
UNIVERSITT SAINS MALAYSTA

Peperiksaan Semester Pertama
Sidang Akadernik L992 /93

Oktober/Novernber Lggz

EMK 404 - Pgnveiukan dan Penyamanan Udara

Masa : [3 jam]

ARAAADI KEPADA CAL,ON:

Sila pastikan bahawa kertas peperiksaan ini mengandungi
TUJUH (7) soalan dan TUJUH (7) muka surat serta EI,IPAT BELAS
(14) larnpiran yang bercetak sebelum anda memulakan
peperiksaan ini.
Jawab LIMA (5) soalan sahaja.

Semua soalan rnestilatr dijawab dalam bahasa Malaysia.

Termasuk lampiran-lampiran :

1. . Analisis Be6an Penyarnanan Udara.

2. Jadual: rrRecommended NC (Noise Criteria)[.
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tal Teranglcan dengan ringkas pengendalian sebuah kitar
penyerapan Ammonia - Air dengan berbantukan sebuah
rajah skima

(30 rnarkah)

[b] Sebuah loji mampatan srap menggunakan R12 sebagai
bahan pendingin. Suhu tepu penyejat adalah -2OoC
dan suhu tepu peneluwap adalah 50oC. proses
narnpatan adalah isentropi. Dengan nenggrunakan
rajah P-h yang disediakan tentukan kesan
penyejukan dan pekali prestasi bagi keadaan-
keadaan berikut:

til Kitar Carnot

tiil jika wap adalah tepu kering selepas proses
rnarnpatan

tiiil jika wap adalah tepu kering sebelum proses
rnampatan

t ivl j ika wap adalah t,epu kering sebelum proses
mampatan dan LOK subsejuk selepas proses
pemeluwap.

Iv] Bincangkan perbezaan nilai kesan penyejukan
dan pekali prestasi.

(70 narkah)

2. Sebuah sistem penyejukan mampatan wap nenggunakan
susunan yang ditunjuk pada Rajah.52. Sisten tersebut

. mengandungi 2 peringkat rnampatan dengan pengantara
sejuk diantara kedua-dua peringkat. Bahan pendingin
yang digunakan adalah R12.

Wap tepu pada suhu -30oC memasuki pemanpat peringkat
pertama. Kebuk kilat dan kebuk campuran dikendalikan
pada tekanan 4 bar. Tekanan pemeluwap adalah L2 bar.
Cecair tepu memasuki injap pengembangan tekanan tinggi
pada L2 bar dan injap pengembangan tekanan rendah pada
4 bar. Kedua-dua proses mampatan adalah isentropi.
Muatan penyejukan adalah L0 ton.

L20
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Tentukan:

tal kuasa masukan pada setiap pemampat dalan kW.

tbl pekali prestasi

tcl lakarkan kitar tersebut, pada rajah P-h.

tdl terangkan kenapa sisten di atas nernpunyai pekali
pre.stasi yang lebih baik daripada sistem yang
menipunyai satu peringkat mampatan.

(1oo narkah)

|ffi". pringkat

peringkat

Rajah 52

3. tal Terangkan dengan ringkas sistem
stirn berbantukan rajah skina.
penggunaan sistem tersebut.

121 Ir,

penyejukan jet
Nyatakan 2

(30 narkah)
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tbl Kapal terbang menggunakan kitar terbuka terbalik
Brayton untuk menyejukan kabin. Di dalam unit
ini, sedikit udara dikeluarkan daripada pemampat
pada tekanan 4 bar dan suhu 28ooc dan disalurkan
nelalui penukar haba tersejuk udara (air cooled
heat exchanger) seperti Rajah s3[b].

Peoarlpat

\

U&ra jujub
(Bled air)

Rajah s3 [b]

Udara tersebut 4eninggalkan penukar haba pada
tekanan 4 bar dan suhu Sooc dan dikenbangkan
melalui sebuah turbin udara ke tekanan o.75 bar.
Kecekapan turbin udara adalah 88?. Udara
kemudiannya dihantar ke kabin pada suhu 16oC.

Tentukan kesan penyejukan per kg udara dan kuasa
yang dihasilkhn oleh turbin udara per kg udara per
saat.

(70 narkah)

tal Nyatakan jenis-jenj.s penarnpat yang digunakan di
dalam sistem penyejukan.

(10 markah)

r22
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tbl Bincangkan dengan ringkas 3 ciri bahan pendingin.

(L0 narkah)

Ic] Terangkan sebabnya mengapa bahan pendingin dipanas
ldrnpaukan sebelum proses rnampatan.

(10 narkah)

tdl Sebuah sistem mampatan s/ap dikendalikan diantara
suhu tepu 40oC dan -Looc. Darjah panas lampau
sebelum proses mampatan isentropi adalah 20K.
Terdapat 10K darjah subsejuk selepas proses
pemeluwapan. Tentukan kesan penyejukan, kerja
mampatan dan pekali prestasi bagi bahan pendingin
berikut:

til Rt2
tiil Ammonia

Bincangkan jawapan yang anda perolehi.

(70 narkah)

5. Ia] Nyatakan 5 faktor yang rnenyebabkan pertarnbahan
haba deria dan 4 faktor yang menyebabkan
pertarnbahan haba pendam.

(3o markah)

tbl Sebuah pejabat di Universiti Sains Malaysia adalah
ditunjukkan pada Rajah SsIb].

Tlagkap

Siling 10 -Li
S.il'- CiEgkap
3kakir4kahi
U

?
I

I
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Data

til

tiil

tiiil
I iv]

Ivi ]

[a] Apakah 6 proses asas di
contoh penggunaan setiap

rballastl

[vii] Peng4lihudara bagi tz orang adalah 15
kakir/min setiap orang

Iv]

yang dikumpulkan adalah seperti berikut:
keadaan terekabentuk dalaman 7goF, SOZ
kelenbapan relatif.
keadaan terekabe'ntuk luaran 93 oF (bebuli
kering) , 82"F (bebuli basah).

Bi.langan penghuni 12

Tenbok:8 inci (plain holLow concret,e wa]l
with no interior facing and no interior
finish) .

Tingkap: 'single-strength glass shaded by
light colour venetion blinds on the inside
walll

Lampuz 70 lampu fluorescent (dipasang selama
8 jam daripada pukul 8.00 pagi sehingga 4. OO
petang). Setiap lampu adalah 36W x L.2 untuk

Ia] Tentukan beban penyejukan dalam Btu/hr
dan kW menggunakan jadual dalam lanpiran
1_.

tbl Tentukan bilangan alat penyamanan udara
jenis tingkap. Setiap satu alat
mempunyai muatan penyejukan 2 ton.

6.

(70 narkah)

dalarn psikronetri? Beri
proses tersebut.

(30 narkah)

124
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tbl Aliran udara luar dicampur dengan aliran balik
udara di dalam sebuah sistem penyamanan udara.
Kadar alir udara luar adalah 2 kg/s dan keadaan
udara luar adalah 35"c bebuli kering. Kadar alir
balik udara adalah 3 kgls dan keadaannya adalah
24oe bebuli kering dan 5oZ kelenbapan relatif.
Garis nisbah bilik adalah o.72. Udara selepas
melalui gelung penyejuk adalah 9o? tepu.

Lukiskan proses tersebut di atas Carta psikronetri
(lampiran 1).

Tentukan:

t,itik embun udara
suhu selepas gelung penYejuk
kadar penyejukan
amaun bendalir terpeluwap setiap jam

(70 narkah)

Senaraikan komponen utama sebuah sistem pengagihan
udara.

( J.5 narkah)

Terangkan istilah-istilah untuk menerangkan
prestasi sebuah sistem pengagihan udara.

(L5 markah)

Terangkan jenis-jenis peranti mencuci udara.

(L5 narkah)

Sebuah restoran berukuran 50 lcaki x 80 kaki dan
memerlukan 15 ton beban penyejukan. Tentukan
bilangan penyelerak siling yang diperlukan bagi
siling L2 kaki jika perbezaan suhu diantara luar
dan dalam adalah 22"F. Rujuk lampiran 2.

(55 narkah)

oooOooo
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ANAr,rSrS PEBAN PENYAI4ANAN UDARA
(ANALYSIS OF THE AIR CONDTTIONTNG LOAD)

1 Btu/hr = 0.293 W

= 2.93 x Lo-4 kw

-7xLo-5kcal/sec

IEMK 4o4)

LAMPIRAN 1
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TABTI &l R36nnadcd tnridc Dcign Conditioro,. Smncr rnd Wior.rlP*.ot Pncticc tnd Pot.iblc Fututc Tm&

5unrc
Ftttwt Trcadt

IEn*aE -Dttt d)

Drl T.r4.
Balb, suag,t

Fv,;w Trcndt
(EnaE -DiclaLd) F6al hu,in

Aa6t
hul'cQ

Dn RcL T6P.
Bulb, Hn, 5un6:, t

,6

RcL

Hn.,
,6

RcL
Hn,
ft

Bulb,
T^p.

Suag. t
D,,
Bulb,

TtF oI App,iratioa

Gcncnl comfon
Apenmmt, hou:e, horel. officc,

hospitel, schml, ctc.
Reteil shopr (shon-rcm customer

occapency)
Benk, berber or beeury shop,

dcpertmmt storc. lupcmarlct,
dc.

lor smsible-hert.factor (SHF)
,epplications (higt hrcnt lord)

Auditorium, church, ber.
rc'rlunrnt. Litchen, etc.

Frcrory comfon
Asmbly ereas,

mrchininq r@mt, etc.

78{0 50 80{2 50 2 to 4 72-71 '10-30

78-80 50 2 ro 4 7te.72 40-50!

-S to { 6&70

-! to -,1 68-7050

78 60-50 78-40 6(L50 I to 2 7U72 4G35 -2 ro -5 68-70

78-aO 00-50 80-85 60-50 2 to 4 6U72 3F30 -3 to -5 66{E {
. Thc rom daign drt-bulb tmpcnruc should be rcduced who hor, ndienr perclr ere tdj.cFrr io the cop.nt .nd ihtraled whd (old p.ncl5 .tc rdi.Gnl' to (oopcnerc

for rhc inccerc or dccror in ndienr hor crchengc frcm rhc body. A hor or cold p.ncl n.y bc unrhedcd gles or gler blcl rindoq (hol in tunmcr, cold itr ei.l6t
end rhin peniriou virh hor or <old rprc edjemr. An uohcrred rhb fior on rhe ground or wrlb bclor rhe grud lccl trc cold penclt during rh. *inl6 .nd frcquotly
dudng rhe rummq eko. llot r.nls. fums, or mchina .tc hot proch.

t Tcnprnturc rring ir :bor thc rhmotot taring rr pc* :ummcr lod conditions.
t Tmpcnrurc rring ir bclor rhc rhmotr.r lctring l pek wiorc lod condirionr (no lightr. pcople. or iol.r hc.l 8rinl.
I Winrc hunidiierion in rcuil clorhing fiopr ir tcomodcd to minuin thc quliry tqrure of Sood!.
5m; Crnicr Air CoDdilioning Co., Hod6o& o! ln c,tdltwwg Syta Dagt M(CEp.llill 8oL Compeny, Ncr Yorl, 1966; .nd orol fd@I. trlc' .Dd 16.l ta.d.tdr'

TABLE &3 Suggcstcd Outsidc Dcdgn C.onditions for Sclcctcd Loelitics throughout the lVorld

Stlrltnna

Athens, Grccce 3l
Bogoa. Columbia 7

Bombay, lndia 18
Bucnos Aires. Argcntina 0
Cairo, Egypt 7

Capctown, South Africa 4
C,ara-s, Venezucla I t
Kula llrnpur. Mala.vsia 2l
I.ondon, England -4
Madrid, Spain
Manila, Philippines 20
Melbournc. Ausralia 2
Msico City, Mexico 2

h)
Bttlb,
oc

Panama City, Panama 22 33 27

Paris, France -6 30 20

Rio deJaneiro, Brazil 14 33 26

Rivadh. Saudia Arabia 3 49 25

Romc, lely I 33 23

Shangtrai, China 5 32 28

Singapore 22 33 27

Stoclholm, Sweden -15 24 17

Sydnev, Australia 4 29 33

Tel Aviv, lsrael 4 34 23

Tokyo.Japan -3 32 27

Vicnna. Austria -I4 30 2l

Wintt,
Dr)

Btdb,
PIut oC

Winla,
Dn

&Llb,
Plzcz eC

Swma

Dn Wct

Bulb,' Bulb,oc oc

Wcl
Brolb,
oc

t4
2l
34
32
38
32
28
34
27
33
33
33
27

99

l6
28
24
24
99

2l
2E
l9
2t
27
2l
l6

ASHflE H&oL 1977 Fn/rl;lteltab"
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TAaLE &{ Corductiritis K, Conducrnccr G ud Rsirtracel .R of Couon Buildilg Mrncrirb tunilt of Iq
Btu/(hrxfrrxFo/i&); UniB of C, Btu/(hrxftrxFo) for Thicln-r Sb.cd. No. pcr Inch Thicki Unit3 of I,
(hrXft8)(P)/ Btul

.\lataial D66ptun
Coadvuutt

K
Condutec nauoi

a

Building boerds

Flmrrng mreriels -

Glass
Insularrng marerials:

Blanket and baar

Board

Loose frll

lllasond mrerials

Itlaronn unirs

Plastering metcriels

Gypsum board,
0.5 in.
0.625 in.

Plvwod:
0.5 in.
0.75 in.

Wood:
Fir or pine sharhing, !961 in.

Asphah tile. vinvl tile
Carpet *r:h 6ber pad

Ccmmic rrlc, I in.
Cork tile
Unolom, % in.
Plwood subfloor. 0.75 in.
Tmao. I in.
Wood. herdwmd. % in.

Ilineml wml. fiberglus
3.5 in.
6 in.
E-10 in.

Cork
Polvurerhanc
l{ood or one fiber
Polvsrvrene
Acousuel tile:

0.5 in.
u./J ln.

lnterior finish boards:
0.5 in.

I{incral wool
.{ in.
6 in.

l0 in.
Wood pulp
Cemen: monar
Srucco

Bric!- common. lo*-densitv
BricL highdmsi:y (f:ce brick)
Concrere blocls:

Sud and gravel
aggreg".e:

E in.
12 in.

Cinder aggegerc:
8 in.

l9 in.
Stone
Gypsum phrter, md aggregate'
Gvpsum leth ("button bmrd." 0.5 in.)

end phster, pluter thiclncss 0.625 in.
Meul leth rnd pbter,

plasrer thickncs 0;75 in.

l.4l

0.81

0.,15

1.78

t.60
1.07

1.0?

20.0
o.4E

lo (

t2.0
r.07

12.5

0.09r
0.0{5
0.033

0.80
A BE

0.70

0.{5
0.56

0.02
0.9!

0.98
0.05
2.0r
0.08

0.08!

0.93

0.08
0.68

f,.J

0.29-0.27

0.34
0.r6
0.35
0.20

0.35

0.27

0.30
5.O
5.0

lt
9g
30

il

tt

r9t
1.9

t.{l

l.l I
t.3

ro

0.{i6

0.{7

6.6 for % in.
thick

0.90
0.78

0.58
0.53

1.52

!.r3

0.15

5.0
9.0

12.5
f.o

Llot@l D6npun
Corrdrrctrvu\

Ji
CMv,na.

c
Rautmc

n

iofng marcriels Arphuh roll roofing, 70 lb
Aspheh shingles, 70 lb
Buih-up roing, 0.375 in,
Slete. 0.5 in.
Wood shinglm. cedrr
Shrngles. wod. l6 in. 7.5 in.
' ro the weether

Siding. redvmd, or ced:r. lap, avenge
Boerd end bll ceder. I in.
Alumrnum, applicd on O.975 insuleting

b@rd
Maplc. oa\. and srmiler herdvoods
Fir, prnc. and similar soltwods
Plvwood. 0.625 rn.

Calilomre redwood

6.50

3.(x)
20.00
. r.06

l.t5
1.20
0.95

0.55

l.39

0.t5
0.44
0.r3
0.05
0.94

0.E7
0.83
|.05

r.E?

0.77

(Ifi||g maldirls

f,oodt 1.20
0.84

0.74

ilaen sarrv of Heeong. Rcfrrgentrng. .nd Arr Londtroorng EnFDcB. ,aSHRAE Handb@h, l9i7 tud,,'finL. rn.l v.nout hdutln-* 130
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-^or r B-5 Cocfrcicnts of Hcrt Tnnrrnirsion U of Sclcctcd Fnnc \f,rlls fin Bnr/(hrXftrxFo) Difctcncc bctr'r'ccn

11"fr." ,rt" Two Sides, Effcct of Studding Ncglected; Eficct of Air FilEs lndudcdl
fFP --

Type of Extaior Sluothzng atd Wall lru;tilation

Diryrtt of Wall atd
F.xt|l.'ior Fintsh Iawior Finkh

Pbund 0.5 tn. atd Bdld-
ng PaPa

J.5 tn.
Insubtian
(R-tr\ m
air sPuc

luulating Burd 2%z e
J.5 in In'

sulation
No (R-11)m

Ir|,''1abon av sryc
No

Ittsula'troll

0.25
0.24
0.28

0.35
n9t

0.069
0.067
0.075

0.082
0.064

0.26
0.16

0.062
0.06
0.0?

0.075
0.057

0.20
0.19
0.24

Gypsum board (dry wall)
Gypsum lath and plaster
Meal larh and plasrer
Plywood orwood paneling,

0.5 in.
lnsul. board 0.5 in.

i'ooa siding

ffifrttg. Arr ssace*'"ml
ot*r-f/J \,,0,

Plaster base

Also applicable to:
Wood shingles
7-in. exposure

Board and bau siding
% in. thick

Srucco

Stucco

Sheathrng

0 "drlwatl")

Alr soace
3.5 in.

Gypsum board (drvwall)
Gypsum lath and plasrer
Metal lath and plaster
Plywood or wood paneiing,

0.5 in.

0.32
0.30
0.36

0.38

0.072
0.070
0.080

0.083

0.22
0.21
0.23

0.22

0.071
0.067
0.073

0.076

Plaster base

ldck vcrrcer

-

Gypsum board (dryrvdl)
Gypsum lath and plaster
Metal lath and plaster
Plywood or wood paneling,

0.5 in.
Wood lath and plaster

0.30
0.28
0.34

0.071
0.070
0.078

0.083
0.083

0.21
0.20
0.22

0.24
0.21

0.068
0.065
0.072Shcathing

k soace
3.5 n. 0.07

0.07
0.34
0.13

o"dr),wan'.) /- r,L,
Plaster base

'a;ffi27 Fsb.,.,,k, and rnrnufrcrurer:' dara.

Lights

For incandescent lamPs the
of installed larnPs should

value 3 .4 Btu/ (hr) (W)

be used.

lsttzJ
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TAaLE &6 C.ocficicnts of Hert Tnnrmiraibn U of Mrronty Wdls tin Btu/(hrXftrXFo) Dificrencc bcnrcen thc 4i,on the Two Sides; Effccts of Air Filmr Indudcdl

lntaiar Finbh and, htstilztwtt (lf lndtaud) --

Diagram of
Itall aad Tgc of Maonry

Thitlncss of
Masonry, in.

TF;6b
Merat l-ath ctpswtt r-ath tT,;il^'ffi

Plain Wa\ No orrd, Ptarttr, and Plarw, nrytd Bui-
Inttztar Fintsh. Ftmcd Funcd ltstthh1;7t-

Solid bnck 8

L2

l6

8
tq

l6

o
8

t9

0.50 0.32 0.30 -Lr
0.35 0.25 0.24
0.28 0.2 t 0.20

0.14
0.13

0.t6
0. l5
0.14

0.16
0.15
0.14

0.70
0.57
0.49

0.79
0.70
0.58

0.39
0.35
0.32

0.42
0.39
0.35

0.36
0.33
0.3b

0.39
0.36
0.33

Poured concrete

Hollow concrete blocks
(no exterior facing)

Sand and Gravcl Agngak
8

to
u.50
0.50

0.39
0.31

0.34
0.32

0.3?
0.30

0. l4
0. l3

0.r3
0.12

(with 4-in. face brick
exterior or stone facing)

8

l2
0.26
0.24

0.24
0.23

ASHRAE Hatd,bh, 1977 Fwfunatal* and rnanufacturers' deu.
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a'gfi&;1 Cocfrcicnts of Hcet Trenrmirdon U of Frrnc Prrtitionr rnd Intcrior Wdls fin Bnr/(hr)(ftr)(F") Dificrcoce

iaacn thc Air on rhc Two Sidcsl
Jo.- -

T1';rrn of Wall

Dofih Partition
(Finish Both Sida)

I,io lttsubtiaa
bctuarr. Sbt/s

J.5 iL Blalnh.a
/rusubuan

bctucm Studs
(R-r r )

i:ype of inrcri.or 6nish

$ypsum lath ano plaster 0.27
0.31
0.33
0.29

0.082
0.095
0.105
0.085

Mcrat lath and Plaster
Plvwood or wood Paneling (% in.)

Gvpsum board (dr.wvall), decorated

@ 7 Fuadancntals, and manufacturers' daa.

TABIJ &E Coeficicnts of Hcrt Trensnission U of Frrrnc Consmrction Gcitings end Floors Jin Bu/(hrXftt)(Fo)

Difcrcnce betwcen thc Air on thc Two Sidcs]

Trpe of Ceiling or Floor

No
irzsula,aon

6-in mincral uool
blankt bclwcat

Iotsu ( R-19 t

8-10 irL
Bh:arnt mbual
unl (R-30)

Flooring

Ceiling

Ccilings (unheated attic space above)
Phster on gypsum board. on woodjoisrs
Phster on metal lath on wood joists
Gypsum board (drvwall) decorated

0.63
0.74
0.75

0.055
0.057
0.057

0.045
0.05
0.05

hoors (over crawl space or basement)
Hardwood on rr4r-in. subfioor on wood joisrs
Carpet on fiber pad on %-in. plvwood subfloor on

wood joisrs

0.37

0.24
Unoleum or asphalt tile on l-in. plywood subfloor on

wood joists 0.57

fyp of Flurtbot-ceiling combinations

3i:;isE:
s-: E
oSF
-j

!
=9-sic-5

B.i €-
5\:;+roc
'i -t

i!\E
Fg

FE8: rS
!.t ds
EE

eta<
r: €'
Ela

t$

Pl$ter on g]prrrrn board on wood joisrs
, Pleste, ot, ilitat lath on wood joists
, vypsum (drvwall)

+-rtpe of ceiling
0.22
0.25
0.23

lhrter on -.t"t i"tl, on furing strips 0.33
,rr. -qfl/E 

Hotdbooh. 1977 Fuatbmta&, and mrnufacrurers' dzta.

0.t7
0.20
0.t9

0.2E
0.26
0.25

13?
ffiil:

It ttzf
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TABLE &9 Cocficicnrr of Hert Trurnirrion U ofTlpicel Fbt Roofr C.overed vith Built-up Rooing fin Bnr/15tX n\
Differcrrce bctwecn the Air on thc Two Sidcsl

Thic*actt
ol Roof

Dccl. in.

;ri",r" - fqp F(6ned,u.th Eni/u^4rn' Roofugl, itTTpe ol Rul Dd
(C*iiing Not Sllowrl

TTpc of Sur@d
Aikng

Fbr meai roof deck
Rooirngl#/l
InsulrtDn Mrtal d.ck

None
Gypsum bd. end

pbsrer (h in.)
Arousticel dle (% in.)

0.67

0.32
0.23

nte

0.r7
0. l4

J'
0.rl
0.ll

Concrete slab (ligtrr-weight aggregare)

,":,'k_".,..

0.tl

0-09

0.q

0.Q

0"q
0.o

None
Gypsum bd. and

plaster (tf in.)
Acousdcal tile (% in.)

None
Gypsum bd. and

plasrer (tA in.)
Acousdcal tile (% in.)

0.30

0.r8
0.t5

0.24

0.13
n t9

0.r8

n It
0.t l

0.1 I

0.t0
0.09

Wood. on 2 x 8 joists

Rooiine 1,rrrn.ffi
lorsts 'la,Lz

tnsutation Shealntng

None
Gypsum bd. and

piester (tA in.)
Acousrical tile (% in.)

l..,lonc

Gypsum bd. and
plaster (tA in.)

Acousrical tile (% in.)

0.40

0.24
0.19

0.28

0.19
0.t6

0.19

u..t)
0.13

0.16

0. l3
0.t r

0.u

0.tl
0.10

0.ll

0.10

0.09

.{SJIRIE llalnd.but. l97i Fuaclrault end manuf:cruren dara.

TABIJ &ll EEecr of Vrriour ghrrling Conditionr on
Solrr-Rrdirtion Hcrr Gain {Muftipl.v thc SCs by Soirr-
Hert-Grin Fectors fron Tablc 15 )

TABTJ &l3 Celculrtion of OutsideAir lnflrretion-
lr.Cllengc Method

Canvas awning
Inside venerian blinds, ser at 45o,

lighr color
Inside venedan blinds, set at 45o,

derk coior
Rollcr shadcs, fully drawn. ligtt color
Roller shades. fullv dnwn. derk color
Single glass: regular sheet

. tA-in. plare giess

%-in. piare glass
rA-in. plarc ghss

Roof overtrang or nurrqucc, futl shading
Windows sheded by norraal serback from

cr.erml building surhce
Outside shading screen
Wood sesh (85t6 gross area

equals net glass area)

,t -room height
7=vidth

Room wirh:
One ourside wall, C: I
Two outside walls. 6 - 1.5
Thrce ou:side walls. G:2
. wxHxLxc

:, o-=-?--

I - len$h
G: wall factor

TTpc of Shading Dati..

Shad.
Coclindlls

(sc)

0.25

0.55

0.6{
0.25
0.59
1.00
0.95
0.9t
0.88
0.25

0.90
0.30

0.85

ilta:
it For rooms with god wcathersrripping on windows :nd doos,
i ua 50 percmt of rhe value alcubtcd,
lt for conncrcial cublishmac where doors :rc openc{ fre-
F+1-d* edd lfl) frr per penon pa p.sgr for ach 3&in.
- rymFng door.
il Vclibules-ctlucc by 25 perccnt, r*olving doors bv ?5 pc.
,- ccat.

i( Rc'idmceshrcFquner: .ir ch|nge ptr hour.
'-u: Repnnted by pmisrion of the Air Condirioning end Refrig-
'ctuon Inrntute, Arlington, Va.

ASHRAE handb@fs md mnuf:ctum' deta.

TABIJ &12 Cocficienrr of Hert Trurnrirrion U of
VGttiGd Windows (Excriorl

U. Bu pa
( hrllft'l(Fr)

Iufiltration

.Hr=cf-xf.OAx(6-t')
(sensible hcat gain from outside air)

Hc : cfm x 0.68 X {Wto - l4'")

(latent hcat gain from ou(side air)

Typ of Gbrs

&o
Ind@r
Sh.nl

INioor
Shad2

Single-srerrgth glass
Doublc-rtrcngth (single-pene) glass
Exrra-hcrvy pLrte glass
Double glass, insulatrng, Vt-ia. air

rPace
Triple glrs. insuldng, %-rn. arr

sPacc3
Storm wrndows. I ro 4 in. air soace

0.54 134
0.40
0.48

t.04
0.85
0.78

0.61

0.8 r

0.70
0.55

0..t4
0.50

ASHRAE hrndboofr end rn:nuiecturctr' dL.

Islrz]
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TABL &14 Infltntion through Cncts (Cubic Fcet pcr Minute pcr Lineel Foot of Creck)

Wd l/cloaty, ni/hr
5 I0 )0Typc of Wtadow or Door

Double-hung wood sash

Steel sash. rolled section

Avcrage window in wood framc. non-wea.thersrnpped
Samc, weatherstriPPcd
Poorly 6tred window in wood framc,

non.wearhercriPPed
Same. weatherstnPPcd
Archirectural. projected
Indusrial. pivoted
Residcnrial casemcnt
Hcavy casement section. projected
Hollow merel. venically Pivoted
Well fitred. non-wcathenstnPPd
Same, weathersripped
Poorly fitted. non-wcathcrstriPPed
Same, weatherstnpped
Good installation
%-in, craclt
Aluminum. double-hung or sliding. weatherstripped

0. r2
0.07

0.65 1.73
0.40 1.05

Ordinaqv wood or
metal door

Glass door
Factor.v door
Menl-s:sh windows

0.45 1.85 4.20
0.10 1.57 1.53

0.25 t.03 2.30
0.87 2.90 6.20
0.23 0.87 2.t0
0.13 0.63 1.53
0.50 2.40 ,r.00

0.90 1.80 4.20
0.45 0.90 2.10
0.90 3.70 8.40
0.45 1.85 4.20
3.20 9.60 19.0

3.20 9.60 19.0

0.r0 0.53 1.27

Abstncted frcm Camer eir Corail*-g Co- ao"af-h of Ar Cndtwg Srarr &:16z' McGnw'Hill BooL Company'

New Yorl" 1966.

TABLE &15 Infltretion Duc to Door Opcnings

Cf^ pn Pason aucnng Room Pa Doot

36-in. SurnEag Door

Abntlr;ation

t l-m-
Ratolving

Door
No

Vatibub
with

Vatibub

Bank
Barber shop
Candy and ice cream
Cigar store

Department store (small)
Dress shop
Drug store
Hospial room

Lunch room
Men's shop
ResEurant
Shore store

6.0
3.8
5.3

t9i

o.5
4.0
5.J

20.0

6.5
2.0
5.3

8.0
5.0
7.O

30.0

8.0
9R

7.4
3.5

5.0
t.7
9q
3.5

6.0
1.9
5.3
2.6

4.0
,,f

2.0
,,7

3.8
2.8
1.9
2.6

Abstractcd from Carrier Air Conditioning Co., Hadbooh of Ar Codttiontag S$rd D.ngn, McGnv'
Hill Book Company, Nerr Yorl. 1966.

TABLE &16 Rrrcr of Hcrr Grin fr.oa Oc<uprntr of Conditioncd SFccr:'Brrcd oo 7E"F R'our DB TcdPctrhrr1

Dcgw of Activity Trpt al Applifutwr

Toal
Ha,t

A&tla,
Mab,
&tr/hr

Toul
Hca\

A$Lsud
Bu/hr

ScrcibL
Ha\

Btu/hr

I"rrt
llql

8&t/L

Seared. at rest
Seated, very light worl

Moderately active office work

Sunding, light work or
welling slowly

Ught bench work
Modcrare dancing
W:lking 3 mVhr or

modcrare worh
Bowling
Heaw worh. vigorous spons

Thearer
Offices. hotels,

aPartmcnts
Offices. hotels,

aPanmcnts
Depanment store,

reuil store,
dime srore

Facrory
Dancc hall
Factory

Bowling alley
Facrory, gymnasium

350
420

510

6{0

400
{80

640

8fi)

lr0
t90

2rt

tB

t!5
E?I

650

6ti
ll8

2!0
230

255

3t5

5,15

405
350

345
635

880
I 560
l(xo

1200
2000

960
lE00

780
l2E0
l(X)0

J!olrr.'
t Adjusted rorel hcat gein is besed on noml prenBge of mcn. women. :nd children for thc applicerren hslcd with rhr Poltullc tr
rhe gzrn from en edul fqglc is 85 paccnr of rher tJr an aduh melc, and rhar rhe garn from a child rs 75 Pcrcar o{ thlr lor rn rd{

lgttz)
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F*

tqtt F.l7 Rccouncndcd Rrtc of Hcrt Grin ftb- S.tcctca Gooling Applirnccc Locrtcd ia thc Air-Cmditioned
stcc

RaMed Rate of Hcat Gca
Btu/ht-;

,i
''1

Ou"all
Dintclrsiorrt, irr

(Wid,thx Depth
x Hcightl

Without Hood
with
Hood

Mkcellancou
Data RaEd Wetts Sctuibb Latat

AU
Toul Scnsibh

ilAs-BURNtNG'
COUMTER TYPE
* Coffce brcwer

per burner
C,offee urn

DeeP fat frYer

Dry food wanner

pcr ftr of toP

' Griddle' frYing
pcr ft2 of toP

Shon order stove
per burner

ELECTRIC'
COUNTER TYPE

Coffee brerver
per burner ,

Coffee urn,
electric

Hotplare
Toaster,

conlinuous

, lVith warm
position

l4-in dia.
14x2lx15

1750 750

5250 2250
7500 7500

560 140

4900 2600

3200 1800

770 230

3850. 1250
5300 3600

2to0 2400

2500 .500

7500 1500
15000 3000

700 140

7500 1500

5000 1000

1000 340

5lo0 1600
8900 28@

5100 1600

5 gal
15 lb fat

Open grares

5 g"l
18 x 20 x 13 2 heating units

720 slicesZhr 20 x 15 X 28 4 slices wide

625

3000
5200

3000

ISHME fuliag ararl Hcatmg Ld Anatunn Mann4 New Yor1, t979.

TABLE 8-f 8 Rrtc of Heet Glrin from Miscdlencous Applianccs

Manufachav's
Ratmg

W Btu/hr Sans0t l-atrltt Total

Rccowrsrdzd. Ratc of
Hcat.Gun. Btu,/hi

Appliduc
Mucelbtuotts

Dau

El4tLal Applianca

Hair drier

Hair drier

Sterilizer, instrument
Large copying machine

.Blower
ryPe

Helmet
ryPe

Operadng
Standby

1580 5,400

705 2.400

lr00 3,750
12,000
6,000

400 2,700

330 2.200

1200 1.850
0 12,000
0 6.000

2,300

1,870

650
r2.000
6,000

Gas-burrnng Applianu
lab burners, Bunsen %r'in.

barrel
3,000 r.680 420 2,100

ASHRAE Coo&ng drd ff.atllg Lood Cltlr'ltllraror. Mmua{ New Yort, 1979.

136 Irottzl
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0o
TABLE I5-SOI3R HEAT GAIN THRU ORDINARY GLASS

Bhr/(hr) (ro ft sash oreo) oo

O' NORTH I.ATTTUDE

iimr of Yor bgcrur.

Nodh
Noahtri

JUNE 2I South

asl
Nodhrrrf
Horizonial
Norih
Northrrt

JULY 23

a

MAY 2I V'.rt
Norihrr:t
Horironrrl
Nonh
Nonhrli

SUN TIME O' SOUTH LANruDE

e lro
I o I +s i-351 r+
l0lil9 ll56 ll5.+
I n I rrA I r47 | l1<

!u
OC

41

561
861
4l I

l+
AI

t4l
rei
r+l
r4l

I

:41

r+l
1r I

lo | 371 s.l

| 0 | il81r53
I n I r7r ! lS?

6r | 6s
rs0 | r24
t10 I oA

E poruro I Tinr of Yrer

80

t1

IE
133

td
l.+
IA

| 341 l4l:31 l
| 2r,l t4l r1l I

I r. I 14 I 14 | |

0

$ssfirci

g
0
0
0
o

o
JI

t0
ll

6
6

tl
t1

c5
48
IJ

l3
t1

t+
l4
-')

l0l
rnt

l.t
t1

l4
l.+

+o
tl
34
t+
l4
la

l1
,a
l+
2+
45

l1
l1
t4

{5
6

?lol
'17 |

7+
l3

il6|0|
ile|0|
?nl o I

Scuih
5oclhrrt

Noftn..tt
North

WG3t

Sosthvrrt
Hci:onirl

alt
!egf;nd

Scutn
Soufhlri

Scuth
Socthuri

JAN 2I

d

no" ,,

==, tn

d

MAR :2

0

l+l
201
r7l

IJt,t'tl
ZD

4l

t0 | bl
l0l 6l
l0l ?8 1

o/ i
rl
.llr;'i
6, 

1

ltlfi
esl

0
0

0
n
n

371 0 I Sourh

:l I I scuthreri

t0i ol lll lli 14l r4l r+l.lSl96lllellszllzllul
lol ol ill t3l 14l 161 1lls5l12+llsolls3ll18l0l
I o I 29t gllrSr lrqsI22lt'3312::1t9S11511 9tl ?91 0 |

Au6 24 I
I't2

i2
t1
l7
79

r63
l4l
e7

tz
l'l

&

APR 20

(;p? rt

MAR 22

)outnsat?
5ouih

W crr
Norrhvrrr
Hori:onre I

Norih
Nornuri

I 0 t +61

| 0 | 5l
I N I AI

lt
361 l8l l+l t4t 14l 14

r:l r+l r+l t+l r+l r+'- | I I I I
tl I t4l tll 14 I t4 I 13

ll I ll I o | 0 |l]l ill 510 
|1Al (tr .A I n I

NortnaaJt
North

ieI
t2 |tr I

tz Irr I

It
tl

oci 23 I

xi-n io I ot l?l ill r+l l4l l4il4r14 l 13 l 12 I ol0 i Souih 
I

North-rt Io l 57 1 79 1 osl:sl tsl 14 l 14 l 14 l 13 l t2 l 6l0 | Souri'ri Ii..r ln lrrolrnl,.nltnrl .ri relrrl ral 'll !?! blc I '33r I

BEA 
'A

NOV 2t

JAN 2I

)ogt|laat?
Souih

Wasi
Nodhwri
Horinatal
North
Norlhrrst

Nodhnrt
Horircrirl

NonD.atl
Norih

a3t
Scutiwri
Hoei:onral

Socihlri

atl
5outh*rt
Horhontal

Nortnaart
North '

Vl arr
Socthili
Hcironrrl

APR 20

AUG 2.+

MAY Zt

&

JULY 23

JUNE ZI

l0l bl 12l lll l+l t.$l r+l40ll03ll.+8ll53llzel0l
I ol 6l 12l 13l 14l r+l t4l rsl lsl 6sl 7el 671 0 

II o I lrl eTltsol?0blZ)1t21s l2t4l206ltsol e7t lt | 0 |

l0l 6l ill 13l r+l l4l 14l 14l 14l 13l lll 610
I o | 461 szl l5l 18l r1l r.+l 14l 14l lll rll 6l 0
I n I rrrlrsrlttql 951 all trl trl trl 13l lll 6l 0

t8

U | .rern'
0 I Nor+h
n I Not+h

0 | 6l ll I

o | 5l rr 
I0 | ?91 et ll

r+l
14 l

33 1

t4
'r)1

t+
l4
la

80

:5
+3
t4
t7

l4
t+
l4
t1
t6
nl

t9l

L
I

I

I

lz

t4
t+
l4

0t

:J
t+
t.+

?6

DEC 22

No?th
Nodhlrl

Nodhwd
Henutrl

tl
17

l:
5.f
7+
rl
IJ

tl
17

0
q
0
0
0
0
0
0

o
o

tt

tl
12

117
I

r4l
t.+ |
(1 |

r'+l
r4l

1l'll

l.t

?3

JJ
78
t4
t4
t4
9l

l'

t

0
0

0

0

0
ill
ill
87 ll

Soirr 6rin
WC'loi

Slmi Srrh. or
No Slh

x | / .85 or t.l1
H.r.

-qgl," lM&|

Scuth Ll.
D.s ot i.n.

Bold Facc l6igsl _ Monrhiv MattnunS

-3"4r.EIIB-
lF*'ir.,E.-

6orrd Vciucr 
- 

Y..ny ncrtnumt

Irtlrzf
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IAELE 28_TRAN5MI55|ON COEFFICIEITT U-PITCHED ROOFS'

FOB HEAT FLOW DOwN-SUMrtfEt. FOR HEAT FLOt,v UP-WINTEi (3O €qurticn ct 8'ncil cl Pogrl

Btu/(hr) (sq ft proicaeci orco) (deE F ternp diff)

Au nmbar rn poramo6 indicsra ycighf pcr rq ft. Torol raight prr rq ft ir:cm of coilPonlnt nstrtiqll

CETLING

Yt'olptun
of

Wocd Lerh
Plqrrad

[nur aoa]

AGoorrissl lil.
cn Funilg

a?
11" Glvttm

PTTCHED ROOFS

I

I

lx'
I ItPrun

%- | sccra
Wccd I lPlaoc
Poncl I Boord)
t2t I Q'l

Mrrcl
Lerh

Plcrrcnd

lnrulctiag
Bocrd Plcin ct
%'Scad Agg

Pl.rland

| 'r.
I So'd
i PlorrcrI rrl

aa
Lt Wt

Plqrtc

'n
Sond

Plorrcr
tal

,A'
Lt wt
Plail.t Eoord

.,.
|ila

,\'
I tac

I Blclg pooc * t{." i i

I piv-ocd (21 | .51 |

ltli :z .2e I .zv .28 i

suRFAcE I sxrlrxtxo

ArDirsll
it i.et.t. (2t

i Bldg pap.t - :i!" 
i

i-ood rircothing {31 | I .* .21

I

.20 .16 I .:r .le.3ol.li .26

;8tds pogcr.on 9'lr" i -^ I

i prv-ood (21 | .59 \ .t, .r3 i

i

.JJ .JI I.28 I .lr .35 .r8 | .rs .22Ato.ttot-CaF'nl
Shingtcr (3)

o'
Atcn.il Roll
Rociing (l)

i Btd" ooo., - 4i- I i
I Dfqg 999Er e.r .- | |,", | '. I .25I wsd lneonnE lJl I

I
I

i .14 .1v
tll.2e i .: r .28 | .zE .27 \ -zz .t7

; Bldq eoect on i4r- | | i

i pi'-ea (21 | .e. ' .29 i
.3t I

1(I.36 I .38 .t7 I .r,
I

.re | .ze .235lcu (81

Tih (l01
o?

Sh..r M.lol (l) lElciqogocro:5A"1. I t

i -ooa rir"ortri.g (3 | | 'r8 .25 
'

ta.rt I .lr
!l.29 i Jl .25 i .28

I Blcio psocr on I r i

it" i t" rris: (ll I J3 i .zr :
.30 I

I

rr I la
!

.28 I .rt
I

.t7 | .21 .21

Wocd
5hiogrc (21

I Bldg poocr oa iir" 
I

ipiymoci {21 I
.{r i .::

I

.^ | tz
I

r( ! tl
I

.16 i .21

" 
.t, I,t t9

13"'i1ill#"t;l ,,. i .2, i
t{ .23 I .t .22 ! .'' .r5 I .rs .17

1958 ASHA€ Gcicie

Equorioa* Sunner {Hqst Flos Dooi Hcor Goin, Etu/hr - (honzorol Prcicatad ons. tq ttl x (u voiuc} X {equircicnt renp diff iobh 201'

l1-ztt2)
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LAUPIRAN 2

TABLE r8-2 Recornncndcd Nc (Noire criteria) for selecdon of DiEusers
and Venous Assiicatioas

Rcaznaatid Noltc &ira.ra (d,B Attctwsonl

NC Ctnte
t-orft7,a,'ucltt tn

ztnrnnor!'&E tI
Typval

Acczmanc.t

Beiow
NC:s

g:clrqmety ouret envrFonmen!.
suopressed s.Deech is ouite
auciible. suirable for acure nickup
oi all souncis. Recorciing and
performing suciios rcguire NC
icveis beiow 20

Broaciasung
stuciios. concen
halis. music
roolns. church
sanduaneS

NC 30 Very ourer officc. suirabie for iarge
confercrrces. reiephone use
sarishcrorr. Lcveis beiow NC 30
arc consiciercd "ven ouiet"

ResioenCes. rire-
arer:. iibraries.
exeanrive ofrces
grrefiors roonu

NC 35 Quier o6,cc sarisbcronr for confer-
ence a[ a l5-fr rabis normal
voice lC-30 fi; reiephone
use sadsicton

Prirare ofrces-
schoois. horei
rooms. coun-
rooms. hosoical
roomS

NC 40 Sarisfacrory ior conie-rences ar a il
&ft tablq nortaal voice il13 ft:
teieohone use ocn.ionallv
cii6crrir

Gcneal ofrces.
iabs. ciining .

roorns. buiiciing
Iobbies

NC 45 Sausiagron for conferctrces at a 5
5-ft tabie: norrnal voice !6 fu
raised voice 6-12 ft: reie-
pirone use occasionaliv difrcuir

f,gr-ii 5igies,
caietcrias.
corriciors.
large cirafring
& engineering
o6ccs. nosy
rcceorion areas

Above
NC 50

Unsausbcrory for confercrrces of
morc rhan rwo or three persons:
norrnal voice I-2 ft Bised voice 3-
6 fr: releohone use often difrcuh- "
Leveis above NC 50 arc considercd
"noisv"

Norsv ofrces,
srenog:rzoiric
pools. pnnt
macirine Fooms.

Procr$ ane?s.

rnanuicnrring
Sounc.' Tunie and Baii<y M:nu.facrunng Comoany.

39
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TABIJ l&5. Sdccrioa end pct{oranencc Deq for Round O.itiag Dihtrcr|!
{a Potrion of e Menufecturer'r Teblc vith NC firralq6 Added)

Sur. ta,'
Ncch Ncci
Arca, V.L,

ft' In 700 E00 900 1000 tI00 1200 tt00 1400 1600 1800 2000

cFM 95 ilo
5 sP 0.07 0.09
0.136 RAD 3-5 .' 3-5

NC t8 22

t75 190

0.25 0.29
4-7€
36 3i

120 l3s I50
0.t2 0.15 0.18
3-5 3i 3i
95 28 3l

165

0.gl

34

220 245 270
0.37 a.47 0.58
5-10 6-19 7-r4
41 44 46

cFM 135 155
sP 0.07 0.09
RAD 3-5 5-6
NC 18 33

Ll5
0.1 I
3-6
26

9r t
0.t6

3l

ollR 9Ei q?i

0.2 0.24 0.27
4+ 4-9 Llo
34 36 37

195
0. l4

9(l

315 355 390
0.36 0.45 0.56
Ll2 6-14 7-15
41 44 46

315
0.1
,1-9

29

8

0.349

cFM 245 280
sP 0.06 0.08
RAD d7 .r-8
NC 19 23

350 385
0.13 0.16
D-lU C-a I
30 33

420
0.r9
5-r2
35

455 490 560 630 700
0.22 0.95 0.33 0.42 0.52
il12 6-13 . 7-15 9-18 10-20
37 39 43 46 49

cFM 380 435
l0 sP 0.05 0.07
0.545 RAD 5-r l 6-12

NC 21 25

545 600 655 7t0
0.1 I 0.13 0-16 0.19
i-r4 7-15 8-r5 8-17
32 34 37 39

765 870 980 1090
0.23 0.28 0.36 0.44
rl8 10-20 I t-22 13-26
4l # 48' 5l

490
0.09
Ll3
90

cFM 550.
12 sP 0.05
0.785 RAD 7-t4

NC 23

630 705
0.06 0.08
7-15 8-16
26 30

785 865 940
0.1 0.12 0.14
8-r7 9-18 9-19
33 36 38

t020 il00 1260 r4l0 1570
0.r7 0.19 0.s5 0.32 0.39
t3-20 10-21 12-25 t3-|27 15-30
4t 43 4i 50 53

cFM 860
15 sP 0.(N
t.227 RAD c.^t7

NC 24

cFM 1240 l4r0 1590 1770 1940 2120 2300 247A !830 3180 3530
l8 sp 0.03 0.04 0.05 0.06 0.08 0.09 0.1I 0.12 0.16 0.2 0.s5
1.767 RAD I t-22 12 -25 19-26 Ir28 15-30 15-32 16-33 17-34 lS38 2l-{3 23-{6

NC 36 30 32 35 38 41 43 45 49 52 54

cFM 1680 1920 2160 2+OO 2650 2890 3130 3370 5850 4330 4810
sP 0.02 0.03 0.04 0.05 o.d6 0.0? 0.08 0.09 0.12 0.r5 0.19
RAD t2-24 14-28 15-30 16-32 t1-v 18-36 19-38 20-40 l2-{4 24-{8 27-55
NC273034374043454650il57
cFM 2900 !510 2E30 3140 3460 3770 40E0 .*.100 5030 5660 6280

24 SP 0.04 0.06 0.07 0.09 0.1 0.12 0.r5 0.t7 0.22 0.28 0-35
3.142 RAD lL30 16-33 17-35 18-37 19-38 2040 2t42 93-{5 !5-51 2U5i 3l-63

NC t8 32 35 38 40 43 45 47 51 55 58

Sa!a.' Atrarlolrt Pruducrs Divrsron. Dynanrcc C.orooneuoo of Aocticz

9E0
0.05
9-18
tt

I 100 1230 1350 1470 1600 1720 1960 2210 2450
0.06 0.08' 0.09 0.ll 0.13 0.15 0.19 0.24 0.3
9-19 10-21 I r-22 12-24 13-26 Ly27 lL30 17-35 18-39
32 35 38 40 4l 43 48 51 54

0l
2.405

d*o t lzt2f


