot b e b at el 9a b oAt trggti3y tyar t 310 C Narrhwest i
FEB 20 West 3 o1 2] 131 14f 14l 14| 46 [103 (448} 163129 ¢ O West AUG 14
Naorthwest ‘ 0 s s‘ 12‘ 131 14f 14 54‘ 15 zs‘ 55‘ 791 &7 ‘ 0 l Seurnwest
Heorrzantal 0 11t 97 1150 | 208 2341 245 123< 1206 11504 97! 31 Q | Morreonral
Norm o a| HL§ 13| 4] 14 & | e et 134 U o | 0 Sourn
l Northeast q 0 ‘ &6‘ 52 ‘ b1 18 t4 i4 ‘ 14 l“ 13 ‘ 1t 61 0 Southeast S
NOY 121 Zast o iz ligy tiyel oal eyl et el val 3 il s 10 1 Zast MAY 21
. SouTReaTY G 118|153 [1S01124] Bb| 43 | lo} 1) 3} 11 2| 0 Normeast
& Seuth l 0 x 37‘ 54‘ 61 | &8 a6l &7 \ b6 esl sl | S4{ 37 1.0 l North &
Southwest 0 o ol va b val vel 43l gelizaiisoiiszlrie i 0 | Northwest
JAN 21 W ust 3 T e 4| 14| 431 961137 )1621 121 ] C Ve ast JuLy 23
Northwest 1 ¢} ‘ ay 1t 1 13 ] 14} 14 u‘ 14 IB‘ 36‘ 52 4} 0 Seuthwest
Horrtonrsl o) 791 o1 |51 11951 233] 233 1223 1198 1181 1 911 29 0 Herirontal
Nartn 0§ 6§ it T34 144 4 141 141 14l 3] W sl 0 Saurn
‘ Northeast \ 0 ‘ 37 42\ 271 15| 14 e} 14| 14 13 u‘ a‘ 0 Seuthsest
i Bast o | 11el 147 11281 O3] 43 14 1 1al nal 13 1t 1 0 Eatt )
Journeast G | 1191 186 154 | 132y 95 3 3 20| tet 13§ Wt e { O Norrnsast
DEC 22 l Seuth ‘ o l 457 a5 | 74| 78] 80{__EZ2 ]| 80! 78, 74! _if 451 0 \ Nerth JUNE 21
S outhwest 0 sl v 131 4ad 20 1 9t 133 1184 {14 1195 © Neorthweort
st [} o it [B] et 14l I+ 1 43| 93 | 135|147 ile | D Wese
Nortwwart o} ‘ 8] 1 131 144 14 Ml 141 151 27| 42 17‘ 0 Seuthwest
Hormenral o | 23t s7 {v47 {1ev{217] 2o 12T 191 147} 87 281 O Hernentel
, Steei Sasn, or X Dowomsnt Sautn Lat.
§..“" San P:.o Sesn Haze Alfituae Cecruase Frem 47 F | Ingrosse Fram &7 F Dec. or Jan.
erveEnan | x (/.85 ar (.17 —-15% [Maz) | +0.7%, per 1000 - 7%, per I0F - 7% por 10F = 7%
Sold Face Yeiues == Monthiv Masimums Based Vaives ~= Yesny memmums
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TABLE 28.~TRANSMISSION COEFFICIENT U~PITCHED RQOFS5*
FOR HEAT FLOW DCOWN==SUMMER. FOR HEAT FLOW UP =WINTER (Sew Equatian at Battem of Page)
8tu/(hr) (sq it projected area) (deg F remp giff)
* Al s in por ingi ight per 1q ft. Torat weigint Der sq ft is sum af comoonent marenals
) PITCHED ROQFS CERILING
- SHEATWNG } %" Gypsum ! e A { Tile
:xrtl\oﬂ e Maetai ar Bawrd Pizin or on Furring
SURF . - Larh Weed Larh AC Send Agg or
ey / ‘4 i % Plastered Plasterad Plasrered 3/RY Gypsum
Nene | c .
. wn" ‘ 3 e \ " E s ‘ &
Ct"-"-ﬂ Wead (n--m Sond | U wv Saad | uwr [ KT | 7 "o T
Panei | Beard) [Plasrer ! Plaster | Plosrer | Plasier | Board | Boerd | Tie | Tie
TTTMIOR SURRACE | SHEATMING @ | @ | ? E Y @ o o o o
Sldg paver on %" | Ia ) { ': '
- | pivwood (21 IR - R - + 29 29 8 22 7o 21
sningrete (21 gi4g paper o 12" b ! \ { ;
| waoa sneatning (3) 3 o2 28 027 28 0 a8 24 20 a6 1 19
Assesios=Cement Bidg paoer on A" ! " ! i | i
Shingies (3} | prvwoad {2} 59 28 I S S 4 23 033 Ar s 18 28 22
or N R )
Assnet Reill lBldq paver on * ‘-" -I i | ; ! \
Raefing (1) | waad sneathing 13} ‘ A4S . 25 29 3 28 ¢ .28 27 22 A7 a2 20
3 1 3ldg paner on 7" | H j } ; . !
e | prvwood (21 | e i 291 38 | 38 3¢ as P 23
°r | Blag paower on *¥=2” b i ! | i |
Show Mutal (T} o0y snearing (31| .48 280 29 Lo 28 .23 o= 7o . 20
| Blig paver on 5 \ | i { . ; !
117 2 4% unos (1] 83 0 28 21 'l 0 ' .20 28 1 A3 17 .24 21
Wond ! Bldqg pooer on " | . { H . i '
Shingees (21 ioweses (20 | 4 ¢z o e 2ty 28 At 8L 19
| Bidg paner on =" i | : ! ;
. wood soeatning (3} | .34 24 .2 30 220 e a5 Ve a7

1958 ASHAE Guige

Eauanens: Summer (Heot Flow Dawni Hear Gain, Biu/hr = (honzontai proecres crea, 3a i) X (U vowei X (souivaient temo diff, Tabie 201,
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LAMPIRAN 2

TABLE 18.2 Recommended NC (Noise Criteria) for Seiecrion of Diffusers
and Various Appiications

Recommended Notse Crurna (dB Attenuauon)

Commoumcntion Typuai
NC Cuwrve Envirenment Oczugancy
" Beiow Extremeiy quiet environmen:t. Broadmsung
NC 25 suppressed speech is guite studios, concert
audibie, suttabie for acute pickup halls, music
of all sounds. Recording and rooms, church
performung studios reguire NC sancruanes
leveis beiow 20
NC 30 Very quiet office. suiabic for iarge Resiaences. the-
conferences, teiephone use atere. libranes,
sausiacrory. Leveis beiow NC 30 _ =xecutive offices
are considered “verv quiet” directors’ rooms
NC 35 Quiet ofice: saustactory for conter- Private offices.
ence at 2 15.ft woie: normai schoois. hotel
voice 1030 ft: teiephone rooms, court-
use sausiactory roorms. hospical
rooms
NC 40 Saustactory for conferences at a G- General offices,
8-ft mbie: normal voice 612 & iaps. dining
teiepnone use occasionaily rooms, ouiiding,
diffrcuit iobbies o
NC 45 Sausf@acrory for confersnces at 3 <~ Resail stores,
5-it tabie: normal voice 3-8 fx caietenas,
raised voice G=12 {2 teie- corridors,
phone use occzsionally difficuit large drafting
& engmeering
offices. noisy
recepuion areas
Above Unsaustactory for conferences of Noisy offices.
NC 50 more than two or tres persons: Stenograpnic
normal voice 1~2 £ raised voice 3= poois, prmt

6 it eiephone use often dificult
Leveis above NC 50 are considered
“noisy™

machine rooms,
process areas,
manufacruring

Sourz: Tuttie and Bailey Manuiacturing Comopany,

155

[1/2]




[EMK 404]

TABLE 18.5. Selection and Performance Data for Round Ceiling Diffusers
(a Portion of 3 Manufacrurer’s Table with NC Numbers Added) .
Suze.
Neck Neck
Area, Vel, .
Jiid Jom 700 300 900 1000 1100 1200 1300 1400 1600 18300 2000
CFM 95 110 120 135 150 163 175 190 220 245 270
5 - SP 007 009 012 0.5 0.18 0.21 0.25 029 037 047  0.58
0.13 RAD 3-5 -~ 3«5 3=3 3-6 33 3=7 47 48 5«10 6=12 T-l14
NC 18 22 25 28 31 34 36 37 41 44 46
CFM 135 155 175 195 215 235 255 275 315 353 390
6 Sp 0.07 0.09 0.1l 0.14 0.16 0.2 0.24 027 036 045 Q.56
RAD 35 3-5 35 37 =7 38 4=9 5«10 6=~12 6-l4 T-Id
NC 18 22 26 29 31 34 36 37 41 44 46
CFM 245 280 s 350, 385 420 455 490 560 630 700
8 SP 006 0.08 0.1 0.13 0.16 0.19 0.22 025 = 0.33 042  0.52
0.349 RAD 47 43 4=9 53210 3=ll = 5=I2 6=12 6«13 =13 9-i8 10=20
NC 19 23 29 30 33 35 7 39 43 46 49
CrM 380 433 490 . 345 600 655 710 765 870 980 1090
10 SP 005 007 009 0.1l 0.13 0.16  0.19 0.22 0.28 0.36 0.44
0545 RAD 5-il 6=12 6=l3 Tel4 Tel5 8«15 B=l7 8=18 1020 11-22 13-26
NC 21 25 29 32 34 37 39 41 4 48 51
N CFM 330 630 705 785 865 940 1020 1100 1260 1410 1570
12 SP 005 006 008 0.l 0.12 014 0.7 0.19 023 0.32 0.3¢
0.785 RAD 7-l4 =15 8-i6 B8~I7 9-i8 9=19 13-20 10-2l 2-25 13-27° 15-30
NC: 23 26 30 33 36 38 41 43 47 50 53
CFM 860 980 1100 1230 1350 1470 1600 720 1960 2210 2450
15 SP 004 005 006 0.08. 009 0.1t 0.13 0.15 019  0.24 0.3
1.227 RAD 8=iT 9=i8 @~19  10~21 1122 12.24 1326 13-27 15-30 17-35 18-39
NC 24 28 32 35 38 40 41 43 48 51 54
CFM 1240 1410 1590 1770 1940 2120 2300 2470 2830 31BO 3530
18 Sp 008 004 005 0.06 ¢.08 0.0 0.11 0.12 0.16 0.2 0.25
1.767 RAD 11-22 12.25 13-26 14=28 15-30 15=32 16~33 17-34 19-38 213 236
NC 26 30 32 35 38 41 43 45 49 52 54
CFM 1680 1920 2160 2400 2650 2890 3130 3370 3850 4330 4810
21 Sp 0.02  0.03 0.04 0.05 0.06 0.07 0.8 0.09 0.12 0.5 0.18
2405 RAD 12-2¢4 14-28 15-30 16-32 [7~34 18~36 19-38 2040 2244 2448 27-35
NC 27 30 34 37 40 43 45 46 50 54 57
CFM 2200 2510 2830 3140 3460 3770 4080 4400 5030 5660 = 6280
24 SP 004 006 007 009 0. 0.12 0.15 017 022 0.28 0.35
2.142 RAD 15-30 16-33 17-35 18-37 19-38 20=i0 21-42 2345 25-51 2857 31-63
NC 28 32 35 38 40 48 45 47 51 55 58
S A Pro Division, Dynamucs Corporauon of Amenca
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