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Table 2.1 Typical Metabolic Generation form Various activities
Btw/(hr-ft?) met

Resting

Sleeping 13 0.7
Reclining 15 0.8
Seated, quiet . 18 .10
Standing, relaxed 2 12
Walking (on the level)

-0.89 m/s 37 2.0
134 m/fs 48 2.6
1.79m/s 70 38
Office Activities
Reading, seated 18 1.0
Writing 18 1.0
Typing 20 11
Filing, seated 2 12
Filing, standing 26 14
Walking about 31 1.7
Lifting/packing 39 21
Driving/Flying
Car 18-37 1.0-2.0
Aircraft, routine 2 12
Aircraft, instrument landing 33 18
Aircraft, combat 44 24
Heavy vehicle 59 32
Miscellaneous Occupational

Activities
Cooking 29-37 1.6-2.0
House cleaning ’ 37-63 20-34
Seated, heavy limb 41 22
movement
Machine work
sawing (table saw) 33 18
fight (electrical industry} 3744 2.0-2.4
heavy 74 4.0
Handling 50-kg bags 74 4.0
Pick and shovel work 74-88 4.0-48
Misceltaneous Leisure Activities
Dancing, social 44-81 2444
Calisthenics/exercise 55-74 3.04.0
Tennis, singles 66-74 3.6-4.0
Basketbail 90-140 5.0-7.6
Wrestling, competitive 130-160 7.0-8.7
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MOIST AIR

-

General e adia
s Lgaamy pe Ao ghie i jlall (3 A gana (e (958iy Atmospheric Air - ¢l s—gll
1 pn A Ay (S0 ] e ST 0 cumg 5l 7 (o RN o3l SilSse

bl iy (I LYl a sl ¢ e eQg) ¢ QS s Y Jie Aad

A gy Lebuad Ky @l e g Liha sania e ol pedl ilipSa o (SoilSaal) Jalilly auaady

Sl 3l 3 playg das gl gt Claall (6 59 el M‘ die 3l d oy gl (3 STy gyl
15 aball o DU ol el o gill o) FY1 iany g cpmaS) 3 jlayg il o3aly (63 G0, S
‘ NERRIR

3.1 Dry Air Contents Bl elagll Dlgsa 3.1

‘_}Sw}lgad‘:\._l_,m| k—hn.\“.l_,Table 31 sﬂl\g.uﬂ _)_a.a\.nl.hu._dul..a.“ ;.\3_Q.]| OeSay

< i
Table 3.1 Composition of dry Air
Constituent Molecular Mass Volumetric Fraction %
Oxygen 32 20.95
Nitrogen 28016 78.09
Argon 37.944 0.93
Carbon dioxide 44.01 0.03
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Lwldll S92l slagl! oles 3.2

3.2 Standard Atmospheric Air Properties

g=9.807, m/s’ dna ) dudladl ]

T, =288, IK sl mhaw iz 35 jall 42 50 2

P. =101.037, kPa sl b sie s all Jaiall 3

a i e b (Bl Sl Clie 4 Uil olpos o oy sl el gl 4

‘ (t=30- 150)C° s sl

p = 1115 kg /m’el st 4t 5
= Gl (5 siay Atmospheric air sl else ol dry air il o) sl s LiNA
R U PARE T BRI SOPRIEL R CARUFC R I PO oL T
e 501 30 0 ) i Ay o S A5 el b 39y oL
s Relative humidity Al &gk il (W6 30 45k ) casn @llig JSS o) gl Dlianl 30
t 2y Lad Loga 33 g Specific humidity due silt 4,5k

3.3 Psychrometry S yog Saudl 3.3

ceball i g Babise ga g clsell (el gs o 53U pladl g
3.4 Psychrometric Chart 5 509yl Ay o5 3.4

Sualy 33lall (. linia s g (o Jsbaa b ygee (B lgriy (Sa 53l ol pgdl ol ys
5 Fa g _Spnall Ang i s Ay jit Lagrionyy Lo b JC5 Ul i 5y g (o lgrag
bl el agdl al 43 2323 4 Ja88 jar ¥ ael s dday ) a0l o2 a . Psychrometric chart

bl e 5 5le Ade Al e el gl Cha€s Sldee Al o 8 Lo 2ol les S

)~ 4a ns Dry bulb temperature(db) Al cigedl 5l a i o e JSag b L5
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Humidity ratio (w) 4 sk 4 wiy Wet bulb temperature (wb) dmda il ¢! 5—
Specific & sl aaally Enthalpy (h) Lults¥!y Relative humidity ¢ 4s—will 25l
a3y SHF o pomall 5l e 1 g (o L (5 5iay - volume (

am
Conniny gl o Al bl y 2l €y sane YIS 3als a8 (5 g Sl Ay
59l Dol Cig ki ie lgmaing o5 38y Fig 31 3 cuse gb Lo gud S-S 3 €1 20
S ol gall oS3 Gl 5l (3 JS JisS  ph gisany -P= 101350 Pa (—ul

s bam

3.5 Moist Air Properties ol slaglt olgs 3

Dry and Wet Bulb Temperatures b ylg 8lxl slsg)l 8yl > 4>y0 1]

el &y e 5 juc o4 Dry bulb temperature Al el gell 30 jusn in 2 =
230 Lo ydy (gl (o ama ) 5 p2bae gl il (it iage 1 Wy
(db) et ted ey o of hu (¥ (ubuall A8k dundle
DALl e Andad Camaimy 3, Wet bulb temperature 4bb ol pgll 3 a2 0
e b Sy sl Wi 5 a A Jil OB (ala ¥ fage il sy (e Jlpdll
B A gl A g3 o sl (o (Wh) 5o M L) Sy Akl oFpell 351 n
o e g o Sl dga gl el il |l dllyy Bladt 51 —adl Aa 2 e
oa sa Lae . Al e 6 a e owy @lliyg 3y ool Jaws gl 3 1 s s
Al ) ie a8 Agda il 6y pal) i (gl bl 5 adl A g s <3l
Aedea oS el ey e ApaS 8L Dlaae (55 ol g S . 100%
piie pan S o] O Jlen anton Ay Ailal ol 85 n Ap p e -
oo Laaaal Fig 3.2 (s jiega o (Ao s5ias e s-2 Sling Psychrometer
o A iy (s DAYy Al e lsgll 5 m s s sl Bl e Aeleiy
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de blall dap cafn e O e bae Ledaud g a9 5a Sleadl L Al o s gl
c(n e ga Al e JS
oo W Fig 3.3 (e s Sendt Alasa o Gl ) Jashaay Jias (db) Adalt 51—l As 0
Fig 3.4 3Bl b glaay Jiaid a1 3 ) sl

m, oLl s 35S dui e 5ok — Specific Humidity Lglo 1 a1 Wb

kg wv/ kg da o s ss (W) Sells b Sy Badall i m, cilal el ol A S Y
Aslaall LS (S

W =m,/m, 3.1

Lelalt _)li..v uL;.II ;i_’g.“ e Lm ld&di L\IJLL“ P\a..“ uy\.'m é*\lal)_g
PaV Pv.¥V
m = m, =
= Rat ¥4 Rv.T
sl “Au\;“ ;i}g—“ ‘;‘)}“M‘ paﬁg;
. L_@lﬁ“ uJ slall J\S.‘\! b.‘!):..“ Lasll PV

(3.2)

Al badal syl s da,n T
sl iy Sl culs Ra

Ra=287Jkg K and Rv=461.5Jkg K
s s Py sl SN Jaaall ld il (58 Gaalal g
P.=P,+ P, (33)
(3.1) stad i (3.3) ¢(3.2) ¥alaall gy RV, Ra o I dsanl sl iy Wy
e s
W =0.662 A (3.4)

! v
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el pgaall o \giad 1y (5 ey Sl Ay pb o A da ey i Waisha ) A
-Fig34

RH 1bsial 4 ¢ 504 ) 5y -Relative Humidity il iseb J1: G35

%ﬁwﬁﬂcpsw\ﬁu‘_}@ Meljpveu'_)ﬁ.ghi..'awo_ai‘;\;_srhj

Ailall 5 el
¢ = P, IP. % (3.5)
Ak 15 yall A3 foashens 3 Table 3.2 on 4isd (s ol ol iy v Ps i
alsleally wht

Log Ps=30.56-8.2log (tw+ 273) +2.48 x107 ( tup +273)-3142,3|(t.»+273).k,Pa. (3.6)
skl (o dbt, Wht, Ps (e JS A (e Py Jlal dais (e

P,=Ps—101.325x6.66 x 107 (ty— tu) (3.7)

Absledlly A 5y jalh da o aie plall Ly Jaice (s

Log Py =30,56-8.2 log (ta+ 273) + 2.48.10°7 (te+ 273) - ’i‘%% kPa (3.8)
“db

Fig 3.3 b & clinies i ay ¢ (o (3.5) Adleal (8 Psggy « Py (e (s pei i
. 100% saill (iniay g3y %10 (pe fas sale 4y gha dpus o8 2L
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THE TWO THERMOMETERS SHOULD BE MATCHED
BY THE MANUFACTURER: THAT IS, WHEN THE
WICK 1S REMOVED AND BOTH THERMOMETERS
ARE EXPOSED TO DRY-BULB CONDITIONS THE
READINGS OBTAINED SHOULD BE EXACTLY

THE SAME

BULB DRY HANDLE 1S FIRMLY
BULB INSTRUMENT ¢S ROTATED GRASPED AND
ABOUT 2 TO 3 TIMES PER  THERMOMETERS
SECOND UNTIL READINGS ARE SWUNG
ATTAIN CONSTANT VALUES

Figure 3.2 Sling psychomotor

100%

50%

//

~10 -5 0 5 10 15 20 25 a0 35 40
d Dry-bulb air temperature (1*Cdb.)

Figure 3.3 Dry- bulb témperature C°, and relative humidity %
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vl oh sl e il aoall . Specific Volume slagl) codl pomand! s Ll

R aladt g8 (35 5k e 4it (Say

P,v=mRT (3.9
: (e Comgy ilall o ggll Bladf laiiall Pa s
P,=Pg-P, (3-10)
Fa g bl il (5 gl ekl Py s
Ll iy Jiea Py
m'/ kg — ke v o gl aaall o)sSs ey
v=mRT/P, (3-11) '

Fig 3.5 8 0sse 98 LS Al habaiy o 3l paadl Jiayy
Cllua g bl Aualall o3 - Enthalpy of moist air oo ' #1g-g)1 LIS 2 Luwls-

lamalt s ASaD (gl all o 5V ag il Caliley A Bia ol ped) Aatlaa Cbaaa it diy
k= Uit s3I Gibbs- Dalton law &5 = G (3l o Lasuls WIBN Al 3 5y
48 kel yeslindl JS (5l a5 inall £ gama (5 gl Lodill LIS i (5 jall 5 sl
Soload s siaall ¢ sana (s sbay cada ol sgll (55l pall (g i) (i 1an ey da L

' Ll i (ol s gimal Y ALaYl Giladl 6 sl

h=h,+h,= , k) /kg (3.12)
' | clal e el (s all (g fadl b,
h,=Cp, ¥ t , kl/kg (3.13)
Sl Jlad (s i al 5 sl
h,=W (hg + Cpgy. t) (3.14)
| bl g Gilal o) gelf o K1 e il 550,80 Cpy, Cpy Cm
Cp.=1.005kI /kg. K, Cp =186 kikg K.
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1°C{db.)

Figure 3.4 Psychometric chart showing wet- bulb temperature (Wh)

v

-~ and moisture content (W)

™\

Specific enthalpy, i (kikg)

Figure 3,5 Psychometric chart showing specific entFalpy and specific

volume.
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hy=2500, 8kl/kg sl el v gl Ll lad eyl LIGYT o B
= his 1 el el Ll s (3.12) aadt & by, Cpy, Cpy — daad )l piills (s yeilly
h= 1005+ W (2500,8+1.861) , kikg (3.15)

Aoy loghd o Ahdaia 5055 0S5y GBI e Qe Jo plais (5 fag Sl Ay (e Sy
Fig3.5 oe ome g LS Uy il i gali (b e 1555 2k i3 1s

3)a Aa o (dew point ) saidt A dali i i Dew point  50i3! ddadi : Lwalw

SJm A i 5 13 oAl 8 okms Bpke 1 Ay Jal (s gl e o) gl
Ll J\é.gh.l\ictmwﬂ\i_)l_)ﬂ|i.)_)ﬁ(W)¥_,leLud,.h&..b"baﬁ.ﬂ_;n._.n_LJJl ol

Ay ety s A g B
tgp = 14.62 In ( Ps / 600.245), C° (3.16)

£ YIS o ol ggll Al LGN (sl Ak (3 oSy ekl oLl iy ot Py Sm
Aoy ji le"elged Alla 33 a5y oot M elygll (pe b, wht, dbt ) piiesls (ol Apa ghaas
ki . g= 100%)¢._..mi@&L@@.wlma.g_ﬁh_hs,_@d;a,_,sg_‘n
Fig 3.6 b e o LS (saill ek Ao (o plalih
b I slagll olas Ao 3.6

3.6 Determination of Moist Air Properties

o ale o) S Lea b Bidl el gl e yfsls 3 pra ey il M ol el Atla 2aad
sl Al A alasiuly o = 50% ¢ty = 21C° amiladie delpell At
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147 22
1op (°C) t("Cdb)

Figure 3.6 Psychometric chart showing the location of dew- point  temperature,

% saturation 50 .
Specific vol/um/ wikgkg)
{0.843 m3/kg)
! 0.0078
-10°C t¢Cdb.) 21°C B0°C
Specific enthatpy (kJ/kg) 41.08

Figure 3.7 Determination of air state pro.berties.
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u&q]:)l‘ RS -LPRS S Q:SO‘VOM\ :\J}h_)!\u.\_a.\.at—adb=21CDL-At]=\._ﬁ
Fig 3.7 .48

W =0.0078 ’;g’d”: Ay ) A e il Ay L Ly oa
g

dp = 10C° aill Akt Aol chany 0 =100% cinio oladh (6 Ll 1 jlusy olas¥I
14,8C° 5y by 0=100% _iate e 15 Ao 1 5l ol Aa e
v=0843m'kg = sl pasd

h=41.08 kI /kg igiady Uapjali 3gsa o e pubiia o 155 Laltiayl

Sl kil yui5 i 3.7

3.7 The Effect of Barometric Pressure Variation
bl 5l 1l Bk ol e \gdhoun 5 35 Lga e bl a1 6l g gl y s
Pp=101.35kPa
o thauall A Rl ¢
Ulali s3a ae Jalailly o5 fa g Saall Any i Jo 335 gall 2l s b D 38y Gl
1 S il saal Thomson Abwd 5 s jilall dsteall plaaiuly ruas

Ws=0.624 Ps/ (Pg- 1.004Ps) ' @-17)
Py=101,35kPa Akl iyl sie gkl el ki Ps e
s AT ) Al 5 s s ey eyl plid (5 sl Sl Py

e palsall pain 101,35 kPa o jhaie g g Jaiiis die Badadl ol sl (ol gd i i S
.Fig3.1b 2 Al 84,55kPa o_taka (5 s Jakuia w‘-ﬁl‘ ,_‘ls paaaall (5_siay Saudt Aday »

Example 3.1
Compute the humidity ratio of air at 60% RH at the condition of : ai

temperature of 30C° . The barometric pressure is 101.35 kPa.
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die Jaaall ey say 4.241, kPa g goddl Jaina o} =ait = 30C° ais Table 3.20—
Astadly cpmy il dsiio ol RH = 60% Apsaill 45k ) o Cua o =100%
Pv=4241x i%=2.s45 kPa
(34) Holna ( iy puilly
W =10.622 Pv/( Pt- Pv)

=0.622 x 2.545 / ( 101.35- 2.545)= 0.016 kﬂ
. 4

Examp’e 3.2

A sling psychrometer shows the air conditions in an occupied room is 22C°db
.| and 17C° wb. Calculate the relative humidity.

(3.8) Aolaally il dwiicen cppuityg= 22C° ilall 5] jalt Ao y3 aic

314,23
Log Py = 30.59-8.2l0g (t4+273)+2.48.107 (ta+273) - —=or
1, +273

= 30.59- 8 2log (22+273)+ 2.48.10°(224273) - 3423 _ .42

224275

Ps=2.638, kPa. : :
Aslaally o By = 17C° ko it 3 1 jadl a0 aic gl Jokaa

3 3142 3
Log Py = 30.59 — 8.2 log (tws +273) +2.48.107 (te, +273) - 1273

wh

= 30,59-8.2log ( 17 +273) + 2.48 x 10° (174273)-

L
P = 1.935, kP,
twy =17 C° i i b
- Py=Psw - 101.325 x 6.66 10° ( ta, — t,y)
=1.935 - 101.325 x 6.66 10™ (22— 17) = 1.6 kPa
o=P,/ Py = 1.6/2.63=60%
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Example 3.3
Calculate the specific volume of humid air at 22C° db & 17C° wb and vapor
pressure 1600 Pa.

Glall of gl daiaa
Pa=Pg-Pv
=101325 ~ 1600 = 99725, Pa
o 223 311 alsledt Gabdiy
v=mRT/ P
m=1kg & «R=2871kgK: & T=295K;) ia
Wladl (8 ALl iy sy pillyg
v =1x 287 x 295 / 99725 = 0.8493 m*/ kg.

Examp 7e3. 4
Find the dew point of humid air at 22C°db & 17C°wb if vapor pressure is
1600Pa.

3.16 Aoleddt apkaisy
tsp = 14.62In ( Ps /600,245) _
=14.62. In ( 1600 / 600.245) = 14.3C"
Al
(b L Ui i 5 g ool A 4 (o by = 17C° ¢ L= 22C° ol sl At iy

dP = 14C° Aal 1) Ll ) gdaions Lol 3 . B = 100% imiall ol

B ————v—————
Exampile 3.5
Compute the enthalpy of moist air at 60% RH, when the temperature is

30C°db, for standard barometric pressure.

36




Table 3.2 Moist Air properties.

Specific volume, Enthalpy, Entropy,
Saturation m3 kl/kg ki/kg + K
1,°C kPa Liquid Vapor Liquid  Vapor Liquid Vapor
0 0.6108 0.0010002 . 206.3 -0.04 25016  ~0.0002 9.1577
2 0.7055 0.0010001 179.9 B39 2505.2 0.0306 9.1047
4 0.8129 0.0010000  157.3 16.80  2508.9 0.0611 9.0526
6 0.9345 0.0010000  137.8 25.21 25126 0.0913 9.0015
8 1.0720 0.0010001  121.0 3360 2516.2 - 0.1213 8.9513
10 1.2270 0.0010002 1064 4199  2519.% 0.1510 8.9020
12 1.4014 0.0010004 93.84 50.38 2523.6 0.180S B.§336
14 1.5973 0.0010007 82.90 58.75 2527.2 0.2098 8.8060
16 1.8168 0.0010010 73.38 67.13 2530.% 0.2388 8.7593
18 2,062 0.0010013 65.09 75.50 2534.5 0.2677 8.7135
20 2.337 0.0010017 57.84 83.86 2538.2 0.2963 B.6684
22 2.642 . 0.0010022 51.49 92,23 2541.8 0.3247 8.624]
24 2982 0.0010026 45.93 100.59 2545.5 0.3530 8.5806
26 3.360 0.0010032 41.03 108.95  2549.1 0.3810 8.5379
28 3.778 0.0010037 36.73 117.31 2552.7 0.4088 8.4959
30 4.241 0.0010043 32.93 125.66 2556.4 0.4365 8.4546
32 4.753 0.0010049 29.57 134.02 2560.0 0.4640 8.4140
34 5.318 0.0010056 26.60 142.38 2563.6 0.4913 8.3740
36 5.940 0.0010063 23.97 150.74 2567.2 0.5184 8.3348
38 6.624 0.0010070 21.63 159.09 2570.8 0.5453 8.2962
40 7.375 0.0010078 19.55 16745 25744 0.5721 8.2583
42 8.198 0.0010086 17.69 17531 25779 0.5987 8.2209
44 9.100 0.0010094 16.04 184.17 2581.5 0.6252 8.1842
46 10.086 0.0010103 14.56 192.53 2585.1 0.6514 8.1481
48 11.162 0.0010112 13.23 200.89 2588.6 0.6776 8.1125
50 12.335 0.0010121 12.05 209.26 2592.2 0.7035 8.0776
52 13613 0.0010131 10.98 217.62 2595.7 0.7293 8.0432
54 15.002 0.0010140 10.02 225.98 2599.2 0.7550 8.0093
56 16.511 0.001015C 9.159 23435 2602.7 0.7804 7.9759
58 18.147 0.0010161 8.381 242.72 2606.2 0.8058 7.9431
60 19.920 0.0010171 7679  T251.09 2609.7 0.8310 7.9108
62 21.84 0.0010182 7.044 259.46 2613.2 0.8560 7.87%0
64 23.91 0.0010193 6.469 267.84 2616.6 0.8809 7.8477
66 26.15 0.0010205 5.948 276.21 2620.1 0.9057 7.8168
68 28.56 0.0010217 5476 284.59 2623.5 0.9303 7.7864
70 31.16 0.0010228 5.046 292.97 2626.9 0.9548 7.7565
72 33.96 0.0010241 4.646 301.35 2630.3 0.9792 7.7270
74 36.96 0.0010253 4.300 309.74 2633.7 1.0034 7.6979
76 40.19 0.0010266 3.976 318.13 2637.1 1.0275 7.6693
78 43.65 0.0010279 3.680 326.52 26404 1.0514 7.6410
80 47.36 0.0010292 3.409 334.92 2643.8 1.0753 7.6132
82 51.33 0.0610305 3.162 34331 26471 1.09%0 7.5850
84 55.57 0.0010319 2.935 351.71 2650.4 1.1225 7.5588
86 60.11 0.0010333 2.727 360.12 2653.6 1.1460 7.5321
88 64.95 0.0010347 2536 368.53 26569 1.1693 7.5058
90 70.11 0.0010361 2.361 376.94  2660.1 1.1925 7.4799
92 75.61 0.0010376 2.200 38536 26634 1.2156 7.4543
94 81.46 0.0010391 2.052 393.78 . 2666.6 1.2386 7.4291
96 87.69 0.0010406 1.915 402.20 2669.7 1.2615 7.4042
98 94.30 0.0010421 1.789 410.63 2672.9 1.2842 7.3796
100 101.33 0.0010437 1673  419.06 2676.0 1.3069  7.3554
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elall i Joruss g, =30C° aic Table 3. 2 Py = 101,35 kPa sl (5 gal) Jai .l
- Ps=424/kPa giit s
oLl lay duica (i RH = 60% oo dusucll gk i f Cumy

P,= 4,241 x 130%= 2.545, kPa.
Aol (8 (g guilly ¢

v

P =P,

W =0.622

2.545 0.016 kgwy

=0.622x =0,
101,35-2.545 kgd.a.

Unlaadl (e 3005 o gl Lpallish
h=1.005t+ W ( 2500 + 1.86t)
= 1.005x30+0.016 (2500 + 1.86x 30)
=71.04, kJ /kg.

Problems

3.1 Using the psychometric chart for the condition (a) to (e), list the properties

not shown.
tabce | twh |dpco | RE% | Y |V b
kg wv/kgda | m3/kg | kJ/ kg

a |27 |16 :
b 24 40

c i8 10

d 10 40

e 21 70
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3.2 Calculate values of humidity ratio, specific volume for saturated air at one
standard atmosphere using perfect gas relation for temperature of 20C°db.

3.3 The temperature of a certain room is 22C°, and the relative humidity is
50% the barometric pressure is 100 k Pa. Find (a) the partial pressure of the
air and water vapor, (b) the vapor density, and the humidity ratio.

3.4 The condition within & room is 21C°db and 50% RH, and at standard

barometric pressure of 101,35 kPa. The inside surface temperature of the
window is 4.4C°. will the moisture condenses on the window glass?
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. Fig 4-1 Sensible heating of air and the plot on a
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Cooled air

Fig 4.2 Sensible cooling of air and the plot on a
psychrometric chart.
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Fig 4.10 Mixing process of two streams of air

4.11 Mixing process plotted on the psychrometic chart -
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Figure 4.12 Sensible and latent heats
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C e Jbe b 4oy

Examine 4.1.

3.2kg/s of air at 15C°db is heated to a temperature of 32C° by a hot water
heater battery whose surfaces are at 40C°. Estimate the rate of heat energy
added and calculate the contact factor of the coil. If the heater battery is
replaced by another having more tubes and fins such that its CF is 0.85,
estimate the leaving or air-off temperature of this Aair, assuming that the |
heater surface are at the same temperature as before. ;

ailia! 5 )l jall 438

Guc=m. Cp (t:—1t))
=32 x 1.005 (32-15)=54.67 kW

CF (! Jataa

oo fmh 32215
-4 40-15

t,-15
CF=%0-15

0.68

=0.85

085= 21 &  1,=363C°
40-15
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Examp Te 4.2 ,
A cooﬁng and dehumidification battery caters for an air flow rate of 2.8 kg/s
with an entering conditions of 27C°db, 20 C°wb. If the cooling coil has an
apparatus dew point of 8C° and a contact factor of 0.82 determine :

a) The air — off conditions from the coil;

b) The required refrigeration capacity to serve this coil

(5 o 3 Sl Ay i laninlsy Fig 4.3 ] 5230

CF=l-l2
LIl 3
CF=082 & «¢;=8C° & (1, =27C° o Cumy
082=27-4 =114C°
27-8
= 11.4C° » 3,00 cilal ¢l gedl 5 jolia 540 jo dn jo (558
5 a3 Sl Ay ji (ra
t= 104 C° wb
hy =575 ,hy=30.5kJ /kg Aay,5ll Luii e
(4.7 ) Usladlh Baskesyy
qeczm-(hlfhz)

=28 ( 57.5-305)=75.6,kW.

Example 4.3
‘2;6kg of air at 20C°db, 50% RH, is passed through a washer. Using water at
30C°. If the washer efficiency is 70%, estimate the conditions of the air

leaving the unit.

(1) A sie o am 5 i g jSauall Ay 35 by plasiidys Fig 4.5 101 ¢ 520
t, = 20C°db, RH=750% & W, =0.0074 kg wv/kg d.a.
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, (3) Wit 3
~t3=30C°db, RH=100% & W;= 0.0273 kg wv/kg da.
) vl b€ Uolaey (ygaioni 3_dlicall Adas ausmd)

_W,-W, _ W,-00074
W,-W, 0.0273-0.0074

S W, =0.023B kgwv/kg da.

n=0'7=12-—t1 5 -2

t, -1, 30-20 Pl

. t,=27C°db
oh (2) Aals aie 3 pladl aie ol gl Ula

t,=27Cdb & W,=0.0213 kgwvkgda.

Example 4.4
70kg of moist air at 35C°db, 24C°wb is mixed with 115kg of moist air at
37C°db, 20C°wb. Find the moisture content, enthalpy and the wet bulb

{ temperature of the mixture

& sy Sl il alaiial g Fig 4.11 :g}g,;_,m'
Ja¥ L el g

hi=758k/kg & W, =0.0158 kg wv/kg da
' ) nl g
h,=57ki/kg &  W,=0.0117kg wv/kg da. |
Glall o) gell AESH Lia ) l5

o omptmy=my
" 70+115=185 , kg
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mlW; +IIl2 W2 =1m3 W3
70x0.0158+ 115x0.0117 =158 x W,

Wi=0.0133 kgwv/kgda
Bl Bain 5ot

mih;+mph, = mshs
70x 75,8+ 115 x57=185 x h;,
hy=64.1 kJ /kg
G Py Saalt Ay i e
ty =30C° & t,,=22,1C°

Exampﬁe 4.5
| A kids- toys shop has a sensible heat gain of 13,2kW and latent heat gain of”
4.4, kW. The shop is maimtained at 25C°db & 45% H. Draw the RSHF line.

Fig4.13 e s Jall
484l At guaadll 341 jall (Jatee
q, 132

= =0.75
q,+q, 132+44

RSHF =

tg=25C°, RH =45%  —; 4 all Alla asas

Reference ms glais 0,75 — Jeladdl i 909 e A gadl 5 jadt Jalas A 3005
t=245C° & RH=50% . \@liinal 0 guide point s line

e doans glaial) deils Guide point saelad! Liiy SHF = 0.75 ;s baili s

A 05580 acbluall Laall by 3 g Und a5 4 jalt Vs A 30 Guide line acluadl Jaill
-RSHF line & alt ki
u.tnt.isdi%hljlu,)mﬁlﬂiij}uglxjihmﬂhjGSM.L-AJI V3 Al

A Sl il g A la die 4gde i yuii 134y Jadll e
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Problems
4.1 Find the heat transfer rate to warm 0.7 m*/s of air at 15C°db and 90%
RH to 50C°db without the addition of moisture. [ Ans:30.35kW }

4.2 An air handling units mixes 0.47 m*/s of outside air «t 33C°db & 24C°
wb with 1,89 m'/s of return air at 26C°db and 45%RH. Determine the
mixed air db and wb temperatures, enthalpy and humidity ratio.

4.3 A summer outdoor air at 30C°db, 21C°wb is cooled to 12C°db and
90%RH. Sketch the psychometric process and identify all the condition
data for the end point [4ns] :outdoor 43%RH, W =0.0018 kg/kg, h =
60.3kj/kg v=0.875m’kg. dP=163C°.

cooled: 11.1 C°db, w = 0.0079, kg /kg ,h=32kJ /kg dP =10.5C°

4.4 In an air conditioning unit 3.5 m/s of air at 27C°db, 50% RH is cooled
and dehumidified to 13C°db and 90% RH. Using the properties from the
'bsychémetn’é chart to determine :
a) The refrigeration capacity in/ W
b) The rate of the water removal from the air [Ans. a : 83,5 kW, b=
0.09kg/s]

4.5 1kg/s of air at 28C°db, 19C°wb is passed through a cooling coil until its
discharge state is 15C°db, 13C°wb Find:
a) The apparatus dew point of the coil
b) Calculate coil CF
c¢) Estimate cooling load of the refrigeration plant.
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[Ans.: (a)dp=10C°, (b)CF=0.72 (c)gec=17kW.]

4.6 Space has a sensible heat gain of 25 kW and latent heat gain of 9kW.
Determine the RSHF. If the room design conditions are 25C°db,
50%RH, using the psychometric chart draw RSHF line.

4.7 0.8kg/s of air at 9C°db, 4C°wb is exposed to a washer with heated
water. The air leaves the washer with moisture content of 0.0064
kg wv/kgda. If the washer efficiency is 0.72 determine the heating load
of the washer water. ( 7.6kW.) '

4.8 A space to be air. conditioned is known to have a total heat gain of
15kW of which 12.2kW is sensible. It is required to maintain the space
at 27C°db, 50%RH. What apparatus dew point will required

[Ans.: ty, = 14C°]

4.9 An air handling unit which includes Dx- coil receives 30% of its air at
30C°db, 22C°wb and the remainder at 21C°db, 50% RH. The air flow
of 0.65kg/s leaves the co;l where the apparatus dcwpomt 15 8C° at 10C° .
Determine refrigeration capac:ty of the coil and its contact factor and by
pass factors.
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. Table 5.2 \iw

5.2 Transmission Load Syl Ms- 8,1 et Ja51 5.2

OSar b Yy 3 gl g ol g g iRl dadl pally ) jaadl S g Al 51 el ApaS

Aaled) Aslealls Lgises
T AxaA
x At ) .
= =U.AAt
9 = "Sri . kW (5.1
m? , pladl dalus A Sia
mMPCO/W, gl 148 5 440 &y )yl Aa il TR -
C° g ity Ala1all 5 ) all (im 5 ian G A1
W/ mCo 80 5 yall JUil Jelaa U
sl 4bea S0
1 1 Xi 1
J = = 2= 5.2
4 T ]/(h,,+zk,.+h,} (5.2)
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Table 5.1 Weather Data For Arab Countries

65

Station Altitude Summer Winter
Dry bulb C° | Wet bulb, (° | Dry bulb, C°®
gyt - B
Alexandna |[31°30°'N 37 25 12
Cairo 30°35'N 41 22
Ismailia 30°37 N (42 (M o
Luxor - 46 27 8
Menia - 41 24
Port Said 21 16'N 34 26
Libia 34.5 24.5 7
Ben Gazi :
Sudan 15°37' N
Khartoum 15°37° N 45 23 -
Wadi halfa |21°55' N 46 22
Algeria
Algiers 36°. 46° N 37 20 - - 7
Oran 35.44° N 33 27
Morocco
Casblanca 33° 35" N 33 25 )
Tangier 35948 N 33 24
Tunisia 36°47 N 42 27 5
1 Saudi
Arabia
Jidda 21 38N 42 30 16
Riyadh 24 39N 44 28 4
Zahran 24 39N 43 29 6
Bahnan
Manama [26°12° N 42 33 -
Iraq
Baghdad 33°20° N 47 24 2
Basra 30° 34° N 46 29
| Mosel 44 22
Kuwait
Kuwait city |29°2I'N 45 31 2
Jordan
Amman 31°57 N 38 22 -




[ Lebanon

Beriut 33° 54 33 26 7
Oman

Muscat 23°27T N 43 34

Emirates 25° 20°'N 44 34

Table 5.2 Recommended Design Values at Various Locations (Inside conditions)

Location Season Occupancy 4,C° RH %
category
Cold Summer Continuous | 20 -20 50
Transient 23 50
Winter Continuous 19-20 50
' | Transient 16-18 150
Tropics Summer Continuous | 23 50
Transient 25-26 45-60
Winter Short winter no heating required
Long winter | 22 45

OSas Al Clluall .ol & jlay Jatks Mb el JU Males A1, |, Ay dua

hi =6

Wim’C®

ho =35 W/m’C®
¢ o} a2 Fig 5-1 Y g 52 s

Figure 3.1 Heat transmission through wall
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Example 5.1

Calculate the transmission heat gain for the wall structurc in a rural situation
and the inside and outside temperatures are 21C° and 32C°, respectively.
The wall area is 97.3m> the inside and outside convective heat transfer

coefficients are 35 and 6 w/ m~"C®, respectively.
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Figure 5.2 Analysis of wall structure in exanples. 1
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e Waasad (S Jaflall il ySad 5l ol Jimo it i kalae SIS gl ud 2SSl 034

(Table5.3)
k=081 W/mC° k2 =0.039 W/m.C°
k3 =0.0035 W/m.C° k4 =0.036 W/m.C°

k5=072 W/m.C°

+ + + + +
ho kK k2 k3 k4 k5 hi

=1/ _1_+ 0.105 + 0.05 + 0.1 . 0.05 . 0.013 +_]_‘ =0.175 Wm2 K
35 081 0039 0051 00035 005 6

q=UA aT
=0:175x27.3x(32-21)=52.54 W
SUlaol NS LS of 539dd0 51> 5.3
5.3 Loss or Heat Gain Through Ducts
) BAn a3 ot ot gglt ol Aalladll Baa g dey il Jao ol gl e DL
(a0 U1 03 Aila) sy L ( AhSH At (i ) 50yl 3y J (M AMa
' .mu'o.mu.osq.a.:),uag.mb*ﬁn‘,ﬁ“

Ga=Us*xAq( ) (5.3)
m? ol sel il dyilall daludl Ay

C° (o Al Jua i g tllall (i o sl 05 51 pal Gl o 56 AE
WP K — iy dlladi faal jbae JS0 50l S Jutea Uy
Asleally i Smy U Jalecdl

LI N N
Url ’Tri R r.\‘a (54)
¢ cllunall Jal ol pgll Ay jlanl A5 dall Ay 51 el Ae plidll 1y Caga
0.25 | R
r, =0.86 %T (5.5) 4y it elilaall

68



Table 5.3 Typical Thermal properties of common Building and

Insulating Material , C
Density Conductivity Conductance = Specific
Thickness, Py k, C, Heat, | ..
Description mm kg/m? W/(m-K) Wim?-K)  k)/(kg-K
uilding Board )
[Asbestos—cement board 64 1900 — 93.7 —
Gypsum or plaster board 9.5 800 —_ 176 1.09 )
Gypsum or plaster board 12.7 800 —_ 126 -
Plywood (Douglas fir) — 540 0.12 —_ 121
Plywood (Douglas fir) 6.4 540 —_ 182 -
Plywood (Douglas fir) 9.5 540 — 121 =
[Plywood (Douglas fir) 127 540 — 9.1 -
Plywood or wood panels 19.0 540 — 6.1 -
Vegetable fiber board - —_ —_ — 121
" Sheathing, regular density 12.7 290 — 43 .
Sheathing intérmediate density 127 350 52 -
Sound deadening board 127 240 —_ 42 1.26
Tile and lay-in panels, plain — 290 0.058 — 059
Or acoustic ’
Hardboard
Medium density - 800 0.105 9.50 —_
High density, standard- — 1010 0.144 6.93 —
tempered grade
" {Particleboard’
Medium density — 800 0.135 7.35 —_
Underlayment 15.9 640 — 6.9 1.21
‘Wood subfloor 19.0 - — 6.0 1.38
Building Membrane
Vapor-permeabie felt —_ — — 94.9 —_
Vapor-seal, 2 layers of mopped - — — 474 -
0.73 kg/M2 felt
Finish Flooring Materials
Carptt and fibrous pad — — — 273 -
Carpet and rubber pad - - — 4.60 138
Tile—asphalt, linoleum, viny}, - — —_ 113.6 126
rubber '
Wood, hardwood finish 19 — — 8.35 0112
Insulating Materials
Blonket and Bant
Mineral fiber, fibrous form
processed
from rock, slag, or glass
approx. 75-100 mm —_ 6.4-32 _— 0.52 —
approx. 90 mm — 19-26 — 038 —
approx. 140-165 mm — 6.4-32 —_— 0.30 -
approx. 140 mm — 10-16 —_— 027 -
approx. 150-190 mm — 6.4-32 — 0.26 —
approx. 210-250 mm - 6.4-32 — 0.19 -
Board and Siabs )
Cellular glass —_ 136 0.050 _— —
Glass fiber, organic bonded — 64-140 0.036 — —
Expanded polystrene, molded beads — 16 0.037 — —
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. (Continued)

. Density Conductivity Conductance  Specific
Thickness, P, k, C, Heat,
[Description mm kgm®*  W/(m-K) W/(m>-K) kJ(kg-K)
ineral fiber with resin binder - 240 0.042 - —
Core or roof insulation — 260-270 0.049 —_ _
| Acoustical tile 12.7 — —_ 45 —_
Acoustical tile 190 —_ -~ 3.0 —
Loose Fill
[Cellulosic insulation (milted —_ 37-51  0.039-0.046 —_— 1.398
paper or wood pulp) .
Perlite, expanded — 32-66  0.039-0.045 — 1.09
— 66-120  0.045-0.052 — —
— 120-180  0.052-0.060 —_ —
{Mineral fiber (rock, slag, or glass)
approx. 95-130 mm - 9.6-32 - 0.52 071
approx. 170-220 mm - 9.6-32 - 031 —_
approx. 190-250 mm — 9.6-32 —_ ‘026 —
approx. 260-350 mm - 9.6-32 _ 0.19 528
|Mineral fiber (rock, slag or glass)
approx. 90 trim (closed — 32-56 2.1-25 —_ -
sidewall application)
Vermiculite, exfoliated — 110-130 0.068 — 134
- 64-96 0.063 157 —
Metals
| Aluminum (1100) - 2660 215 — 0.9
Steel, mild — 7600 453 — 05
Steel, stainless - 7680 156 — 0.46
Roofing
Asbestos—cement shingles — 1500 — 270 1.00
Asphalt roll roofing —_ 1100 - 369 151
Asphalt shingles — 1100 - 129 1.26
Built-up roofing 10 1100 — 17.0 1.46
Slate 13 — — 114 1.26
‘Wood shingles, plain and — — . 6.0 1.30
plastic film faced
Materials
Cement plaster, sand aggregate — 1860 0.72 — 0.84
Sand aggregate 10 — —_ 75.5 0.84
Sand aggregate 20 — — 378 0.84
Gypsum plaster .
Lightweight aggregate 13 T200 —_ 177 —
Lightweight aggregate 16 720 — 152 —
Lightweight aggregate 19 — — 121 —
on metal lath
Masonry Materials
{Masonry Units
Brick, fired clay — 2080 0.92-1.12 — —
. — 1920 0.81-0.98 -— 0.7%
Clay tile, hollow '
1 cell deep 100 — - 5.11 —_
2 cells deep 150 — — 375 -
2 cells deep 200 —_ _— 3.07 —




(Continued)

Density Conductivity Conductance Specific

Thickness, p, k, C, Heat,
Description mm kg/m®  W/(m-K) W/(m>K) WKI(kgK)
Concrete blocks
Normal mass aggregate (sand — — — 51-58 092
and gravel), 200 mm, 15-16 kg,
2020--2180 kg/m? concrete, 2 or
3 cores
Low-mass aggregate (expanded — — 3.0-35 — —
shale, clay, slate or slag, pumice),
150 mm, 7.3-7.7 kg, 360-1390 kg/m®
concrete, 2 or 3 cores
Same with vermiculite-filled cores, — - — 157 —
200 mim, 8.6-10.0 mm, — — 1.8-3.1 — —
1150-1380 kg/m® concrete .
Same with vermiculite-filled cores — — L1-15 0.93-0.69 —
Concretes
Pand and gravel or stone aggregate — 2400 14-29 — —
concretes {concretes with more than N
50% quartz or quartzite
Sand have conductivities in the higher — 2240 13-2.6 — —_
end of the range) — 2080 1.0-1.9 — —
Limestone concretes — 1920 114 — —
— 1600 0.79 - —
Cement/lime, mortar, and stucco — 1600 097 1.04 —
—_ 1280 0.65 1.54 —
Lightweight aggregate concretes
[Expanded shale, clay, or slate; — 1920 09-13 1.08-0.76 —
expanded slags;
cinders; pumice (with density up to — 1600 0.68-0.89 1.48-1.12 —
1600 kg/m?); and scoria (sanded — 1280 0.48-U9 — 0.84
concretes have conductivities in
the higher end of the range)
iding Materials (on Flat Surface)
hingles
bestos~cement — 1900 — 27.0 -
'00d, drop, 20 by 200 mm — - 121 - 117
tumninum, steel, or vinyl, over — — 9.31 — 1227
sheathing, hollow-backed
ulating-board backed .
9.5 mm nominal — — 312 —_ 1.34
9.5 mm nominal, foil-backed - — 193 — —_
hitectural (soda-lime float) glass — — 56.8 —_ 0.84
'oods (12% Maoisture Content)
woods
Oak — 659-749  0.16-0.18 —_ 1.63
oftwood
—_ 392-502 0.107-0.130 - 1.63

Hem-fir, spruce-pine-fir
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Table 5.4 Typical U — values of walls

Construction U-value
(outside to inside) (W/m? K)
Brickwork
(a) 105 mm brickwork, 13 mm dens¢ plaster 3.0
(b) 220 mm brickwork, 13 mm dense plaster 2.1
(c) 335 mm brickwork, 13 mm dense plaster 1.7
(d) 220 mm brickwork, 25 mm air gap

10 mm plasterboard (on dabs) 1.5
(¢) 220 mm brickwork, 25 mm airgap, 10 mm foil-backed

plasterboard (on dabs) 1.2
(f) 220 mm brickwork, 20 mm glass fibre quilt,

10 mm piasterboard 1.0
8) As (f) but with 20 mm EPS slab 0.93
() As (f) but with 25 mm EPS slab 0.82
(i) As (f) but with 25 mm polyurethane slab 0.66
() 220 mm brickwork, 25 mm airgap, 25 mm EPS slab,

10 mm plasterboard 0.71
(k) As (§) but with 25 mum polyurethane slab 0.59
Concrete blockwork
(a) 200 mm heavyweight concrete block, 25 mm airgap

10 mm plasterboard {(on dabs) 1.8
(b) 200 mm heavyweight concrete block, 25 mm airgap,

25 mm EPS slab, 10 mm plasterboard 0.79

As (a) but with 25 mm polyurethane slab 0.65
(c) 19 mm render, 25 mm mineral fibre slab, 200 mm heavy-

weight concrete block, 13 mm lightweight plaster 0.88
(d) As (c) but with 40 mm EPS slab 0.64
(¢) 150 mm cast concrete, 50 mm wood wool slab,

13 mm dense plaster 1.2
(f) 200 mm cast concrete, 50 mm wood wool slab,

13 mm dense plaster 1.2
Brick: cavity: brick
(a) 105 mm brickwork, 25 mm airgap, 105 mm brickwork,

13 mm dense plaster 1.5
(b) As (a) but with 13 mm lightweight plaster 1.4
(¢) 220 mm brickwork, 25 mm airgap, 220 mm brickwork,

13 mm dense plaster 1.0
(d) As (c) but with 13 mm lightweight plaster 0.95
Brick: cavity: block
{a) 105 mm brickwork, 25 mm airgap, 100 mm heavyweight

concrete block, 13 mm lightweight plaster 1.6
(b) 105 mm brickwork, 25 mm airgap, 25 mm phenolic

foam, 100 mm heavyweight concrete block, 13 mm light

weight plaster 0.80
(c) 105 mm brickwork, 25 mm airgap, 25 mm phenolic foam,

100 mm medium concrete block, 13 mm lightweight

plaster 0.72
(d) 105 mm brickwork, 50 mm UF foam, 100 mm heavyweight

concrete block, 13 mm lightweight plaster 0.59
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Table 5.5 Typical U- values of Windows

’ U-value for stated exposure
Window type - Fraction of (W/mK)
area occupied -
by frame Sheltered Normal Severe
ISINGLE GLAZING -
wood frame 20% 45 5.0 ‘5.9
30% 4.2 47 ... 55
uminium frame 20% 5.6 6.4 7.5
no thermal break) 30% 5.9 6.7 7.9
uminium frame 20% '5.2 5.8 6.8
with thermal break) 30% 5.2 58 6.8
UBLE GLAZING
uminium frame 20% 3.9 4.3 4.8
no thermal break) 30% 4.4 4.9 5.6
uminium frame 20% 34 3.7 4.0
with thermal break) 30% 3.7 4.0 4.4
Table 5.6 Typical U- values of Pitched Roofs
nstruction ’ " U-value
outside to inside) - (Wm2K)
§ mm asbestos cement sheet - ' 6.5
5 mm asbestos cement sheet, loft space,
10 mm plasterboard ceiling 2.6
10 mm tile, loft space, 10 mm plasterboard ceiling 2.6
K2) 10 mm tile, loft space, 25 mm glass-fibre quilt,
10 mm plasterboard ceiling 0.99
(b) As (a) but with 50 mm glass fibre quilt 0.61
(c) As (a) but with 75 mm glass fibre quilt 0.44
(d) As (a) but with 100 mm glass fibre quilt 0.35
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Table 5.7 Typical U- values of Flat Roofs

nstruction U-value
outside to inside) (W/m? K)
19 mm asphalt, 75 mm screed, 150 mm cast concrete
(dense), 13 mm dense plaster 1.9
Ka) 19 mm asphalt, 13 mm fibreboard, 25 mm airgap,
25 mm glass fibre quilt, 10 mm plasterboard 0.81
(b} As (a) but with 50 mm glass fibre quilt . . 0.54
c) As (a) but with 75 mm glass fibre quilt 0.40

Table 5.8. Typical U- values of Internal wall & Partitions

nstruction U-value
~(W/m*K)
[a) 105 mm brickwork 2.4

[b) As (a) but with 13 mm lightweight plaster each side

[c) 100 mm lightweight concrete block

d) As (c) but with 13 mm lightweight plaster each side
25 mm plasterboard, 25 mm airgap, 25 mm plasterboard
12 mm fibreborad, 25 mm airgap, 12 mm fibreboard

L I )
RN
R b= W oo

— - ——J

Table 5.9 Typical U- values of Internal Floors & ceiling

Construction U-value Surface
(W/m? K)
a) 50 mm screed, 150 mm cast concrete 2.0 ~ floor
ceiling
[b) As (a) but with 25 mm wood block floor 1.5 floor
. ceiling
25 mm wood block, 65 mm cast concrete, 0.7 floor
25 mm airgap, 25 mm glass fibre quilt, ceiling
16 mm plasterboard ceiling
10 mm timber floor, > 25 mm airgap, 0.81 floor
25 mm glass fibre quilt, 16 mm plasterboard ceiling
ceiling
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5.4.2 Derived solar angles AaRiod! it blg; 5.4.2

Flad (o) panall 34 3 & Solar altitude angle (B) (waddl pUi) Lyl -1

Fig 5.6 Y1 (s sudl (o pladll 138 Jolans y uatll

B ol glin ) duyl 31 90° J dacidl 4yl 3 (& Zenith angie ¢ dawd] gl il -2

Fig 5.6 (me sa WS g+ F=90° i &

Y Bl gaiaay (3 30 M & Solar azimuth (¥ ) L) e Lyl 5 -3

- A s il (el Gl () lgatie eludl G lie (e 431 590 (8 (panaddl pledl

Latitude (wesdll 16 3 W) and Table 5-10 A slaxa ¥ ¢ f Ligl af amy

el 231 305 Solar incident angles onto building sl (oo bsbudd] 419l -4

T asYi 0 o duals 068 Cuay udl plan e o sae 38 o cllass T, W/m?

L Y] phadl Al (8 Y 58 Ja¥) - puatdl Al aad U ghose peledl Aalas

“ ICos A .ssbm (BY! St i ol S Jailall 4l Isim B Uglana sl 1) oSyt

-'Fig5.7 phaudl 138 o 53 gan dlany s yal 450 i p0 e Jgeaall (S

0o Ll g3 W6 (S0 Apesndl Jkall Ay o Adgac ¥ Afiandl Ay oS 13

e g Al s S (6K Teos B oS el ol il el Y Aol ol

e ey @ =¥ -0l old Lilaldg sy ¥ asienl gaadl Ayl o il
Icos f cos @  Aggoms gl Ball o e ddl (S0 00y

Example 5.2
A rectangular building has one wall facing S 26°E. If the solar azimuth is

210° { Fig 5.8); find the wall solar- Azimuth for the fours walls of the
building.

Y =210° %J)_}Jhﬁ-\g-\:ﬁ@wﬂ!c@_’
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'To centre of earth

Figure 5.6 The derived angles of solar altitude p zenith angle ¢ and
solar azimuth

Figure 5.7 Solar incident angles on a building
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Figure 5.8 Analysis of wall- solar azimuth of four- wall building example 5.2

Figure 5.9 The forms of solar irradiance
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A Liad
5,=180°-26°=154° & a,=|y,- 6,|=210- 154 =156°

B kilad
5, = 154° 4+90° = 244° & @, =[210° - 244°] =34°

5. =244°+90°=334° & o .|210°-334°1=124°
5,=7334°+90° = 424° - 360° = 64° & o, = 210 - 64 | = 146°

5.4.3 Solar irradiances components  _guoi! £Ls¥1 DligSs 5.4.3

Fig 5.9 4Vl s pad 055 o s anal gl

&b oA e bl gaaddl (e tu&h s Direct irradiances Ip y&te gyl -1
. yoaall ol

pilanas 38 D 3 ,30a0 4x3Y1 (=) :Diffuse irradiance Iy cadadl plasit -2

i asl pakaeay 38 lgainyy GlaladY) JS (G i L) o el agl 5 candly
Ty kel gLl

Ip 3 y—ilall 4 3Y1: Earth reflected irradiance Ip —a M eSay dail -3
g o AV lSai¥) Antd panh ol o (uSaiiy (im T palanat 8 I ddally

S AT LI Y TS S T S e S R
ob pan oy 4l e pladll 138 e 2 ges gl o L 13 Tp il plail
by innd) Allal sy B Ayl M gle Lol Table S.T1 (3 39250 Tpn gt
b s e Tpp Y1 ke H20d) g le 81 oS ans Tpn =InpSin f go—ss iy syl
Table 5.12

vl Aatl 5 Al Sl ety

Ipv - Ipn Cos a Cos g
Table 5. 13 i 35290 Iny Apmd 1 pdad] 580l g lelil o5
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W
Tabie 5.11 Basic Direct and I_)lﬁ'use Irradiances

(degrees) 8 S 10 15 20 25 30 35 40 45 SO 60 70 80 9

lrradisnce normal Iy, 210 390 525 620 690 740 780 815 840 860 895 910 920

diffuse ear 25 40 55 65 70 75 80 85 S0 95 100 105 110 115

kradiance
/m*) L cloudy 25 50 75 100 125 150 175 200 225 250 300' 355 405 455

Table 5.12 Direct Irradiance onto a Horizontal Surface

Solar sltitude § S 10 15 20 25 30 35 40 45 50 60 70 80 90
(degrees)

jrradisnce 20 65 135 215 290 370 450 525 595 660 775 855 905 930
o2 :
sce [ny W/m?

e _________
Table 5.13 Direct Irradiance onto a vertical surface

Solar Basic direct irradiance /W/m?)

altitude on (o a vertical surface, Iy, for stated wall-solar aximuth &
(degrees)
I 0 10 20 30 40 45 50 55 60 65 70 75 80

s 210 205 195 180 160 150 135 120 105 90 70 S5 3§

10 380 375 360 330 295 270 245 220 190 160 130 100 65
15 505 S00 475 440 390 360 325 290 255 215 175 130 90

20 585 575 S50 505 450 415 375 335 290 245 200 150 100

25 625 615 585 540 480 440 400 360 310 265 215 160 110

30 640 630 605 555 490 455 410 370 320 270 220 165 110

35 640 630 600 555 490 455 410 365 320 270 220 165 110

40 625 615 585 540 480 440 400 360 310 265 215 160 110

45 595 585 560 515 455 420 380 340 295 250 205 155 105 _

50 555 545 520 480 425 390 355 315 275 235 190 145 95

60 445 240 420 385 340 315 285 255 225 190 155 115 80

70 310 305 295 270 240 220 200 180 155 130 105 80 55

80 160 160 150 140 125 115 105 90 80 70 55 40 30

90 0 0 00 000 OO O 0O 0 J
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ool ELd¥I e ol 50 5.4.4

5.4.4 Location effects on solar radiation
Sea level Effect  aali (s giaa _dli : ¥yf
<ol (5 gia i ad Sl wu.iuxst,.gmg.aat.gjuum@uuw.;almim
b e (puadll et ZBldl ol ¢ Al (g Sn po el 5 gma a5 I Sl
( Altitude Correction Factor ). jaill (5 yiva LY Ayl ) pusuad Jales ka Jataal
» Fig 5. 10 i cusally

f Example 5.3
A building is Iocated at 2000m above sea level. Estimate the correction

factor for altitude if g =15°

ka=15 faai g =15°2000m e Fig 5.10 5

Climate Effects ¢liad il : if

Jr kg ¢ kp oOlaladlly daganad oS paadl) 4l o L Zikaia 3 Sl Ul ik
ol LS s G e Tp uSaiall puo Y1 plasdYly Iy d5isal 2ty g I 5 bl daiSU

kp=10.5 kg=1 k. =0.2 Jiaall C\.u“
kp=0.5 ~ka=11 k=02 s il g Flal
kp=1.1 ki=0.9 k. =05 cladl A gad Flaall

Total solar irradiance S puaaidll £ lasyl
Pk LS ] 40K AtV e (5 ALl Jal gall JS eI L Laal 13}

LY et

L=k [ ke Ippt ko L), W/ m® (5.8
A I e

Iy=ki[kp Iov+ ke lov+ Yoke Iy~ W/m® (5.9)
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Figure 5.11 Analysis of total irradiance on to a vertical surfuce example 5.4
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Example 5.4
Calculate the solar irradiance striking a vertical wall of a building located in
Alexandria if the wall is facing S 12° E, ( Fig 5.11). The solar altitude. Is 50°

and solar azimuth is 208°. Alexandria is 75m above the sea level.

Ipn =660 W/m® (i g =50° e Table 12 (e
y =208° Luadll dfianll 4y 3l
s = 180°-12°=168° 4gaui Lilalld,gl;
a=|y-5|=208-168 =40° 4geddl juedll — Lilali 44405
Ipy =425 Wim? o aai g =40° ¢« g =50° aic Table5. 13 o
ol aa3 g=50° sic Table5. 11 (e g liall ddau sin dikaia (4 & a8l G Cuay
Lin =250 W/m®  pualll gL}
ol A Rl e caddl pwadl gl (5%

)]
[dv:EIa'H

= %xzso 125 W/m®
ka=1 g8 ol st S el 75m 5 sima (b a1 43801 Cua Fig 5.10 (e
Dol b padly k=1 ckp=05 (k=02 by leilia 4y u€ull of Cumy
S pdandl (5.8)
Ty =ka [ ko Ipy + kalan ]
~7[05.660+ 1x250]=580 W/m’
ol M pdasall {5.9) Astaall (3 gl
In=tky[ka Ippt ke la+ %k ly]
1) 05,4250+ 1x125+ 1:x0.2x580 ] 3955 Wnm'
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Lailgally Jdlgll NS qwodd! SleiY(5.4.5

4.5 Solar Radiation through widows and walls.

¢ yanily o (Fig 5.12 )il je 20 Lie iy Cigu ol o Adailull ¢ LadY 15 )
s e g absorbed [a ainay transmitted I © 38U, Reflected I puSxie S 5a

=L+ + 1 (5.10)
I I I,

-+ FE4 2
1! 1[ [l

=r+a+r (5.11)

ijdie oo i () Reflectance paadll 2edl e Jo adandl s jaie e i (7) Cus
[ransmissivity Qeedl) andy éhd' Al e et 7, Absorpitivity Aws¥! el
Lol il galh Laigs 5 S Ay Gaadll Aadl 5300 e Agfle 43305 4) soladl 2 la 30
g S0 Alinn 5 gy 4055 s Lo 1305 ateie L i

81gil M a1 3,1, 5.4.5.1

5.4.5.1 Solar Heat Through Windows.
il ¢ Ty Aadia Jp 5l Al ¢ (e 0S5 Apala Sl mhenl) o Al e il Ax
Zlalad¥l J8 (A ol shata T, Ty Sl Fig 5.13 8 (e a0 LS T 331 (el Sai¥ft
sy (Al Laled) o daidy Ip ool Lty A Lt dal JS o ki
4aS il g Bl padl 030 e (T Ay Yl jla8e 51 ey a4l @lld ey LA Lua sl
ol et i g (3 Ay Ip Jooikad paiad ¢ jadl (7 Ay Ip) s Jlaie = 51 a
lg, Lo QlisSall - Jaall & ghall Zpull he S Jaalls (ahy A, Ip) o lacie o ja LSl
T (Ipt IpAoa Laadlis (e 4piall 55 jall 4S5y A LSH il dal s Lo o), 5%
che (LI A daalbplasti s a (It [} A 4 pabaiadl s
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Figure 5.12 Incident solar radiation components

Fipure 5.13 The forms of solar irradiance strinking a window



o et Lt e Al A 5 )

lgso) = T A., I[)+ hc. a. .A\S I])+ Z'A( ld+IE)+hC. a( Id+ [E) A (5'2)

A s A€l 5 ) padl dueS gl Cilias panall L2 (33 5ha o AanSal 3 jall 408
9= UA (t-t) sl o, t; 550000 A 50 G 98 Ll rls 30
- Al s WS i Iy, Iy & T il

Example 5.5
A window 2.3m long and 1.8m high receives 443 W/m’ direct solar
adiation normal to the window , 95 W/m? diffuse, and 63 W/m’ ground
-eflected solar irradiance. If, r , a and hc are 0.45, 0.42 and 65%, '

-espectively. Determine the solar heat gain to the room. Neglect shading

Pl 2y Wl lilll e
[p= 443 W/m® Is= 95 W/m?, Ig=63 W/m®
r =045 a=042 h.=065 A=A =4H4m’
o (5.12) askedt 3okt
Qusy=7.As. Ip+h.a A, Ip+r. A(Li+ ) +h. a( L+ 1A
= 0.45x4.14% 443 + 0.65 x042 x4.14 x 443+ 0.45 x 4.14(95+63)
+ 065 x042(95+63) x 4.14 =179 W
Ol ool 13a L Ip Ll (peanll g leB1 ) 2 ey plae 1 ok o i Gl QU 3
almay g (e il 1o L RuSall 5 1 pall daaS Ji5 il g - 93 30 i plasdaly 4blaca)
- Table 5.14 A 7z s s 5 Solar gain factor S dpwadll AclaY Ciluas]
OSas (5.12) Asbally 5 jilall y zla I Pha uadll ity La€l 3 1 pall Gl @l Lo
o oot
Qetsey = SA In + SA (Lot Ig) (5.13)




Table 5.14 Solar Factor S for various Type of Glassing and shading.

b’osition of shading and type of Solar gain factors*
un protection (S) for the
following window
types
ading Type of sun protection Single Double
none 0.76 0.64
lightly heat-absorbing glass 0.51 0.38
None densely heat-absorbing glass 0.39 0.25
lacquer-coated glass, grey 0.56 —
heat-reflecting glass, gold (sealed
unit when double) 0.26 0.25
dark green open weave plastic blind 0.62 0.56
fnternal white venetian blind 0.46 0.46
white cotton curtain .41 0.40
cream holland linen blind 0.30 0.33
Mid-pane  white venetian blind — 0.28
dark green open weave plastic blind 0.22 0.17
External canvas roller blind 0.14 0.11
white louvred sunbreaker, blades at 45° 0.14 0.11
dark green miniature louvred blind 0.13 0.10
—————————
Table 5.15 Shading Coefficient
F‘ - Shading Coefficient
Venetian blinds Roller shades
Thickness, No indoor
Type of glass mm shading Medium Light Dark Light
Single glass .. |
Regular sheet 3 1.00 0.64 0.55 0.59 0.25
Plate 6-12 0.95 0.64 0.55 0.59 0.25
Heat-absorbing 6 0.70 0.57 0.53 0.40 0.30
10 0.50 0.54 0.52 . 0.40 0.28
Double glass
Regular sheet 3 0.90 0.57 0.51 0.60 0.25
Plate 6 0.83 0.57 0.51 0.60 0.28
Reflective 6 0.2-04 0.2-0.33
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Example 5.6
Calculate the solar heat gain through a window 1.8m x 1.2m single glazed

with heat reflecting glass, if the direct solar irradiance normal to the window
is 440 W/m® and the diffuse and earth reflecting are 150 and 70 W/m?,

repectively.

A= A,=18x12=216m>
S=026 s Table5.14 ;e

: (5.13) skl ki
Gersoy = SA Ip + SA (Lt Ig)
=SA(lp+14+1g) .
=026x2.16[440+150+70]=371W
Ul (e LSl 35 al Qi (e pulall o I 500 ey SIS (ay

5.4.5.2 Shading coefficient MBS Joleo5.4.5.2

TP gle) el Al b rla i Aol A0Sl § ) jall asaat avsiuy § IS 1)
Al (8 QS y mla 5 e g5 5 gl 238 raned] paiiy (SC) Jliall Jabea
5 el (985 iy Table 5.15 (e lede Jyumalt (S0 SC pif Adala i pladiul
‘ Pt gle N PA peaddl S Al

Qaey = I . AX SC w (5.14)
i1y W 192 I35 luiSall _punld] 5,1y 5.4.5.3

5.3.5.4 Solar heat gain through walls and roofs.

Jalal Y St peadll 4xdd 5 a Al e A3 e sl o Gy da i gall

by (ol dagll) 3ol Ao (38 Ao Aliial 3 5] el Y APl 1 Jm gl
Db culelall 138 Zians i oSy (LS
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Ja gl bl oa Aa o il caas 4B gl (Fig 5. 14) Jlasdl e Jaid [ 40 el Ansi
h OB l3a aasns (Gl Bl adl Aa s Uy gead 13 p Geadll Al GlliSy 1y o ladl
sty oneel seld A jhanll AL 351 g2 A2 0t (b (2 L el 551 52 Ay Cum g
A Aidall A5 NS A 5 el BaS 3 R b Akl ol &y ) jalt da ylial

Joleea Cua (2l - e ) (oo slaadl Dla 830N 5 ) jall AaS Uil 13) (ttu/Reo)

Al sl jadt ol oo Al pdaaall e 55 5el AxYT I ¢ g ladY] Jalas £ ¢ abuaiel)
RPN PR PETV Y %

w0y = ’21;;“" (@, ~el) W (5.15)
isiadlly L el 5 Qg

Gw soy = 1'97_3;—’& w (5.16)
ol 325 (5.15) « (5.16) cybobaal 81 sun

fo=tr+ Re (al,-c1y) 5.17)

(o6l = uadl ) 551pm Ao g3 (s Ak 551 pm B g3 08 55k (4 g

Solar- air temperature

e = Al U 55y 31 S 100 W/ s sy 35 ¥ 50
Table 5.16 (e lele Jpeaall pSasa= gof jlael o5

OSay. Table 5,17 (s plawlt depll iy e J geaadl (S 4y jlagdt dikalt 40 glia R,
(t2 =t ) aloadl Aa s 8 by Jailadl (DA AudSall 4080 3 1 jadl (e J goss
Asbaally el 340 I ALY

Gsor i =UA (tes—1;) (5.18)
Lgadi o
q(.m-! ) = UA (rcv' ]Z) = lJA (’2 f’) (5]9)
Lol (Sa Lgdbun 53e3 18] . puadtll 815 e A3l 5 5l sadt A o (348 Ty = (teg -
Alolaally Ly
ORI
Al =0-7>;:::1-‘< © (2.20)
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Table 5.16 Absorption coefficient (a) for solid Building Surfaces.

Absorption
coefficient
a

0.25

0.4

0.65

0.9
0.4-0.5
0.55-0.7

0.3-0.5
0.45
0.55

0.65
0.9
0.8-0.9
0.4-0.3
0.6
0.65
0.8

0.8

0.65
0.3-0.5

0.56
0.61
0.64

Table 5.17 Values of the Outside surface Resistance |Rsoi

ding Emissivity Surface resistance for stated
t  of surface  exposure (m? K/W) _
Sheltered Normsl  Severe

all High
Low

f High
Low

0.08
0.11

0.07
0.09

0.06 0.03
0.07 0.03
0.04 - 0.02
0.05 0.02




Example 5.7
Brick wall of surface area 57.2m? has a U — value of 37W/m2C°, It receives a

total solar irradiance of 583 W/m® normal to the surface, if the inside space
tern;ierature is 21C° and the outside ambient is 33C°, determine the solar

and transmission heat gain through the wall.

(5.17) dlbaadl 3pakais
tea2 i+ Rsa (alt‘ 5"]’l.)

Ry =0.06 m* K/ W a,laall Aiall 44 glia Table 5.17 e I =0 ol ) Jailall
0.555 0.7 (n Wanyia 4aii€ 2 = 0,63 ~ Table 5.16 o
t,=21C%¢ t,=33C° « I,=583 W/m® o Cuay
t,, =33+ 0.06(0.63 x583) = 55C° '
(5.18) @sbedly a8l s 4 pdt daS

Q(sow‘lr)=U-A(tw’tl) l

=3 x572(55-21)=58344 W
s (5.19) Aaleall plascisly

q(sn+tr):UA A tso+UA(t2_ti)
=3x572x1182+3x572(33-21)=5804 W

I, xa
At =075 11— ) ;
s0 233 Cya
= 0_75[5_83_1_(’;_6_3_) =11.82C°
23.3

0.5% csanis ¥ Mina oyt all (e il f 205 Al

Example 5.8

-Jl Determine the transmission and solar heat gain thi'ough a flat Sm x20m
asbestos sheet roof of a building when the outside and inside temperature are
35 C° and 23 C®, respectively. The U- value of the structure is 2W/m*C° and

the incident total solar radiation normal to the roof is 627 W/m?.
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e =a=06 Table 5. 16

R, =0.04 m* K/YW Table 5. 17 (e

A =5x20=100m’

I, =100 W/m® i
Waladl (Baadady

to=t; +Ry(al- £ 1)
=35+0.04 (0.6 x 627 0.6 x 100 ) = 47.65 C°
5.18 dbsbea) auksy
Quo+m= U A (to—1;)
=2x100(47.65-23)=4930 W

Exampﬁ. 9
Calculate the transmission and the solar heat gan in a room on an
intermediate floot of a building , located in Cairo. The room being 10m
x5mx3m high, on the comer of the building with the longer of the two walls
facing 20° East of South and the other wall facing 70° West of South.

A6m x 2.5m high double window blinds is located in the longer wall.

Data thermal resistance of wall = 0.53m’K/W. U -~ value of window = 3.3
W/ m®. C° Inside and outside surfaces convective heat transfer coefficients
are 8 & 11W/ -mZK, respectively. Outside air temperature t, = 27C°. Room
temperature t; = 20C°. Solar azimuth = 135° West North. Absorption
coefficient of wall a = 0.8, Solar gain factor for double- glassed window

with internal venation blinds = 0.46.

Solar Azimuth et 44831 i Fig 5. 15 (Y g sa )b
y= 360°-135°=225°
el jsadl J Aebll o jlie e Agh 3l o0 iy A cailall el Lailall 4
5 a=180° - 20° = 160° -
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7N
Figure 5.15 Plan view of solar angles in Example 5.
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B uilall 4nal kil 4yl 5
5 5= 180° +70° = 250°
solar - wall angle Anaedll lailalt 4541 5
O Agadl dailall 495y y Adtandl Zggl W o Blladl G (2
a, dy-06,|5225-60°=65° A Ll
ay =y -6, 5225 -250}= 25° B lilall
B =T0° Luad g5 )l &y g1 5 Ao ginay
L =335W/m® @) sl andll gt} Table 5. 11 5
Ipy = 855W/m’ S 53l g1 Table 5. 12
ka=1¢gl100m — sdl plaw op a5 5 0l Aisa (f Cam
50 al e i 5 jalill Aine plia of s
kp=0.35 Lka=1 4 Lke=02
A el dedl 503
Is =k, (kp Iog + ka Ian)
=1(0.5x855+1x335)=762.5 W/m’
e Jaai Table 5.13 e = 70« @a=65° Auesleas

Iy=130 Wm?, & Iu= —;Idﬂ=167.5 W/n? A Lial
F=10° « @=250° i 3kl iy B Mikal

295 + 270
o= =2

=282 5W Im?, &1, =%1&, = 167.5 Wm®
A Liall Al 21 50
I, =k, ()cD oy +k, I, +0.5k,1,)
=1(0.5x 130+ 1 x 167.5 + 0.5 x 0.2 x 762.5) = 308 W/m®
) B lattatll 2 HI Apeadh daf sak
Tey=1.0 (0.5 x 282.5 + 1 x 167.5 + 0.5 x 0.2x 762.5) = 385 W/m’
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LG Aalue A Bilall
A = 6x°2.5 = I5n
A, =10x3-15= [5m’
Qoo = SAlpp + SA (Lot I+ UA (1~ 1))
=SAI,+UAd(t,-t)
=0.46 x15 x308 + 3.3 x15(27-20) = 24717 W
(t2~ty) sl da e G LBy aadh 2l 351 el Cilual

U=L=1(l+o.53+l)=1_34_ Wim? C AR U ¥y o
IR 8 i1

sl (g 1o 50l An
to=ty+Ru. ax[y=27+ 11_1" 0.8 x 308 = 49.4C°
Q(mfk)=U-.A(tw"tl)
=1.34 x 15 ( 49.4 - 20 ) = 590.94W
A= 5% 3= 15m* B lilal
tea =27+ l‘_lxo.sxsss=55C°
Quor = 1.34 X 15 x (55 -20) =703.5 W
DA gall a - cenadll g ety sl il 38 S L LS K Gt s
B lilaliy A Mflad (Diai i ally gl
g =2471.7+570.94 +703.5=3746 W

5.5 Infiltration and Ventilation Load 33901y &yt 551 5.5
ol ggll 43 pSaia uall pall Jyiat 4l oyl Giyns Infiltration  woedd
$ ol Ao GGAY i€ Jaall s o L)l ol sy QA (5 e a LS

s 35ms At Geidlly el (P& Gy Jaa Ba o alally o lall o1y gl
~dlplalll
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S o2 Sl ¢l gl 2 gesiiall Jyasly Lgdl 496331 G a3 Veentilation 4y gt
A Bl g U
AN olagll Jsid 3 pSatll cundiadl (e AP (S g Claanayally B Slait Sl
- AUl phaiiund (o8 sV g Apuslial 4y gl (giatt yim oy el
b Al plasioly by allis (Say 43 48 pSas W ywiy Infiltration wij—d o Cisa
3y ) L galy ol 136, Revolving doars 343 s ol Vestibules bl Joilae
Ao i phaicuady o oA ¥y
Ta 0 i o Jony 48 S G I oa 5T ol gl J s Ay la e i) ey
AU ) e gl 50yl (B il eV (Y (o i lan GlSialt Agsha g 5
HR TR 4
Ventilation Sensible Heat Load E T I VRVOROR | 35 N1 g 9
Quo=Ma Cp AL (5.21)
Ventilation Latent Heat Load 3, 53l 43S 30 jal) Jaa
Qup =M, XA W, hg (5.22)
- ol gedl ABS 345 Jamama Cua
m, = pQ . kgfs (5.23)
kg/m’ olseh S p
m'/s ol sell parall Gl s Q,
Cp=1005k) kg-C  elplidjpllandl Cp
Co (il - (il )3 i allda p 58 At
(Al = (2l ) ol ggl g M Lpi 55 AW
ohaed) A gl a5 50 jall Dy,
SR Jana a4y el Sama (5l a3 43S Za DU o 96l A4S 3305 Ay guial | Jaiy
LSS my ohll A8 Ny Q, s o gel enad
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5.5.1 Air - change method slogl s A )b 5.5.1

5k Kl 35 b ya dand | jlana puad Al 48] jiall <l padldi Adind 48y [JPENY
}A).u:.\ B ) c;..ad
b jlas 3l bl g IS dpe il

Q=12N s (5.23)

m] le.h?.»\/&-_n
Table (5.18) (e Jonal 138 (Jo ) gpmall (Sq Sl 218 s Ol e 22 N

5.5.2 Crack method. " JeaS1 43 b 5.5.2

elpel i st o3n (DIA il AL S (dyad) g Jpa Bile (el (3l

o3 paaind Kagdy — (isally Aualal) @bt ppecal 4 e cally 138 — JRIM Y e jloall

ol g Jagh A8y plall 038 3oball b5 Ug yme byl (0 € fida dada 5 € Leni o dly, L)

@L’u}'l calaaill ) ¢

Q m* /s elagdl Gipud Jans i

Q=3 £x&,wx10%, mYs (5.25)
=1

m,MlheA-«gﬁ)l&PM«L\a:

St pranad o by /S oy e 35080 e skl el Dl il Jyme ¢

(Table 5.19) (e 4dde Jypaadl (Say g il baiadll 21 gl Aoy o

5. 5.300éupanqy veiztitalion rate LS AEL Loged! fune 5.5..

S b il s shane e WSy S kil e il g Gl el &yl o
Llaalls et

3

Oend L \uo{if- (526)

\s.per s
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W
Table 5.18 Air- Change rate N/h for Infiltration Air

Type of building

Air

infiltration
rate
{per hour)

--Type of building

Air
infiltratio,
rate
(per hour)

Assembly halls, lecture halls

entrance halls and foyers
public rooms

Hospitals:
pperating theatre suite

+

—

[

1+
1}
1

Hotels:

bedrooms (standard)
bedrooms {Juxury)
public rooms
corridors

Law courts

Libraries:
reading room
(height <4 m)
stack rooms
store rooms

Offices:
general
private

Restaurants and tea shops

Schools and colleges:
classrooms

lecture rooms
studios

Shops and showrooms:
small

farge

department store

Swimming baths:
changing rooms
bath hall

[YSIVEIS
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Table 5.79 Infiltration Rates ( Crack Metlod)

L‘ype of window Remarks Wind velocity m/s
25 50 7.5 10 125 15
Double hung wood around frame in masonry | 9.8 24.6 414 559 821 107.8
sash windows, wall, not calked
unlocked. around frame in masonry | 2.9 5.7 7.8 104 133 15.6
wall, calked .
around frame in wood 65 187 339 513 700 933
frame construction
total for average 18.8 647 119.0 181.2 244.5 311.0
window, non-
weatherstripped, 1.5 mm
crack and 1.5 mm
clearance; includes
wood frame lockage
ditto, weatherstripped 13.5 38.3 72.0 108.7 148.2 191.6
total for poorly fitted 80.3 207.2 326.5 453.0 586.0 723.0]
window, non-
weatherstripped, 2.5 mm
crack and 2.5 mm
clearance; includes
wood frame lockage
ditto, weatherstripped 18.9 56.9 103.8 154.2 215.4 276.0
[Double hung metal non-weatherstripped, 58.2 116.4 381.2 248.5 323.6 398.6
windows locked
non-weatherstripped, 58.3 134.5 216.0 309.5 406.5 507.5
unlocked ]
weatherstripped, 19.4 567 94.0 136.0 180.8 222.6
unlocked
olled section industrially pivoted 46.4 326.5 523.0 710.0 896.0 1083.0
steel sash 1.5 mm crack
windows architectural projected 43.} 1004 181.8 236.5 308.5 378.5
1.0 mm crack
architectural projected 63.4 156.6 242.0 339.0 439.0 530.
1.5 mm crack
residential casement, - 19.2 569 97.4 136.0 176.0 218.
0.5 mm crack
residential casement, 42.8 94,8 158.2 225.8 3022 383,
1.0 mm crack
heavy casement section, 9.8 303 529 819 111.9 144,
projected 0.5 mm
crack
heavy casement section, 23.8 68.3 113.2 163.2 218.0 271.8
.projected 1.0 mm crack
ollow metal vertically pivoted window [93.2 246.6 406.0 577.0 738.0 902.0|
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& 2l g paiall &y ggill Joma (L/s. per) Sl (b ial il pala 3Vl e n S
' Table 520 i 4de Jypanlt oSy - bl 5 puia Al

5.5.4 Space area ventilation rate \Soll d>luo) 3501 Juxe 5.5.4

g i Aaliee o Ll o a0 et gl Jams buad (g gastigall Taly (08 sl amy (b
T Alolaalls lgie ama g gls.ll _,‘ ij_,‘;ll

. .
0,=4, X( 2) , ms (5.27)
gl Al A A f Aabas Ay Zaa

TableS. 20 & 4ge Jpmaall (Kayy 2000 6 aal gl el jial) g6l Jana L/ ( 5,m7)
Leaph Al Ay ;Y1 3l 2y gl Jame iy A 31 il o5 4 sy B Lsa
CAad st Jlaeyl b ad g,

Examp?e_—f. 10
A lecture theater of 18.73m X 8.5m x 3.4m height is to be maintained at
25C°db and 18C°wb . the outdoor conditions are 35C°db &40% RH. The
theater has 3 aluminum - glass windows of 4.95m x 1,25m dimension each.
The theater services 112 person. Calculate.
1. The maximum outdoor air requirement using the following methods:

®air change method ® space area method

* crack method. _ . pccupéncy ventilation rate method.

1. Ventilation heat gain

OO 5 Tgs youdi gyl : ¥l
=bexth 3

m’/s
3600

_ 1873x8.52x34x05
3600

o

=0.075m*/s
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N=0.5 :dcladl A sledl yusd il ye 222 Table 5. 17 (e
Ol dorluuo &g o : LS
 L/(sam’) =5 s Al (g sl il Sl A5 Jaxa Table 5. 20 o
Q.= Ar xLAsm?) |
=(1873x852)x5.10%=0.79m"s
Ul ELL Asgqal! Johmo o WG
L
(s.per)
n=112 & L/s. Per=35 : Lt i aslsll jeasl 44l Juns Table 5.20 oo
Q.=112x 0.0035 =0.392m’/s

Q=nx

: GedlJ! &y o eyt
" Q.=zxPy x & win |
¢ =0.0098 m*s m Al dylll el ol Jana Table 5.19 3
TP, =3[2(4.95+125)]=372m
Q, =37.2 % 0.0098 =0.364 m*/s
Q.=079ms : . 8l s
Gupy L pinall &y 4¢3l 3 ) sa
G =Q.p.Cp(t- 1)
=0.79 x 1.2 x 1.005 . 10° ( 35-25)=9527 w
vy alSl Ayl 5
Qo =Q. p (Wo=Wi) xhy
=0.79x 1.2 (0.0142 - 0.010 )x 2450 10° = 9763 W
G e g Spall Ay 4 (e s

W;=00lkgwv/kgda, & W,=00142 kgwv/kgda
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Table 5.20 Ventilation Rates for Occuprmc_;v and Space Arca

o . . LAs. person Sprze area
Application Smoking Recommended | Mininum | L s.m’)
Apartiment
Average Some 94 4.7 2
Deluxe Some 9.4 47 2
Banking space . Occasional 4.7 3.5 1.0
Barber shops Considerable 7.0 47 1.35
Beauty parlors Occasional 47 35
Brokers board rooms Very heavy 235 9.7 5.2
Cocktail bars Very heavy 19 12 4.0
Corridors 13
Department stores None, 35 2.4 0.26
Director room Extreme. 24 14 4
Drug stores Considerable 47 3.5 1.0
Hotel rooms Heavy 14 12 1.72
 Kitchens 10
Restaurant 10 7.5 21
Residence .19 7 10.4
Laboratories - Some 9.4 7 2
- Meeting room Very heavy 24 | 14 6.5
Offices
General Some 7 47 135
Private None 12 7 1.35
Private Considerable 14 12 1.35
Cafeteria Considerable . | 5.6 4.7 1.0
inning room Considerable 7 5.6 1.35
School room None - 47 3.5 3
Shop, retail None 35 24 3
Theater Some 7 4.7 5
Toilets (exhaust) 104
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5.6 Occupancy Heat Gain Ot e 5,1, 5.6

50 oal aa ) pmen (53 il 3 ) jadl ol Lavie LSl (b i) Al B33
(37C°) pauadl 350 5n Aa 0 (A Aol oyl pusan 0 o 351 all . Al e Baidl
3 )l e Aa ) o Jedy olSall (B o818y (27C° gp 255 Y ) OS5l
pren (o iy A Gl Gk Lad Sl 1 gleld L A i e i Byl
30 - a1l Lghe (palaall i Juag (o3 Apgl pl (S Al 29 5amd Gl
oY1 A5l el Y pin (e Bmaiad) B el sl DS 3 ja b AN Laladl
B0 A [le oS adied Leghe S Jlaie Ll LS | glels ay pady st bl e
Al 5 pall s haie a3 Sl 3 sa A plin gl Cum L pacal g sy LS

oyl Jead Gasay (95801 138 Table5. 21 ) ¢ sa M (S

Table 5.21 Heat Emission for human body, (Wiper)

%ppliclﬁon Sensible(s} and Iatent (1) heat emissions, W,
. at the stated dry-bulb temperatures, °C

15 20 22 24 26
@WOOOEwO0E 0

“IDegree of activity | Typical Totsl

o=

Seated at rest theatre, hotel lounge [ 115 | 100 15 90 25 80 35 75 40 65 50

Light work office, restaurant® 140 | 110 30 100 40 90 50 80 60 70. 70|
Walking slowly | store, bank 160 | 120 40°110 50 100 60 85 75 75 BS
-|Light bench work | factory 235 150 85 130 105 115 120 100 135 80 155
Medium work factory, dance hall | 265 160 105 140 125 12§ 140 105 160 90 175

Heavy work factory 440 | 220 220 190 250 165 275 135 305 105 33

- Y leally (el e (N) Sl Ao A0Sy sy Ao puunalt 31 el iy
Gy = X (Wper)y W (5.28)
gy =n X (Wiper)y W {5.29)
sl gl Gai il (o Kol Aol g s gucndl 5 a0 Jame (W/per) ¢ (Wiper), cosa
' Table 5.21 g ysisy
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Example 5.11
An office has four typists and an overseer, together with two messenger.

Estimate the occupancy heat gain if the space temperature is 24C°,

2o ake Bl 5 ) eadls s Jan agk Typist o} asid LU & 45 waad a t Yof
' (Wiper), =80 W (Wiper);=60 W & t=24C°
Table (5.21) (e lan oidiar ¥l 0 1 Ll

(Wiper), = 85W , (Wiper) = 75xx
i any () pa ks bt 1 LIS

(Wiper),=100 W, (Wiper),= 135 W

7 _ Qe A JleaYiala
oy =4 X80 + Ix 85 + 2 x100 = 605w
oy =4 X60+ 1 x75+2 x]35 =585w

5.7 Lighting Heat Gain Sl oy LSl 5,1,2001 5.7
A Yl e (S e liall 3ol (e i€l 51 all

LeraSy (A, e byl i,ua (s (Sey (An existed system ) p3b Qi : Y 5l
Uoledl (o Hnd A8 pall psiaall O 38 peaay (lisa) GlSall

Quin = D dun #1253 1, : (5.30)

i=] i=}
-W mercury 45 )  tungsten Joill g potibadt & 58 Loy s
oA S Al it e e 1.25 Galacadt Lab it gl il 508 T
o8 e Aadl o 4 New lighting system Basia Belua) allad ¢ Ll
- Ablealt b Ly 5 el 5l e
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Guesy = A, x L, w (5.31)
Gt Al ISl A )i Aalee Ap i
O begale Jpeanl (8ar Y el 038 5 oy pall il L Cull e lay) ALK
o dadh x5l Jead camaly A gause LS 3ol 3 5) ja JTable 5.22

Table 5.22 Typical Lighting Power Density. (W/m®)

Building type L, Wim'
Office 19-25
Store spaces 28-33
Shopping small malls 11-17
Fast food restaurant 14-22
Warehouse storage 11-17
Library 24-29
Public assembly 17-22
Hospital ' 26-29

Ol ye3g0llg Siforadl 5,1,> 5.8
5.8Motors and Equipment Heat Gain

e sl ng g Bgdien DA (e Sl pgigall Asal gy 15 SLSW g SYYE o 3K 2 ol
Gl b e il Sl gl 038 50 US el il Coupling AL vay Sbs o 4 Sl
Bla osSs AB)l 8 G 13 LSV StSaalt Sl A g ol g sadl s At &
2 Ay eVl 8 lSall LeaniSy Al 5 el el (S ISl LendSy
Ol Jaa g0 gall 5 B el Bamalt S 1Y) (T)

Qe = SP/ni w (5.30)
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Table 5.23 Sensible and Latent Heat Emissions From Standard

[ appliances

Dimensions Heat output (kW)

(mm x mm X mm) Sensible  Latent
0] 4]
1620 x 1850 0.5
700 x 1200 0.7
700 x 1200 1.1
850 x 2200 5.8
0.3 0.1
360 x 360 1.2 0.6
380 x 380 1.5 0.4
150 x 280 0.7 0.2
0.7 0.1
0.6 0.1
0.3 0.1
270 x 270 x 541 3.5 7.0
400 x 600 2.8 2.6
1.2 4.8
250 x 300 x 900 3.0 2.7
560 x 360 x 430 4.4 1.1
11.0 11.0

Table 5.24 Average Efficiencies for Electric Motors

Motor Average values for motor efficiency

output {(nm)
rating a.c.
d.c.
p. kW Single Two Three
phase phase phase

1 0.75 | 0.76 0.65- 0.73 0.74
5 3.75] 0.83 0.78 0.84 0.85
10 7.50 | 0.86 0.81 0.87 0.88
20 15 0.88 0.83 0.88 0.90
50 38 0.90 } 0.85 0.91 0.91
75 56 0.92 0.86 0.92 0.92
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O Vianind SV o mall g aany (e gaaadl (Sa i gl 5omadl 538 P Cua
Table 5. 23

394) 56l ¢ o3 Gk Table 24 (o lesle. Jpeaal (asy sl 28 77
-ogipall 5 )38y (Phase ) 41 230 &Sy (2 5ia
RSN A B faal Bamally S g i gt gl lls 1 (2

qe =P (5.33)
CASall g Aa B baall Banally lSall Jaa gt S 1Y (2IT)
9: = (L——ZJP (5.34)
i

< iyl Alla A Caady A paina 51 IS Adlall 6 1 el

(Cooking Equipment ) 4kl cisad j o TV)

Ll 5 s pmsandll 3 52l ity Gas appliances Jall o il dpasdll cilana s i 2

- Table 5.23 8 puils o LS 4ialS 3 )

Ol A i dabie e busals calacall 51 jadt Clus (S0 sldY) Ciad qilsa (V)

s

Qe = As X Wim® ) (5.35)

Table 5. 25 i L Gun 91 dalud pye e JS Sl 3,38 Jana 4 W/m? Cya
Table 25 Equipment Heat Gain Rate, \V?V/uun2

Type of work Environment W/m*
General office with only a few 2.8-11
typewriters , computers
Offices where most workers have P/C | 11-33
Room dedicated to large main frame

Computers 166-555
Laboratories . 55-220
Manufacturing Plant 55-500
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5.9 Heating and Cooling Loads X0y w p31 o Olus 5.9

34 2, Jea wlua e Cooling load calculation Ay il Joo ol : Yol
g 5 el las jlae¥) B
Oaly 3 gcil Transmission through wall %D DA 4 ad NG -
Jala s i padt da s (58 At laall 138y 8 gl y ially d32a )1y ool p331 5 Jald g
i geana WIS 5l sa LISl £ iy
el sl A8 ja (M8 Apu€all 5l ol Glua o Duct Heat Load  Raxad Jax -]
A guina b ga 1S Ay - ghtadl (Dha LSl 50 all Jaa) e 10% a3l iladdly
el Coluaay iy Solar radiation load  pse gl 4itis 3 ) Jea —II
1A Ll el g eadt el de 3k 8 Sl g ) el
Sy dgud o LEY mdan¥l Lo o) g ponall a2V (303) S luas g -1
Loily OISl o ga ISy Dlialh g plally ULl dpedi ) uadll Ly 5 Apa len
' ' Fla U Gy a5 fied
A peall ikl y all (e ] g Y1 e AaniSall 3l s 0 -2
REPEPO- TR, 3% TS
gl e paadd 5o Cuay -3
Lq_,.n_).. S 1Y Gl (zla 0 Lad dad) 2ty Bita e i el aay 4
+ An gean LIS 51 pall o3a i) 1yle
Jea s &3y Infiltration & Ventilation load << $ %9430 Jas hua [V
A gl C¥aea DA e a il ol ggll (3o La Y A ST ity Yol lly g 4y pgsll
wrack @88l A Air change method (LSl ofsa S <l ja 23c 2 Ay A3y puall
O e lal & geill ¥ ane QW3S 5 Floor area rate s M Aalual Zygeill Jona
(e ALl (3 )kl (ya 4y gusaa ¢ 30 208 81 jlualy Occupancy ventilation rate
' « AaalSH 5l adl a3y A guanall 3 jall e, 3
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O ApuaiSall 5 i jalt ‘\-uSs-ua.z Occupancy Heat Gain S JoLs3 ) a -V
oda L Sall 13 (B i) TSl (g gy lll aal i uS) el e el Jlels
SRSy dn guana 5yl pall
1 62 55 cnas 53 g2 gall leall 5,8 il 0 Lighting Load LYl 5 a -V
lisla Beluasdll Ao O CiYaadl LoV (38 ol (K of 5 Al seLua¥l plii oS
A g gdS 3oL}l 551 ja - OIS pladsny
o g gall (e ingia s ) jalt cuilS 13 Equipment Load — &dasad 34 e V11
Bola ot oeln Clane (e Bngia B ) jadl CulS 13] Lol Ay pima 3 ga g Ofanall
- RS 5 ay A guia
Jales cibusan o o Aitidall jabeaddl (o 2alSl g Ao guunall 3,51 a1 a JS pan o35 1 sl
-SHF s gusacalt 5yl jadl
Os 483 Jea 0%y Heating load calculation Lo oo Slus 1 Wil
’ o 251 yealial
(3,4 4agn Transmission heat loss ol yaalt D \Sall e Bagiba sl ja -1
iy il ol s YF el g Mgy . Al 2 g Jala i all da
« A gaae LIS 351 jall 23n Cilpuin N1y
238 31 jall o34 Duct heat loss ellluadl (DIs o) 5l 48 ja daii g ) ja aid —]]
e A puna 5 ja (g gSall 13y Siball 508l e 10% (1 gaa
50> Ventilation & Infiltration heat 10ss <ol g 4yl 30 o ~II1
La o iy A3alS g A gosans 3512 (30 35k lliy oyl y 4y gqill Al 5 gl
2ol Jaa (8 Lie Ba LS
iy Abadl jobuaall e A A0S b ) jally 080 dan guanall 5l jadl Colan Gl ey o3
SHF & guuaall 3 i_jall Jales cibua
RUSTRLPT W W FOPT PR FUIVS. JEVES I TRE 0. [ PYRWRLHE WEQV) WA 1 S
3yl Y ey AlaiaY A T 25l Jles Jay pull Gilluadl Jae Sy @lly (3dad)
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Cohancall 3338 3pa3 2y g3 g ey Wt e diksdll Sl Table 5.26 (33l gl

LSS 3

Table 5.26 Building cooling load Rate

Building application

W/m®

I Loop Buildings :
Quter zone with glass area of

25% 94
50 % 132
75 150
Internal zone 86
Conference hall 150-190
Computer hall 190-380
II Hoteles

Single person room

1.7 KW/ per room

Double person room

2.6 kW/per room

Public room 114-190
Resturant 150 -265
Cafeteria 150-190
1T Malls 132-150
Underground and first floors
Second and upper floors 94132
IV SHOPS 150
V Bank hall 132-176
VI Flat 76-94
VIl Theater 0.18 kW/ Per a seating person
VIH One — stage Buildings :
Motele 76-94
General purpose shop 94-132
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Example 5.11

An educational theatre is located in a Faculty of Engineering at Alexandria.
The dimensions of the theatre are shown in Fig 5.16. The southern side is
facing to the outside of the building, while the northern side is facing to a
corridor which temperature is 29C°. The space above-ceiling temperature is
29C°. The inside conditions are : 25C° db. And 18C°wb. The ambient
conditions are: summer 35C°db and 24C°wb. and winter are 10C°db & 40%
RH. The U- values for walls ceiling, floor, glass and doors are 1.61, 1.74,
1.74 5.9 and 2.09‘,W/m2K respectively. The ceiling height is 3.4m. Calculate
the cooling and heating load for the theatre. Necessary data will be given (or
assumed) throughout the solution.

Corridor ) 14 Seating benches
8 Seatings each
. wooden door -
3.00 x 2.25:m 1.20x2.25 m 1.00x2.25

. 4.95x1.25 ™
35 Glass Widows

Figure 5.16 Plan of the theatre of example 5.11
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Abslaally Lgslusa oSay Transmission load (o} el

G =AxUx(to—tn)
Aigpa Agaia ) V1350 50 Jlad) g Al Astaally &y gusanall 5l jaadt A ALl 5 )1 jal) o
-Ln)uuﬁj_)a\qis“.‘,-rables 27 ‘r’

AT oo Vo

(Dhé Alisiall &)l =]

Table 5.27 : Heat Gain by Transmission for Educational Theatre

Orientation A v bl er
m’ Wm'.C°| C° w

N 18.73 x 3.4-(3x2.25+1.2x2.25) 5243 | 1.61 29-25 338

E 852x34 2897 | 161 2925 | 187

S 1873x3.4-3(495x 1.25) | 45.12 | 161 3525 | 726

w 852x34 2897 1.6 2925 | 187

Ceiling | 18.73x 8.52 159.6 | 1.74 2925 [ 1111

Floor 18.73 x 8.52 159.6 | 1.74 0 0

GlassS | 3(495x 125 18.56 |5.9 10 109.5

Fioor  |3x2.25+1.2x2.25 945 |2.09 3 7.9

Total T 3802W

st ol s a e 10% — 5 lall o3a 308 6 Duct load — lasall 502 ~IT

Lpana i)l gn 16l a5 qq =380 W
. sleadl Gl s Solar gain paadd gl-.‘.‘&t a-i,u.:s.i_,l} I
9, =U, A, At + 4, xq, xSC,

(A)

¢ Lwy=385 W/m® ASH el o Lia5i 13 ik o gl calall e (3585 (puadll ¢ et
b LS At oles (Ko dlha =065 palaiall delas

At, =075

I.a

233
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L= 238 W/m?, SC = 0.65 o Ll il
O i A (b oy el
Jso = 1.6] x45.72 x8.1 + 18.56 x238 x0.65 = 3460 W
A s 31 2 (6lS (oA
Y olmalt d\iﬁ-ﬂ’l_ 3 (i Occupancy Load J&&¥1 3 4 s -[V
Gy = (Wiper), xn = 70 x112 = 7840 W |
gy = (Wiper)y xn =45 x112 = 5040 W
n=112 welaty) 2e 0 dya
=25 C°  5ism Ao p die y 7 puue (o Aal s (pulls (al823U Table 5.23 o
(Wiper); =10 . (Wiper)=45
OSay 3ny g &) QA o Cua Lighting heat gain  dudSall 3pLi 3 o=V
§ ok LS e LYl (o taniSall Jaal) sk

qu=ArxLi=
=(1873x852)x22=3509 W

Li=22W/m® Table 5. 22 3o dabal 8L eliayl Jone Ly Caa
L grana 5l g V1S o

Ventilation Heat Gain sl 52 -V

Quy = 1 (ho — hy) W ® FRL A Y
' Luqgecnl! Ly gl 6l o

Que =M, . Cp. (te tin) W (©)
Qv = Quey ~ Aww = W (D) Aialsl Ay ggdll 5 4 g2

DAY G5kl L o3 QmY/s ol el ApaS s
(N) £l s S pa a2 =1

o = width x fength x height x N
- 3600

N= % i Table 5.18 ;5
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0 = 18.73x8.52x34x05 =0.075m* /s
3600
m, = & - i)ﬂ=o.09:wkg/s
v 0.8
Space area rate method il L ji Jina iy b =2
Q.= A x{L/m?) x 107 m’/s

L/m’ = 1.35 Aalall (SLOU Table 5.20 o
Q.=159.6 x 1.35 x 107 =0.215 m’/s
m,=0.215/0.8=0.269 kg /s

O, = rind % G vina
Coin =0.5L/5mM 30t 820 2 Smfs £4) ey vie ol 233 Table 5. 19 o
372m 3l 3 5830 ke o Cum
Q.=372x194x10%=024m"s
m, =024 +08=0302kg/s
Person ventilation rate <l JELEN L pglll Jina

Crack method (isidli b -3

Q,=n[L/s. per] -
=112x3.5x10%=0.392 ms
m, = 0.392 + 0.8 = 0.49 kg/s

=3.5 aad (uidae ylly m pdl Table 5. 20 e

s.per
(Rises shgp paag S ps1) . Q,=0.392m’/s & m, =0.4%g/s Jiey 4 b
ho=72ki/kg & hi=51kI/Kg :i5 ey Spull aay 3 ey
: ol a3 (AB,C) &¥aleddl 4 sy gaillyy
Qun = 0.49 (72-51).10° = 10348 W
Quo = 0.49 x 1005 ( 35 - 25) =4924 W
Qup = 10348 — 4924 = 5423 W ‘
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Table 5.28 Survey of Cooling Load for The Educational Theatre.

Item qs . W qL . W qe.W
Transmission 3802 - 3802
Solar 3450 - 3450
Occupying 7840 5040 12880
Lighting 3509 - 3509
Ventilation 4924 5423 10348
Ducts 380 : 380
Total 23905 10463 34368
SHF=9 - 2905 _, 4

q, 34368

Heating load il Jas ; Lild
b oe oSy Al Jes 4 Heat loss (s jadt sidall

Oloaall i (o5l s a8 -]

Askeddly amg s Heat loss by transmission
=AU (tn-t) ,

20C°CiR ey 15C° il hall 5 ) ja da 3 pid .+ dpda V1 2 3l el Jlil Jleal pe
' Table 5.29 (8 4ipe ol paadl JA& 32 50dalt 5 51 jall

w

Table 5.29 Heat Loss by Transmission

Side ' N 4] tm—t, Qur
A, m W/m?K c°
N (refer to Table 5.27) [52.43 | 1.61 25-15 =10 844
E 2897 161 25-15 =10 466.4
S - 45.12 [1.61 25-10=15 1090
W 2897 |1.61 25-15=10 466.4
ceiling 1596 |1.74 25-20=5 1389
Floor 1596 |1.74 0 0
Glass 1856 |59 25-10=15 1643
Door 945 2.09 25-15=10 198
Zqy 6097
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Ao pusaa LedS 551 jall 232
Duct heat loss  dilaad) PS5 )l > k& ~1I
qa=(10%) gx ~ 610 W
v Heat loss by ventilation iy 4 sl 53 9kke 52 ~ I
m,=0.49 kg/s 2 all el pedl AES Jame (8 Upen A LS 4y g0l ¥ ama udi U pie ! 13
{ 3ASH ) 53 ghiall 2y 4030 3 g M Addey
Qv =, (h; = hy) .
=0.49(51-18)x10°=16170 W
e lally (Jalall of gell Alad (g iy Sl ddy 55 (e by, By Cua
h,=51,kl/kg & h,=18 ki/kg
Gus) =M. P (tn-1o) (R guanalt ) 33 gikall 2y 93l 51 o
=049 x 1005 (25-10)=7387 W
' ' o ((AalSH ) 3 gkl gl 3 )1 s
Quy = Qv ~ Gut) -
=16170 - 7386 =8783 W
A daw ganaall 3 el
qs = 6097 + 610 + 7387 = 14094 W
SHF A guunall 55y Jalas

SHF"—;- q. _ 14094

7. +q, (B783+14094)
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Problems
5.1Calculate the total thermal resistance and U-value of a 225mm thick
brick wall located in a coastal region. If the area of the wall is 18.6m?
and the inside and outside temperatures are 21 C° and 27C°
respectively. Calculate the transmission heat gain through the wall.

52A window bas a rosistance of 0.002m* K/W and the internal and
external resistances are 0.12 and 0.05 m’K/W, respectively. Calculate
the total resistance and U-value of the window. If the window
dimensions are 0.6m wide and 1.5m high and the inside and outside
temperatures are 21C° and 32C° respectively. Calculate the
transmission heat gain through the window.

5.3Calculate the total solar radiation upon a horizontal surface for a low
lying rural location near Rome if the solar altitude is 55° and solar

 azimuth is 235°.

5.4 Determine the total rédiation incident upon a south facing vertical
surface of a wall in Baghdad if the solar azimuth is 200°,

5.5A south facing top-floor office show in Fig 5.17. The office is
maintained in 22C° db and 50% RH. There are 4 sedentary occupants
and two continuously used computers having power consumptions of
200W. There are 1.25 air change per hour due to the natural
infiltration of outdoor air. The adjacent offices, corridors, and office
below are maintained at the same temperature as the considered

" office. The U-values of glass, wall- ext, wall- int., floor, and roof are
33, 033, 1.7 15 and 04 W/m® C° respectively. The outside
condition are 33C°db and 60% RH. The solar radiation intensity for
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roof is 400 W/m® while absorption factor is 0.4. Iy = 500W/m® and

SC = 0.4. other missed data should be selected. Calculate the cooling
Corridor

foad 3 - s I
5Om -
Ofiice : Office Office
: ‘5.0 m
Height 3.0 m
4 occupants Single-glazed window | | N
3.0m x 2.0 mwith
v - internal blind
> = ) §
z £ , all _g

Figure 5 17 Plan of qﬂ‘ice (problem 5.5)
56 A soutlln ~ facing Cairo office of 6m x6m x 3m high has a single- glassed
clear flat window opening of 10m”. The surrounding rooms are all sﬁnil&.
The are 3 occupant emitting 90W and 4 electric items of 150W each. The
ventilation rate is 1 air change per hour. The U-values of glass, Ext-wall, Int.
wall, floor- ceiling are, 5,7, 0.4, 1.7, 1.7, and 1.7 W/m’C, respectively. The
peak solar irradiance on a south- facing vertical window is 710 W/m?, and
for the wall is 200 W/m”. the absorption coefficient a is 0.6 and SC = 0.4,
The outside conditions are : 40C°db, 60%RH
The inside condition are : 25C°db, 50% RH.
The outside conditions (winter) , 15C°db & 30% RH.
Calculate the heating and cooling loads. '

121



5.7A pubic hall 20m x 30m x 5Sm high serving 500 person is located in
Zagazig. The inside conditions are 24C°db and 50%RH. The outside
conditions are 38C°db and 70% RH summer, and 15C°db and 40%RH.
winter . The outside air per occupant is 0.005m%/s. the U- values for
external and internal walls roof, floor, and glass are 1,1.1 1.7, 1.7 and 4
W/mZCf’. the lighting power is 10kW. The peak solar irradiance for roof
eastern, and western sides are 400, 500 and 600 W/m? respectively.
While [y = 350W/m® the absorption factor a = 0.5 and SC = 0.4 the hali
is equipped with 4 aluminum double- glassed windows 5m x 1.5m each
as shown in Fig 5.18.The adjacent spaces have the same temperature as
the considered hall. Calculate the cooling and heating loads.

ESCAPE
N N
) - ’ N
WINDOWS DOUBLE GLAZED)| '
VENETIAN BLIND iN GAF ™\ .
g w
PUBLIC HALL
10 sEAT
s00 s
260mm CAVITY
WALLS. PLASTERED,
T LIGHT FINISH
20m
%]ﬂ
PLAN
e —1 |.
v %4 i
VESTIBULE (AR (OCK} ENTRANCE
CLOAXS ETC.

Figure 5.18 Plan of public hall proklem 5.7
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5.8Determine the cooling and heating loads. for the house as show in Fig
5.19. The sumimer conditio_ns are: 35C°db, 24C°wb. The winter conditio:
are: 12C°db & 40%RH. The inside conditions are 23db & 50% RH. Use
the crack method to compute the infiltration heat loss or gain. 4 persons
are living in the house. The U-values for walls, windows, doors, roof,
floors are 1,2, 1.1, 1.7, and 7, respectively. The height of the walls is 4m.
An assumed design wind speed of 10km/h. Peak solar irradiance for
ceiling, Northern, Eastern, Western and Southern are 400, 150, 200, 250,
300W/m”. For glass I, = 380 W/m?. The absorption factor a = 0.5 , while
SC = 0.3. Dimension. of windows as follows : WI. (4m x 2m), W2: (2mx
2m), W3: (1.5m = 1.2), W4 : (1.5m x 1m), W5: (Im x1.2m), W6 : (0.7m
x0.8m), W7: (1.5mx 2m), W8: (3m= 2m). All doors have the dimension
of 1m x 2m. Lighting heat is to be assumed based on rates considered.

a BED ROOM # 1 LIVING ROOM DINING ROOM| .
[vi
B
w5 - (WE 20 [ .-~ W2
45
N
A

Figure 5.19Plan of a House problem 3.8
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SPACE THERMAL BALANCE
SUPPLY AIR CONDITIONS

General doJd

Sensible 4 g b5l ja CulSh o g (lelid) aciy o (Uso YIS LpuiSs (2l 5 js
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6.1 Space Air Balance OSedd (5,128 IV 6.1

Ay Jolas () cam (G)r +(Gu)r NSl AnniSall i B gl 5l o s )b O 5

O Aol LS (Sayy 1Sl (51l 30 Fig (6-1) s (gi)s +(gs)s 23t o) 5
: us'ms

g, e
—q-: gain or loss = q, 6.1

3l 38k o e (6.1} slaall

q 9, .
g,+q,) == g +q, ), ©2)

ad 1l 50 s Lgiand S Gain or loss (ASall Alaud g 33kl g & uilall 5 ) sl
A Al e Al o1yn Lge iy o Logapaiay (305 ) sl g Room  load
3 sl B3 o camy 5 0 G5l Supply energy(s)

( 1, J=( g, J .
q1+q: R ql+q.\' s ()

(a)mu,s.sﬁg 62gy,§w|«h}gs(63)mwﬂ‘wuytmu.&

3y all (R.A)Jn.n,(q,)R 3 _jall L gusaall 5 jall (A-S).L_;.H Sy Al Ay
-

ol s @3 e g+ Gy Jr S IS 551 el (S-R) Jaadly (gy)g Al dua<H

q. _line AS
q,+9q,), IlineRS (64)
-\-\a-_i-LA-“ 13 .Room lil]Ci_);Aj“-hi l_)\ae'a'al Ji ,_,ls...\l-‘t..-_,.nall EJ\_);.“ Jas (o SR

a8l ool gl 43l e gn Alls @3S 5 SN Al Gyl oanad 53 A8, el g Alla
RSHF 2 5l L gasdll 5,5 jall Jalas 3205 COS ¢
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Figure 6.1 Heat balance of space.

Figure 6.2 Development of room sensible heat factor

Figure 6.3 Room line for space subjected to sensible and latent heats gain
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g,
HF = = 6.5
RS CoS @ ( 7,+q. L (6.5)

St =0 s, 5 Lo

RSHF =1 3 (s 3w goenall 55l (5 o SN 5 41 all

of ol Anal&N 5l jadt (g g AN 5 )l a¥ o (o Qy = 0 B guanall B ) pal S 1Y)
Md,ﬁ’lu.fi_)ll ool e disie A gundll 541 pall Julaad 2iki i) 2 @ RSHF = 0
Ui kS iy ey Ay a1ty o a3 Cias e iy (g i ) Ay s
Y] SV e ol all Sl

Sensible and latent heats gain 4idS 5} s y 4 guucrea 5l o bl 1

Lelics 4 Al ol gn Ala A0S B )l g Aun gunna 30 Sl iy Caim s pL il fia
e 30 Dla S5 o cang A3 Ahe Zyghyg 55 dp il Fig 63 5 R A Lis
‘Room line 4i_all 1a s S-R baall (155 dssk My 5 pall 45 i Bl (S) 4kl

Loss of sensible and latent heats 4S5 ) oy dupucna 5 jma 2id 1 JT
ia p @l oay Fig 6.4 (3 R Ahiilly i 25015 ) o 4o 0 558 Cun st pl ki 13 a
(S) Ay Alias 235N ol a nbaimﬁlsp.mz_,,;)@ﬂ_g&uﬁ
Lpal dod b S-R bl (5555 Ale Aysh ) iy Alle 5 o As 0 D (0S5 o caand
) .Room line
Las ) m il g s g B o cpba®: 11T

Sensible heat gain and latent heat loss
e b a0 @b ag Fig 6.5 3 adall el n Ua 55 (R) Aaii ANt 0 o3
055 Of o (S) Ay Afiee a3l 19 AMs o Lin 81 13 My Lumidie Al s L i

A8 all laa ga S-R dadll rranayy Adlle gk Andy dadiiie 5 i jm A0 id
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Higher temperature

& %on,
/ing
Lower moisture
content

Figure 6.6 Room line for space subjected to sensible heat loss and latent hegt gain
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LatS 330 iy Luaginns 3o 388 2TV

Sensible heat loss and latent heat gain
Ainiiie sy da p il 2y Fig 6.6 (8 4l ol g Alla J'w(R)i\.hi.\!H.n;!\ 0dntt d
da 3 QI3 p88 f cond Aall 1 n Ala oA (S) G Ll 1Y A Adle Aygho ) Ay
4l dai SR Lal L»,,s,,m_‘a..,gz;;;,‘u\; SN

LM‘B‘P 0}'}?’ 4?).3 J\JM 6.1

6.2 Determination of Supply Air Temperatare ts

dal e L (tr) 41 A 0 Al GIS (gg) — ks n gsenal nsg‘)—an ,d,-—{h“ o<
(mg) L laia ol gedl (o el ol gedl 395 umy ARG ARl 50 )2 A 0 “—-‘f— A_Lilaal
A5l A gl 5yl gen e s () Ui 5 ym G

ge=m Cp(tr-t;) kW : - (66)

=pQC,(tr-t) kW 67

p=12kg/m’ Cua (t=20C° ) Lt gl ol g S o

Cp =101 kI/kg K (£=20C?) apdsll Loy plall i of el @Jﬂfful C,

s, ¥ ol s Q
¢ e Jaani (6-7) Asladll i AL ol puiny

273420 ' ' '
gs = (273_”3 )xl‘leQ(tR—ts) kW
t . E
= 360 x Q x 2—75—+373— kW . (6.8)
lisa Q 4310 ¢ gh Jona yiad
273 + ¢
45(273 +1t5) e (69)

T 360 (1, —1y)

s il o1 5h 5y Ay 3303 (e iy jee 23850 ol G5 Jane S 13}
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360 O xt, ~273 g
s 360 Q + g,

Ll ol ga Jame and (Sag ol e g 1>ty b 1153 A8all s b

g5 x (373 +ty)
360 (1, —1,)

,C° (6.10)

m'/s 6.11)
le il 4gasall c.]-_,d 5J|)a3.§‘p

3600 x 1, +273q;
=122 R T17ES o
3600—g. , (6.12)

S
ASYI Glan gl o535 (612 ) I (6.6 ) 0 ¥alad b
gs (kW), & Q(mYs), & ts, t(C°)

.UMLUI l-.i_,_)k \A-‘h—",tki.)‘)ﬂ!%ﬁ
slop G5 Jama colSall (6 pall daalt Cililua o a5 usmsianall (5 ) p—all Jsad
il of 100% At 0 ol gel Anai Caild 13 Sl Ay gl SV ama e ieay Q Rk
ALl Dl pasiad] 75% A @l)-" ol gedl 25% Apuis Al 4y gendll o) g4 Ai
LA s 1gh Lghoy dund g2 6.3

6.3 Determination of Humidity Ratio Ws

P Q1 Sl 5 all 5 ga W L3N ol g & gl y dgeni 2385
q =P QO(Ws W) hy, kW (6.13)
Alsladlls saa5y 4l ol ga LS 5 Sys
o g B2 3
2273 41y kg/m

LU o 1.19 kg/m® (gt 20C° 5 i Aa o die of s ol WG S ooa pyy o Ciay
L
273 +1, <7

yej

130



hg = 2450 kI/kg. bl o1 sel] Lo 50 2SN 20 B
e Jeani (6.13) Wles i hg ¢ £ e JU Apaall 2l o geills
_ 855000

q,—mex(Ws—W‘), kW (6.14)
Astadl el 860000 o3 i 855000 o3} Jsiseed (Say 0.5% (53235 ¥ Uk iy
860000 ' C
- Wy -W,),
[¢]} (273 +IS)XQX( s &) kW {6.15)

5 iusa iy (i35 ) LelSl 351 jally ogs Aun gl 5150l a NS o g pmall e
83930 035 O ong olpell a3 enl (S A Lagia S pleae il il e ol iy
ol L L2 pas oSy —Jumbia oy (B 4oy e 138 — A5 clh ( pSad Sy
dsh il b il y Thermostat. 5/ sall da» pfaia lgg g bl p—all s s o
ha o gl Sl il 8 W leceys Lk g Humidistat 4 sho pd) sSaia Lgs ooy

gl i

Examp7e 6.1

An office has a sensible heat gain of 10kW when a room temperature is
20C°db. Calculate the necessary volumetric flow rate of supply air to
maintain the room at the design temperature when supply air can be at
10C°.

6.9 Aaladll Sy

q,(273 4+ 15)

Q=
360(1‘” -t )

10273 +10)

= - =0.79, m/s
360 (20 - 10)
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Example 6.2
A music hall is 25mx 20mx5m, is maintained at 20 C°db and has 5,air.

changes per hour of cooled outdoor air supplied at 15 C°db. Calculate the

maximum cooling load that equipment can meet.

N, air - change 3 1h
= xVm * x 3
0=—""" 3600 m'ls

=5x25x20x5 x_\_=3472ms
3600
gs(273+ 1)
Q= 360(t, — 1, )

qs(273 +15)
347= 360(20 - 15)

gy =21.70 | kW

[Example 6.3
¥ An open office is 20, X 15, X3,, It is maintained at 15C°db 50% RH and
has & changes per hour of supply air for both summer and winter. The room
sensible heat gain ( summer) and loss ( winter) is the 38000W. Calculate the

supply air temperature.

Q s olp 100% Linsiy Aaaal ¢l gh Jana
N 1

= —xVx

h 3600
= 8x{20x15x3)x

1
3600

=2m's

ts Uaea A0l el ga 30 a 32 0
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360 x O xt, ~273 q4.
s 360 O + g

_ 360 x 2 x18 - 273 x 38

= 3,41C°
360 x 2 +38

t,
. ts telid A353 clya 5 s Aa
_360xQOxt, +273g;, ‘
s 360x 0~ g

~ 360x2x18+273x38
360x2-38

o Al ol 58 5 ) g da o

=34,2C°

Examp e 6.4

A space to' be maintained at 25C°db and 50%RH has a sensible heat gain of
32,83kW and a latent heat gain of 6,155kW, An air supply of 2,36m’s is
provided. Determine the supply dry and wet bulb temperature.

ts Aasal el gh 350 ya A 3 plann ol ggh 03} AndiSa 5 all of i

(= 360 x (O xt, —273 x q,
$ 360 0+ g,

360x2,36x25-273x3283
B 360x236+32.82

14C°

Ll o gel ALl 3 jadl A 0 Bid Ay
oAl dals waas (K013 13 p8le 5 geay Wa0ad (Say Y Agda A0 61 0h B 0m Aa
5l padl Aa > ae Leabiaat ad 5 sk ooy WS dashe b A La oYl &daa ) ol gl

A5l o ggd A0 551 pall Ao 5 35385 (S 0,y Sl Al 3 et Adlal
(6.15) Aobaall a 23a5 2030 o) gel 4y 5dn 5l dn

86000

q,:mex(Wk—WS)

6,155= 58000 o36wawm,

(273 +14)
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o AW, =8,7036 10" kg wv/kg da.
(oo latihan) R i Whics 46 el Alla (1 303 Fig 6.7 (5 ey ySanll Lo yiu (e
te=25C° ., ¢50% RH .
, 3R 1 gn Alad Ay gle Ao |55 Lgeg olai¥VYy
We=0.010 kg wv/kgda.
Ws=9.13.107 , kg wv/ kg. da.
| - Om S () At 3203 5 iy ) Aoy o e
ts= 14C°db , W5 =9.12.10% kg wv/ kg d.a.
Ada Y 3830 €190 5 o A o 333D 5 ey jSuall Ung i (0

ts = 12,5C°wb
RSHF i jall s yusnalt 35l jall Jalae
RSgF=_3s __ 328 _o
go+q, 3283+6]155
Of Luagl a3 diey
bg=51, kJ/kg hs=35, ki/kg
Room load q ai all 5l sl Jaadt
Room load =m, ( hg - hs )
=236 (51-35)=37.76, kW
nall I (5 ) sadl Jandi
9=49stq
= 32,83 +6,155 =39, kW
PURR JPR N [ P
Error= w:s.z%
39 '

Ol das ) Say RSHF = 0.84 2l L of Ll 5
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7 pp—, T
oo Sl s Und oy By ghall 3510} sl a5 (6.5) Aataal e RSHF dad 20 a5 -]
0.84 Aaii aie uaf¥) gy pally S all
RoomlinéuﬂthQ,sgu\ lagd L ga Und pae i R il o -2
. . (6.10)-:;@;,.tsz.uwu,upa.,ﬁm-s
U A5l 5 8 5 g S Al Y pad
S Aalall 530 W saa5 dia y Ayl cish Ala Jans 36 il Jai gty S b A
(6.15) Wolaall e Wapad
(6.5) stadl o RSHF 2 3323 -1
S \@idiaal guide or reference point At g sael el Adaiil a5 pe a2
$= 50% ke e b yaa by Aia a3 o tay = 24C° 50% RH ) 4oy 28
s e Sl i b (gl puall sl (o RSHF daf 302 -3
xwtu,mx.,\...;wm.m,@,muhnsnfé,.u_ps._s,....j-‘t
.Guide RSHF line
et Jasll 30 9o i pue 3 R Ll 30 -5
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Problems

6.1 A space has a sensible ami iatent heat gain of 24.33, kW and 9.1, kW
respectively . Determine the RSHF.

6.2 A ducted warm air beating system serves a pubic hall of 18m x 11m x
4m. It is maintained at 20C°db and bas 1.5 air changes’h of re-circulated air
supplied at 30C°db. Calculate heat foss from the building that the system can

6.3 A room has a sensible and latent heats gain of 5.86m, kW and 2.64, kW.
Respectively. The room design conditions are 25C°db and SO%RH. Supply
air is delivered at 15C°db. Determine the required supply air flow rate. What
will be the supplyairwetbxxlﬁt:empaanne? ‘

64 A room has design conditions of 26C°db. and 50% RH and a room
sensible and latent heat gains of 5.28, kW and 2.34, kW respectively. An air
conditioning unit supplied 0.425m%s of air to the room at 14.5C°db and
133C°wb. Will the unit maintain the room design DB and WB? What are
the approximate conditions maintained in the room?
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AIR TREATMENT CYCLES
PSYCHOMETRIC CYCLES
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General . o
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0o tmilia (5 fne 55 Y e sl @l g CapCll dealad) (SLYT N Ay Sy
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ol el LA liall Aal oy Sl 03 Jals Jaell Do g e 58 Ay Sdiony o) g3
il b Sy (5 e Sl Ay A o A (K lilexdl 038 & sana o2 LS
.Psychometric cycles s _ias Spdl il g2

Tomp a3 ol sh plaiiul o G ClaSatall Gl Jala Jeall dap ey aaalyy
B elogr ALY 238 35T ) g lGad Ma lilliadl (8 deadl dapl ol Sisa s 100%
AUl laaa By Jabeall any QS gl o e g oS0 sl LS e LA
s b AT il Je 100% fedy 2 el g oSWY Lghas e i 3,30
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£ 19gl! ChnesS Lodiil yolie 7.7

7.1 Air Conditioning System Components
el el LS it U gSa e Gl e MY A0 ol g Asdlea o Aculs dad
dan o geaie S o sine Ol B dpatilly Sl ple S a Ay s 5 g
DAY LS e s gind el gell Cap€s Aadail adae
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_ . All- Water A/C System S pla 1 g0 Cigs ol *

4 Boler 4.,)\.1& b O Ll ] WSS oL plagiut 3 Fig 7.1 a1 a 3
¢S -Water chiller aus 3358 dase o ke by bl mulliaa y (S e 3 0y
Terminal unit 4 k)l Cilaa o Y Pump dadls D e 30 Galdt pU =i
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Aol 5 08l Jay 4 sl 4y ila (35 f Liad sSas Fumnace o8 0588 O Sy
Pha ge by Fan (2) day e Uaul y; Aadd oy Galadl el ped) gy e e W2
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To other Room

£ =
Terminal

unit
Heating Cooting
source source
X :
From other

rooms
Figure 7.1 Basic components arrangement of all - water cooling and

heating system.

Outdoor q
air
2| @ Supply air duct
E] 2 To other
g £ rooms
< g
[}
Exhaust —
air i o .
0 H diffuser
Return air fan Retum air duct
toptionsl) From other
J‘O-— rooms

Figure 7.2 Basic components arrangement of an al -\ air cooling and

heating system
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G dal oo lls; Outdoor air intake (7) sa el o) 36 Jadar 3550 Liad plaidl
o Fresh air sl olsed n il 23 53l aasdl 138 LCapill o) gd Alial 02 5
gl e DA (o 4smues 3y Return - air ol i elsell o 41 1sbes pas 25k
om0k i i Return air fan gal ¥ elsell &y o Al Retun air duct (6)
. Exhaust air duct (8) 3k}l dllas D&
32 e el 25 Adr filter (9) iy L 3330 oLl o 45 LEY) pa e
c¥l JS4 e W gy Humidifier (10) w5 wiane dl iy =Ll iy,
cila o oy it 45 35 4 Sprayed water g ya sl s Air washer ols-a
s 34,30
S 51 b S Ciandlt Sl
OiasS pailugy g M Jo e -2 (Optional ) Pre-heater paii S ®
3 A oLl saas Qinki s (5 skl ialt e JA) 3L el gl i) (S5
| Ul jealic gy ppulga A »
2, ghc aay paiiyg 3 i Lebad Ulaw 0455 8 Re-heater FE-SPRC EU
Aal il iyl I A el ga 3 s Aoy dseasll
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b ey ol A8 plasiily ygad 090 7.3.1
7.3.1 Humidifier and re-heater winter A/C cycle.
Gy oo lal o) pdi paatu 3 sl o8 A Fig 7.3 e s oda Al 2 o SBayy

To s ool ooy A 5 gl an 5 ey Sl Ky i (o (0) A (5 100%
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db.

Oudoor Eoui may be or
ar
L !
i g 0 Fan Supply air duet
0 E 2 p|a
= 3 2 - To other
) & g - rooms
< 3 g
Exhaust
o =) @ =
Return air fan Retwrn air duet )
(optional} .
(} From other
rooms

Figure 7.3 Humidifier, and re- heater winter A/C cycie
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7.3.2 Pre-heater, humidifier and re-heater A/C winter cycle
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Figure 7.4 Pre- heater, humidifier and re-heater winter A/C cycle

145



- (Wo = const) Ll Usa a3 (O) Aail (e -7
Ay el Akl el A ek e (Balaly Cumy Ui s i (W) Ak e -8
i b elpell Ada Jand (O) Ak (o pgm ol BV bl o ol o W
.Pre-heating ¥ oaadll Alei (P)

t T 2385 (s fia s Samll Aday i (e

25l sl Jaadi -1

Room load = m, (hs - hg), kw (1.5)
Pre- heater capacity aaiiall jlaudl Zew =2
gucr=m, (hp —ho) kW - (7.6)
Re-heater capacity, _aliadl jlaadl daw =3
Quen =m, (hs —hw ), kW (7.7
A P e gl ela 438 -4
my =, ( Ww—W,) , kg /s. (7.8)

5 et s o A WY A sl il edsel 3035 O s Ll G 55l 20 G
ST 00 il ISl b5 el Ll Appla i B oSailt ol A Aag s e Ll
A g
e (g (b 5 B8 0 o1y #ladl Rigrd 890 7.3.3

- 7.3.3 Return air, humidifier, and re-heater A/C winter cycle.
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Figure 7.5 Return air, humidifier and re- heater winter A/C cyclé
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7.3.4 Return air, pre- heater, humidifier, and re-heater A/C
winter cycle
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Feom ethar

Figure 7.6 Return air, pre- heater, kumidifier, re-heater winter A

cycle.
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Figure 7.7 100% outside, cooling coil and re- heater summer A/C cycle.
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Abyadl e (R) ¢ (O) Ul o855 25 .1
Ayt dad puayi g RSHF 48 jadl s guanalt 5 51 jall Julae Cobiaa 2
LSl g el 1 T Y olea (e (tg, W) dutadll Vs Slas 25 .3
ity Ragly Lyu ) Und pan 35 5 i jSgudl Uy il (Y1 5 paall s 4
S) ks 8 46 8k o gl
sinia gy (g il giade ooty L) Uni psa i (S) Akl s 5
(W) ihis 8 ¢ =90%
Cooling coil process line a3l L_'IL:L,!LGL'ALM(O._’M sl
Y aaas Aoy jall e
Room load 4 all (5 jall Jasll

Room load = m, (hg — hs} , kW (7.12)
Cooling coil capacity Qe 28l <ile dnai
dec =M (o — hw ), KW (7.13)
Heating coil capacity Quc ¢adadll ale daw
Qrc = M, (hs — hw), kW (7.14)
My, A3 &yl 4
mw =m, { Wo- Wy ) | kg /s (7.15)

Ale oy i Calo o é;_vl.) slgn Ierf.A:'r.Lal.g Ao 8,9 7.4.2

7.4.2 Return Air, cooling coil and re-heater A/C summer cycle
ST (O) Ul twh Akt oAl ed 3l 551 oy (1555 Latic 553 034 pakas
U JPRESTNE | PR Fig 7.8 A puage s LS (R) A jalt o5l Lgilia e
A & aal ) el ggll ae Jalay 5 (25%) dpuaiy (O) ailta A ol elggll e Sas
Ay ke (Jo ye (M) Aladl (4 e gl (M) dailly blall da e gy (R)
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Figure 7.8 Return air, cooling coil and re- heater summer A/C cycle.
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LSl (5 el Y Y slae (pa 2aa5 A (S) ANall a (e g (i ilen)
(Y a3 59l Ly M el ap0a3)
(R) @il el g Ala g (O) o2l el pell As -1
QS 5 a0 Jeol s gl sl ol -2
oA ol a gl i el pglt ki Aoy Qs o Ayl Jana -3
i (AT I
s S S Ty 5 e (R) ¢ (O) Ruil g 1
(OR) Jsl o WISh SYabas pladial 3y b (gl (M) A0 o555 5 -2
e Ajall s g iy Uamg g RSHF 3ol o pussiall 3 51 jall Jalna 30035 o33 -3
_ RSHF 4ajis Ugaiuns (R) 2k
LS 5 had Y Y ke Aaal s (S) Al Ala el 03 -4
a5 3t Ay Laby Uik s i (5 fim g pSad) Wy pid (EBY) gandll (po -5
-(S) LM ¢t g Ala 2323 dkis S RSHF 43 il had ghaiy
o $=90% inia plaidh pulill iaia sladl g Ll Uni e 3 (S) Aol (n -6
‘ (W) Qs
.Coil process line ilall lac Jas  Jangd (W) s (M) i Joaii -7
1Y 2aas ey il e
Room load il 5 ol Jasd

Bnaw load = m, (hg- hs ), kW
Cooling Coil Capacity goc il <ile dew

Rac =, Gy D), kW
Heating coil Copacity quc  cpddt ile daw

= 1, s — o), kW,

AN 5 LSl e a5 3ol o3
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(Sl 1Y s Tan oluskin! 7.4.3
7.4.3 The use of by — passed air

26 ile e galy s1ga aladtnly Jlall g LS Luisall ofpqll datles il s any b
Aian 4385 il e ol 34855 a1 bty (Fig 7.8 alkia iy
EI el gl Aadl oda 5 anl i el gell (oilall 1 a1 sladialy olly 345 Sy
Fig 7.9 & ome s L& Ry, Rx O o) pully o AN ol gedl pa adalid Gacaddl
s gl J5is ol Gila e ey 5 oA el sedl e 4kls 3 Ry ¢ all
MW ol
Uadl el pn Ula 2 dilla GALRX ¢ all ae 4bals 25y (W) Lall A mlleall ol g6t
gy (S) Al oo Bl Do (585 ¢ 3yl e G asm Lusla o)l e &5 oS5 (R)
WS Jailly Gl Uil 5 Sy 3 81 il (e et} 5 38 055
- 3385 (5 e g Sl Ay A (g
Room load 4 il (Jaa

Room load = m, (hg- hs) , kW
Qec 3l Cile da

qec = my (hy — hw)

Example 7.1
A given space of 15m x 20m x 6m, having 2 air change /h, is to be

maintained at 25:5C°db & 15C°wb. The total heat gain to the space has
been determined to be 17.6 kW, of which 12,3kW 1s séqgib]e. The, . &
outdoor requirement of occupants is 0.25m’/s. The outdoor has a
temperature and relative humldxty ¢f32 C°db and 60%,wrespect1vely
Determine the quantlty and s}ate of alr supphed to the ébace and the
required capacity of the coohnﬁ and dehumldlfymg equ:pmem and re-

heater capaclty e
| adidiad b b (LR
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Figure 7.9 The use of By- Passed Return air
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RsHF =95 2123 ¢4
g, 176
Fig 7.10 0 (O ) il 2 lall el gell Lol s
tp=32C° . RH=60%,  ho=78kJ/kg, Wo =0.018 &%

kgda
(R) ki &2l 158 Galsa

tao = 25.5C°, twy = 18C° , hg = 51kJ/kg ~ wg=0.01 282
kgd .a

Q, m/s o slball 3l ol 4a PERN

Y

_15x20x6x2
3600

kg /s, m; sl el ga Apas
m‘—_:le p—_-

=1x12=12, ke
kg/s,my a kal el sed) a8
me=025x12=03, kg/s
kgfs, MR pal i b gel) A
mg = My — Mo
=12-03=09,kg's
, hy daaladt Lttt
m; .hy = mohg + mg. hg
12hy=03.78+09x51
hy = 57.75 , kl/kg _
R-O hall g hyy = 57.75 Jad ools la2asy M ik
| ts Laaill el ga 3yl n Aa
(o 360x0, %1 =273,
3600, +4;

360x1x25.5-273x12.3
B 360x1+123

=1564,C°
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CRPETIRPRE A AR T

860000 -
= ——xQ x (W, -W
@ gy < Ox Wa =)
3o 8600 oo
273+15.64

Ws= 00082, kgwv/kgda
o Fag Saadl Ay A e A ) AR yaas)
oo 0.7 Ly ((tgy = 24C° & 50%) Gpull AWy Sy Uni i -1
ool Bl e Jaan A guiandll 550 el Jales g
-Room line 4 jalt ba Je Jeaash ouldll il 3l ga Usid iy R Al (50 -2
i 8 43al bad pdad Ll ) Uni it = 15.64C° ey Y1 sl (1a -3
A g Wl S a s (S)
inie ks ia Ws = 0.0082 kg / kg sic Ll Uni pun i S L (ya -4
SEM el D& 31 Gl oyl 5y A 0, (d) Ak 3 §=90%
1SS 5 gl iy
(M) oo Llall Uali S5 MR 4GES ol ol ga ae Jaldg mg S o jlidl o 5
sl g 45l A paisdd ol cile ey M Alla A my 4ES 530 ol sl
uis..aa,glws..sgensw(d)mwuﬂ!uL)auAL;umagulbus
{S) wtm@,@w\ Da ekl Sl Lad gy L guass
il Gl Zans
Gec = My ( by~ ha)
=1,2{(57.75-32)=309,kW
B REY SURES
mw:ma(ywk’ Ws)

=1,2(0.012 - 0.0082) =456.10" L ke/s -
Sabiall it Cale da
quc =m, (hs —ha )

=12(36-32)=48kW
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Example 7-2

Space to be maintained at 24C°db and 50% RH. Heat lusses from the
space are 66kW sensible and 16.5 kW latent. The outdoor air required is
0.9m*s and is at 10C°db and 60% RH. Determine the quantities of air
supplied at 40C°db, the state of supply air, the size of furnace, or heating
coil, and the humidifier characteristics.

g5 , )
RSHF =35 Tguadd 5l e
g5+ B e

66+16.5

= (R) sk Joai Fig 7.1, Zoulll il D lo Lighia (R) Bjall 3 ol sgll Al
o3 b Guhiy s3ll) B all bad e Juans T guanall 351 el Jalns g5 e 0.8

L pkally bl ) Ul g yifs = 40C° xic y (BY1 jyadl g o (ool Jadli aa Dl
Al el s Uls o8 A (S) A 5 Room line 48 5l

Q el gedl LS (30 (6.9) Abslaall 3a%y

08

- 8 (T3+55)

360(r; —1,)
_ 66(273 +40) _ 359.m*/s
360 (40 — 24)
v, =0.902m* kg o5 paal :wlﬁh'.ﬁs & e g Sl day )3 e
m, = Q/v=3.59/0.902 = 3.97, kg/s m, ol gell a8 22a5

coa AN elselly pal N ehagll (s U5 S § pana (s gl ALSH 38
ma=n1(o)+mk

397= Q +mg
vo, .

v, = 0.806m" [kg o sl el sell oo gl paall s sing Soudh Ahay s (n

397=_92
0.806

+mg
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mg=2.85 kg/s mg :eai o) sell LS
Flhll hia 55l Bk Talad Aa alay Y
M. hy = mo.ho + my. hg (03]
I (5 e s pSamall Ay yo (e
ho=21kJ /kg & hg=48,kl/kg
by e deani (1) (& el
3,97 hm=(0.9/0.806) 21 +2.85 x 48
hyy = 4036, kJ /kg
4k OR bali ahi) Sa hy=40.36 kJ/kg Wil SV gy 0 e Usd pau i
Al M maay M ALE elell M Ll ol s a8 ge asi (M) pdali
(B 95%) (siaia gy Sa 14.2C° b jfaia L 1 5 ol Ao s il cuda 5
(S) A 3 A3l Ula IW (o 1 gell (o g i Dylae 5 ya5 ey (W) Al
oani Ay jadl e
gu.c =m, (hs — hw)
=3.97 (69-40.36) = 113.7, kW
' o gl &6 5t a
My = My (Ww ~ W)
=3,97 (0.10 - 0.008) = 7.94 kg/s.

Example 7.3

An air- conditioning plant comprising outside air in take, re- circulated
air, mixing chamber sprayed cooler coil, supply fan ducting handles a
total of 1.26 kg/s of air. Thé cooler receives 20%by mass of fresh air at
28C°db, 20C°wb and 80% of re-circulated air at 22C°db, 50%RH. The
space suffers a sensible gains of 10.57 kW and latent gains of 3.24 kW,
then calculate the supply air conditions. If the sensible gain diminishes to
5kW, while the latent gain remaining constant, détermine the cooler

capacity for partially load conditions.
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(R) « (O) <M ol gs 155 Fig 712 M g o
ho = 58 kJ/kg Wo =0,01125 kg wvkgd.a
hg =44, kj/kg . Wr=0.0083 kgwv kgda

| 358 Gl o 4585 J5 ( Jlsl) ol el Lultil
hy =02 ho + 0.8hg '
=02x58+0.8x44=47, kI/kg
M Ak (A R.O bha phid 47 kI / kg Aaf aie LG g p% (e Uad g i
5 fin g Sl Ay 3 (3o Wiy = 0,0087 kg wv/ kg d.a o 10 4ia g Jalall 20 a
v=0846 m’kg Ll clygl oyl panll o 1,8

. m’fs, Q elyedl 353 Jaee ..
Q=mxv=125x0846=107m’fs :
’ (Ws ) « tg Laah ol pp Alla 2a5

360 XQxt, ~273q, _ 360x1.07x22-273x11.57

5 =134,C°
3600 + g 360x1.07+11,57
_ B60000x Oy, — W)
! 273+
304 860000x1.07 x(0.0083 - W)
) 273+134

Ws=7.29-10°  kgwv/kgda.
RSHF i jall Zus guunalt 5 51 jall Jalaa
qs 11,57

RSHF:m=m=O.78
' : Room line % il ki olaai R 4aki pa (S) 4bis Jua
odadll oS 13 Ruline gaelll Jadi GL&,.SHF=0.78 e Apuiil AR s
Okl Lk e piga 130y Oy )55
s oay () s 3 g = 90% (giniall gy S Ll Und pua ) (S) At (50
(‘dﬁ) Alaall (DU sk A3y olsedl 055 i 358 Gl el gl 5 0las
gcc=m, ( hy-ha) ‘ 2l Cale dr

S 126(47-29)=22.68,kW .
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5 5 Ayl 55 o el s o3 B ed e i e o S0 Fend
Qric e aall 12 Halie i DBl sany 055
que=my { hs~ha)
~ 126 (32-29)=3.78, kW
Ll ol gl A S5 i 25 3 haal Al 3

RSHF = —1s D 06l
q.+q, 5+3.24

 360xQxty—273-4's
§ 360x Q0 +q's

360x1.07x22-273%x5
- 360x1.07+5

_ 860000 x Q(W, -W.)
7 273 +1,°

=18.22C°

3 24 - 360000x0x (00083 -,)
ST 2731822

Ws=7.27-10"kg wv/kg da.
A Aisbas (d) b 4akil Bn g = 90% oladt A LI Ui (57) Lali 5 i
gLl Dad) 5 (d) Unis pa it oIl
iS00 3 il das S48
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Problems.

7.1 As air- conditioned space is being held at 2.6,5C°db, 50%RH. A flow
rate of 3000 L/s of supply air at 14C° and 90% RH, is being delivered to
the space, to maintain that steady conditions. Find

a) sensible and latent heats absorbed from the room air.

b) The room SHF.
Ans. a:32,5kW, 10kW b: RSHF = 0.753
7-2’ A building has a total heating load of 52,6 kW. The sensible heat
factor for the space is 0.8. The space is to be maintained at 22C°db, 40%
RH. Outdoor air at 5C° and 20% RH, in the amount of 0.472 m%/s is
required. Air is supplied to the space at 49C° Find:
a : The conditions and the amount of air supplied to the space.
b: The temperature rise of air through the furnace.
¢: The amount of water at 10C° required to the humidifier.
d: The capacity of the furnace.
7.3 The air in a room is to be maintained at 22C°db, 50% RH, by
supplying of air at the temperature of 12C°. The desién conditions are as
follows.
Sensible heat gains 6kW, latent heat gains 1.2 kW. Outdoor conditions
are: 32C°db & 24C°wb. The ratio of re-circulated air to fresh air is fixed
at 3: 1 by mass. Plant consists of a direct expansion cooler, re-heater and
constant speed fan allowing 1C° for fan power. Calculate:

a. The supply air quantity in m*/s and its moisture content

b. The load on the refrigeration plant.

¢. The cooler coil CF and BF.
Ans. (3):Q=06mYs ,W=0007kgwv/kgda.

() qe=136kW, (c):CF=088,BF= 012,
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7.4 The following design data has been established for the High Life
Insurance Company Office building: Sensible heat gain 222.7.kW and
44 kW latent heat gain.
Qutside design conditions: 35C°db & 24C°wb
" Inside design conditions: 25C°db & 50%RH
Outside air required is 3.18, m*/s
Supply air temperature is 14C*°
Determine :
a. Supply air in m%s. b. Supply air conditions .
c. Conditions of entering cooling coil .
d. Cooling coil sensible and latent heat, and total Io'ad.
7.5 An air-conditioned space has sensible cooling load of 59, kW and a
room latent cooling load of 14.65,kW. It is maintained at 24C°db and
18C°wb. There are 0.57, m’/s of air vented through cracks and hoods ir
the space. The outdoor air which is at the design conditions of 35C°dt
and 24C°wb is mixed with return air before it enters the air conditioning
units. ,
a. Sketch the equipment and duct arrangement showing the knowr
information.
b. Calculate RSHF.
c. Find the required air flow rate in m’/s for supply air temperature
of 16C°db
d. Determine the total cooling load
e. What is the effective surface temperature (apparatus dew point)?
f. What is the coil CF and BF?
7.6 A refrigeration chiller supplies chilled water to an air conditioning
unit, the unit takes 1415, m®/s of outdoor at 35C°db and 24C°wb. Thi:
outdoor mixes with 9.44m%/s of return air at 26C°db and 50%RH
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Conditioned air leaves the cooling coil in the air-conditioning coil at
11C°db and 90%RH.

A- What is the load on the chiller due to the coil in ¢ air
tI:onditioning unit? -

B- Assume that the conditioned air is reheated to 20C°dhL with
electric heaters. What is the operating cost per hour of these
heater if the power costs 0.20LE per KW/h. ?

7-7 A building has a calculated load of 410kW, of which 100, kW is
latent. The space is to be maintained at 25C>db, 30%RH. Outdoor air is at
38Ce°db and 50%RH. 10% of supplied air to the space by mass is outdoor.
Alr is to be supplied to the space not less than 18C°. Find:
a) The minimum amount of air supplied to the space.
b) The \;olumetric flow rates of return air exhaust, and outdoor air.
¢) The conditions and the volumetric flow rate of the air entering the
cooling coil.
d) The capacity of the apparatus, dew pomt, CF, and SHF of the
cooling coils.
Ans. (a):29.4,m’s, () : Qr=26,73m’/s , Qg = Qo =3.29, m’/s
(c): by = 55.15kJ/kg, Qs = 29,4 m¥/s & wy = 0.0llkg wv / kg d.a
(d): qec=722,1 kW, & dP=10C° & CF =088 & SHF =0.7
7.8 An enclosed swimming pool has sensible heat loss of 88,kW and a
latent . heat gain of 110, kW on a design day, when the outdoor air is at
2C°db and 20% RH. The space is to be maintained at 24C° and 50% RH.
Qutdoor is to be heated to 16C°, mixed with re-circulated air from the
conditioned space and then heated to the Supply conditions.

a) At what ruic, in, m’'s, i5 the alr supplied to the spacc if the
supply temperaiuie is equal to 35C™7

b) In what rate in m'"s is the outdoor and re-circulated air flowing?

¢) What is the capacity of preheating coil?
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AIR DUCT WORK DESIGN

General Ad it

Air handling unit ) 41 idl s3ay ol elsed QS Jlea 0 g 2 Sl oy g
elsell g ogi aid . (Ducts) gsotae of il A gy dibiial Y Je g 5 ( AHU
B Al e s ) e 52000 dlmya o13h (6 tae Jila 3 e
( Zones) b 4,5 A b elllua ) dlladli 23 s <ic i 1Yy Main supply ducts
Caaad Jals 4l oSl Jl Jeat 5s Branch supply ducts & 8 455 Al ie o
4 Diffusers il s b 055 A Outlets g sl i G el z o3
Jalaiy g Aalal) Coun Sl (g of 3 il (A el gedl 30 Registers cOuii e
- e»; S b 3 sl Ay gl iy A1y (S0 el 0 Jia Dilighe (g 4y e 2t
Jop s s il (P 0 Lo o WS Al o] o G5aT 53 il S
N gl olsell e (A el (b oo 3y Branch return ducts 4—= b g—al)
. Main return duct

Aba ) (SLYH ol An s oo A (g taall il pdy il jlen e g A ol s—gd!
53 e e Sy 38 S e OY iy . leadl Anype 52l (g3 Jarall Sy
Aagiine lllse PAA o Jind ol Job Anad] 42T 28 ol ggl e dili a0 Cilalydal
oo lluall Jals ol pell yaye Gy - Fittings ClaS 3 Pla j—ay  Straight ducts
st Laig lllaal) Jalall daul) e o 55 50 S o el A e Lty (g2 W R
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Branch duct fitling
Screen with splitter damper Transilion

A =

Ceiling didtuser
Flexible connector take Alf
g

Cushion bead

- Equalizeng
Damper E"d
....... \';_, Dampev
3

1| Outside air
-H—

Miter e!lm with
Sice wall lurning vanes

diffuser Lake-ofl
7 — 1.200
{ cim
Quadrant
damper
- Oltset ¢
- nead .
Air extractor
AN Gamper
Tee conneclion
with splitter damper

Extended Plenum System lor 2 Residence

1—Stack head 5—Reverse elbow 9--Square side take-off 13—-50" stack cliow
2—Universal Boot 6~ Square fop take-off 10—Adj. rd. side take off 14--Rd. side lake-off
3—Offset statting coltar  7--Rd. top take-off 11—45" stack angie 15--Funnel ficor pan
4--90° stack elbow B8—90" angle boot 12 —Center-end boot 16--Floor reg. slack head

Figure 8.1 Phantom layout of two A/C systems showing certain
ductwork dethils and commonly used fittings
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8.1 Pressure Loss in Straight Ducts
oA S il ls ellaadl g GV (b daaall Sk G M Asladl

2

AP=/'%%P : (8.1)
kg/m” ;i,,.ll P PR

m, i g L

m, dledl jhi D

m/s , dau il Ao jull A \%

SGaN Moody (523a Jalaa f
g—taull a0l 255531 y Reynolds number  Re o) pi) (e ading Jalnall 13a
oSar 5 Fig 8.2 b 4y Moody chart s3se iday i (s f 535 -Say (£/D)
- Colebrook - Wihte dlales b Lgibaa

Lo & 251
—F_ 2101{2.7&. +__ReﬁJ (8.2)
Ay il Alsladlt y
B —i— ﬁ 0.25
f_o‘“(Dh*kReJ (8.3)

Table 8.1 (o el el Ll (ool Sy pedonall dillaall & 5380 ( & M) Cys
Aolaall e alus Sy Reynolds number  jalyu; a8 Re

Re = P2 (8.4)
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cedgell ol sa glan O la o oSy Sl A 3 M e
(Dy Hydraulic diameter ) Saly el Shaill yad aladiul oSe (5 i pudl dlludd)
f b LS lua oS g3y Re 435

Dy = — ,m (8.5)
P, llall paapal) pdaidl Aalue A i

cm, dladll e jali il Jayas P

alwall (ye s i b (S Re o il i g lall 3

Re = 66400 D,.V (8.6)
5 (8.2) Wsaa (o f AMSIAY) Jalra 5l (Say Re a5 ) o3y dsaill 1 pd) ga plaas
. AP Jaall il Je Jpeeall oS (81 ) Aslea Jpayeilly (8.3)
— Al (S 5l il il Aagiinall eliliaall (3 Jniaiall 288 (ppand Dlas Syl
(D,mm) Jkilis (Q, L/s) ¢l g6l Gi5 Jane (e z a2 s3ls  Fig 8.3 (3 (sl Tabainal
Bagleasy (AP;/m, Pa/m) skl siall Jaiiall Jaii Janay {V, (m/5)) 6led 4 s
S8 €8 L ol Jgko 8 paayy (APf/m)ogGgSq(V,D,Q)wﬂJ
sellualf a8 €AY Apii Jakedall

AP, <L P,, (8.7)

m

AP =

St alado D13 Sl L59 Lialt 0aé 8.2
8.2 Pressure Drop in Rectangular Ducts
A pdaiall il il sl A i A it adaiall s il 8 Jaaalt o
i o e el Gl ey . ey i) Al 5 L 55D
ui} Joseall 8 i) i lgd 585 hgw ((Aspect ratio <8 ) Al daw iy Jilaiudl
Sl 5 a5y (g3l g 5l il 3 a3 Al e
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7.: m3l/v s

| Stiff fibre-glass ducts

Table 8.1 Relative roughness.

Material

[mm]

Unclad, clean carbon steel

. }PVC pipe

Aluminium _

0,03

Zinc-plated steel, longitudinal seam,

flanging every 1200 mm

Zinc-plated steel and spiral seam with 1, 2 and 3
ribs and flanging every 3600 mm
Pre-insulated aluminium P3ductal ducts
Zinc-plated steel, longitudinal seam,

flanging every 750 mm

Ducts with internai fibre-glass facing

Flexibie metal pipe (when completely extended)
Flexible pipe (all types}

Concrete

0,08

[

015

3,0

1o

0

20

7

Ay
SRS

T

45678577
.Pa

Figure 8.4 Duct sizing chart for rectangular cross- sectional duct
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(Al et plodid oy (Fig 8.3) b bdaidl plasi Y . Dy S g
Uslaall ya 4hias (S 53 y Equivalent diameter (D)

0625

ab

(@a+bs)* ™ (.8)

Dygy=13

kil el oo el adelall Sladf 2b e

Doy ssbs ¥ Dy of asy

OSa LS+ Dy e 5l (a,b) Lal (e Table 8.2 puas o5 Eq (8.8) e Luwls
et 3 6 pbla Jobiaall adailall cull elibnall (& Jasall iilt i) Fig 8. 4 pladsial
Deq

Example 8.1
A rectangular duct has dimensions of 0.25, x 1,,. Using Fig (8.3), determine

the pressure drop per meter length when 1.2 m’/s of air flows through the

 duct

(S I Y gl e
D, = 1.3 (ab)**% / (a+b)*#
=1.30025x1)%% /(125" =052m.
D=0.52 m Lkill au « Q= 1200 L/s @5 Jans adalis wic g Fig 8.3 3 Jsaall
(AP, /m)=0.7Pa s Jhall jall niuall ki Jans ff 20
Lglaadl lluad! Lnicll 03 8.3
8.3 Pressure Loss in Oval Duct )
Tkl plasity Lgsb Jntaall 386 (S & gl el p28503 6 ikl e S
¢ Aaleally aasy g3 LKA Gl A e & ilall il
Dy =135 4%/ p* m, (8.9)
Adlaally 3323 A glaiall Aabis Zia
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b2
A= 7-{‘ b(ahb) , m? (8.10)
Aslelly 2 P kil Jagaa g
P=b+2 (ath) (8.11)
m, S¥ lill g Gy
m, yaYl kil b
8.4 Air Flow in Fittings Sl I S slagll 3805 8.4
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Aslaally (Kalipall S0l s Sy
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{ ol Gl D g
(ise (3833 i3 oL 5 4f Constant flow fittings =l 345 <l Gl 5 —
-Divided flow fittings
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Figure 8.7 . 90° 3 Piece elbow

Figure 8.9.90° 5- Piece elbow
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Figure 8.64 5° smooth elbow.

Figure 8.8,45° 3- Piece elbaw

Figure 8.10,Vaned square etbow



Table 8.3 Pressure loss coefficient for elbows.

A. Elbow, Pleated, r/D=1.5

1 2 l—q—--\- I—g—-.- -
Ly {* e
. r r r
Jz_ ; ¥ ¥
90 degree 60 degree 45 degree
‘Gat D, . (mm)
Angle  (100) - {150) (200) (250) . (300) -(350) - . (400)
9 057 0.43 034 028 T 026 0.25 0.25
60 045 034 027 023 020 0.19 0.19
45 0.34 026 0.21 0.17 0.16 015 0.15
B. Elbow, Mitered, with Single-Thickness Vanes, Rectangular
5
—Q- Air
AO
flow L
i <+ F
#_]
Flowe] Traiing ecge
Design Dimensions, - (mm)
No. r s L G
1 1{50) (40) 0.0 0.11
2 1(50) (40) 0.75 (20) 0.12
3 i (110) :(60) 00 0.15
4. "(110) (80) 0.0 033
C. Elbow, Mitered, Rectangular
4 . s
17T oJ A~
+ W a * @
| i~/
] |
G
g.deg HW=025 05 075 10 15 20 30 40 50 60 80
20 0.08 0.08 008 007 007 007 006 006 005 005 005
30 0.18 017 017 016 015 015 013 013 012 012 01
45 0.38 037 036 034 033 031 028 027 026 025 024
60 Q.60 059 057 055 052 049 046 043 041 039 038
75 0.89 087 084 081 077 073 067 063 061 058 057
90 130 130 120 120 110 1.10 098 092 089 085

0.83
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Table 8.4 Pressure loss coefficient for transition.

A. Transition, Round-to-Round

A D\—Al
—|—> 8 Q—L—q..—.
| i
! AJAy<or>1
G
Aglay 8 =10 200 45° 90 12000 . 150° 180°
0.10 0.05 0.05 0.07 0.19 0.29 037 043
017 0.05 004 006 0.18 028 036 0.42
0.25 0.05 0.04 0.06 017 027 0.35 041
0.50 0.05 0.05 0.06 0.12 0.18 0.24 026
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2.00 0.44 0.76 132 128 124 120 120
4.00 2.56 4.80 9.76 10.24 10.08 9.92 9.92
10.00 21.00 38.00 76.00 83.00 84.00 83.00 83.00
16.00 53.76 97.28 215.04 2528 225.28 225.28 528

B. Transition, Rectangular, Two Sides Parallel

‘ o,
el
34 A,
A /Ay <or> 1
4 G
Aol 9=10 20° 45° 90° 12° 1500 180°
0.10 0.05 0.05 0.07 0.19 0.29 037 0.43
0.17 0.05 0.04 0.05 0.18 028 0.36 0.42
0.25 0.05 0.04 0.06 0.17 027 035 041
0.50 0.06 0.05 0.06 0.14 020 0.26 027
1.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
2.00 0.56 0.60 1.40 152 1.48 144 140
4.00 27N 3.52 9.60 11.20 11.04 10.72 10.56
10.00 24.00 36.00 69.00 93.00 93.00 92.00 91.00
16.00 66.56 102.40 181.76 256.00 253.44 250.88 258.88
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Table 8.5 Pressure loss coefficient for diverging flow fitting.

A. Diverging Wye, Round, 45 deg

P,

2,
A 45 /IJ A,

A\é{

Branch, G,
AylA. OulQ. =01 02 03 c4 05 06 07 08
0.1 0.38 0.39 0.48
02 225 038 031 039 046 048 045
03 629 1.02 038 030 033 039 044 048
0.4 1241 225 074 038 030 631 035 039
0.5 20.58 4,01 137 062 038 030 030 032
0.6 30.78 629 225 102 056 038 031 030
0.7 43.02 9.10 336 157 085 052 038 031
0.8 5729 1241 4 225 122 074 050 038
0.9 7359 1624 629 306 169 102 067 048
Main, C,
AJA. 0,/0.=01 02 03 04 03 0.6 0.7 0.8

0.1 0.13 0.16

0.2 0.20 013 015 016 028

03 0.90 013 013 014 015 016 020

0.4 2.88 0.20 014 013 014 015 015 016
0.5 6.25 037 017 014 013 014 014 015
0.6 11.88 0.90 020 013 014 013 014 014
0.7 1862 1.71 033 018 016 014 013 0I5
0.8 26.88 2.88 050 020 015 014 013 Q13
0.9 36.45 446 09 030 019 016 015 (4
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Table 8.6 Pressure loss coefficient “for diverging flow fitting.

B. Diverging Tee, Round

Q 13
—_— B - —
A 90° A,
Qb#Aa
Branch, G

AplA,  0p/0. =01 02 03 04 05 06 07 08 09
0.1 1.20 0.62 080 128 199 292 407 544 702
02 410 120 072 062 066 08 101 128 160
03 839 240 120 081 066 062 064 070 080
04 15.89 4.10 194 120 08 072 064 062 063
0.5 24.80 6.29 291 174 120 092 077 068 063
0.6 3573 8.99 410 240 162 120 09 081 072
0.7 48,67 1219 551 319 212 155 120 099 085
0.3 63.63 1589 714 410 270 194 149 120 101
0.9 80.60 2010 899 513 336 240 18 146 120

Main, C,

AfA. Ou/Q. =01 ¢2 03 04 0.5 0.6 0.7 0.8 0.9
01 0.13 0.16
02 0.20 0.13 015 016 028
0.3 0.90 0.13 013 014 015 016 020
04 288 020 014 013 014 015° 015 016 034
0.5 625 037 017 014 013 014 014 015 015
0.6 11.88 0.90 020 013 014 013 014 014 0I5
0.7 18,62 1.71 033 018 016 014 013 015 014
0.8 26.88 2.88 050 020 015 034 013 013 014

0.9 36.45 4.46 0.90 0.30 019 0.16 0.15 0.14 0.13
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'_Table 8.7 Pressure loss coefficient for converging flow fitting (Y).

P

A. Converging Wye (45 deg), Round

| L
Branch, G,
AJA.  AA. Ob/0.=01 02 03 04 05 06 07 08 09
04 03 -2141 -285 -010 063 087 09 100 106 126
04 3930 —602 —105 028 072 087 091 052 100
05 -6210 -996 -216 ~006 063 085 090 088 0.86
06 —89.77 —1465 -342 -—038 061 093 09 095 090
07 -12246 -2019 —48 -074 061 104 112 106 095
08  -16018 -2656 -655 -115 062 118 129 119 101
05 03 -1410  -139 040 084 097 100 102 107 128
04 2648 -353 024 059 08 039 088 085 086
05 —4184 -59 080 051 08 097 095 090 087
06 —6061 -890 -146 043 097 105 106 097 090
07 -8280  -1236 -222 035 109 125 120 108 093
08  ~10839 -1635 -309 027 124 145 138 120 095
Main, C,
AJA.  AJA. Q.)0.=01 02 03 0.4 05 06 07 08 09
04 03 -3168 —660 -198 —053 005 031 041 045 045
04  -2524 -451 =113 -013 025 040 046 047 045
05  -1883 -304 -057 013 037 046 048 048 046
06  —1399 197 017 031 046 050 050 048 046
07 -1027 -117 012 044 052 053 051 049 046
08 -132 ~B54 035 054 0S7T 055 052 049 046
05 03 -538 -1077 -345 -117 —027 011 026 030 029
04  —4066 -7.54 -216 057 002 025 032 033 030
05  —3068 ~527 -130 —018 021 033 036 034 030
06  -2315 362 -069 009 033 039 038 035 030
07 -17.34 238 -024 029 042 043 040 035 030
08  -1275 —141 044 049 047 041 036 030

0.11
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Table 8.8 Pressure loss coefficient for converging flow fitting (T)-

B. Converging Tee, Round

QJ Qt
+ — —p—
A, [ A,
&\
I O |
G, |4s
Branch, C,
AJA. As/A. Op/Q.=01 02 0.3 0.4 05 0.6 07 08 D9
04 0.3 —2396  -3.65 —048 043 075 088 091 091 0%
0.4 —4298  -7.03 ~-146 011 067 087 093 091 0%
05 —67.44 -1135 269 026 059 090 097 094 08
0.6 —9739 -1660 —417 069 052 095 106 101 08
0.7 -132.88 -2281 -591 -117 046 103 117 111 0%
0.8 —173.96 -2999 =790 -173 040 115 133 124 10
0.5 03 -1699  -235 -007 057 080 089 091 09 08
0.4 ~3049  —467 072 038 076 089 092 05 08
0.5 —4782  ~761 -150 019 075 093 097 093 08
0.6 -69.03 -11.17 -242 -003 076 101 105 098 08
0.7 —9417 -1537 -349 -026 080 113 117 107 0%
0.8 —12330 -202 -471 -050 087 129 133 120 10
Main, G,
AJA, AgiA i Q,10.=01 02 0.3 04 65 06 07 08 09
04 0.3 49.68 7.59 2.74 142 09 065 051 043 03
0.4 30.96 5.51 221 123 082 061 049 042 03
05 21.00 440 192 113 078 059 048 042 03
06 1543 3.78 1.76 107 075 058 048 041 03
07 1236 3.44 1.67 1.04 074 057 048 041 03
08 10.86 ks) 163 102 073 057 047 041 03
0.5 0.3 65.94 1028 3.65 179 105 068 048 035 02
0.4 38.84 1727 2.87 151 093 063 045 034 02
0.5 25.07 5.74 247 137 087 060 044 033 02X
0.6 17.98 4.95 227 129 084 058 043 033 02
0.7 14.69 4.58 217 126 082 058 043 033 02
0.8 13.78 4.48 2.15 125 082 057 043 033 02
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Lo i ¥ A dggall DL€ 2l vaay

Alan 422853 A8 5 Yoo e S8 jema 58 S o5 Figs 812,812 814

co) gl s

Example 8.2

Compute the lost pressure e in 15.24cm, 90° ¢lbow that has 4.25 m"/min of

air flowing through it. The ratio of turning radius to diameter is 1:5 Assume

standard air.

4. 43S
T (r/4)D*(60)

‘4'25 =388 , m/s

) [%) .(0.1524)i (60)

C=043 glaai 9=90°&

V 2
AP=C[Y2—9J =

2
44 388) _189p,
129

D =150mm e Table 8.3 .

Example 8.3

45° Round Wye, (Y) 500mm. diameter main duct, 1200 L/s, 250mm

diameter branch duct, branch velocity of 6 m/s. Determine the Fitting

pressure losses ( Table 8.5 ).

Ay=rz.02 =7 x0.125*= 0015625 »m?
A= x =7 x025=00625 rm®
A/A =025

Qn=Apx Vo= 7. (0.125 x 6 = 0.294m’/s

0,/Q, = 0.294/1 2 =025

A A =025 & Qy Q=025
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Figure 8.12 Duct fittings
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Figure 8.13 Duct fittings
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C~0.525 il i i
(b) =l Bl 6 haeall 5

2

AP:C(—V—] =o.525(—6—} -1136 Pa
129 129

Examp Je 8.4

An 0.3 by 0.4m branch duct leaves an 0.3m by 0.6m main duct at an angle of
45°. The air temperature is 20C°. The down stream duct dimensions are
0.3m x 0.5m. The flow rate up stream 2.7m"/s, and the pressure is 250Pa.
The branch flow rate is 1.3m*/s. What is the pressure: (a) down stream in the

main duct and (b) in the branch

ol a2 ( Table 8.5 ) Ji ¢ sa b

Qc=2.7m’/s Qy=1.3m’/s Q.=1.4m%/s
Ac=0.18 m? Ay=0.12m’ A=0.15m’
Vo= (2.7/0.18) = 15m's & Ve=(13/012) = 10.83 m's

Ve=14/0.15=9.3m/s

ﬁ_-_—- 0.67 _Q_b_=£=o,4s
A, 0. 27
A _og O _14 o5
Ac Qe 27
of axi interpolation  Jalall (e L&Y aladiuly
Cpy=0.74 C.=015
il el 2l
v :
s co( 59] coa( 2V =28 s
A pi Al ki
P_C + K.‘:z. = E,.y. VS + APS
P 2 p 2 P
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2
=12ﬁ5° 5__(9_3)_%j=325.3 Pa

o oo il etlliall Zanally

a5 (o il ellaall (g5 0 Aslae Gty

Pb = p(P_C.;. V_g_ﬁ._ﬁ]
2 2 p

5 2
12[250 (15)° (10.83) _5“6} 262.5Pa
12 2 2 12

8.5 Air Duct Design £ 1agll o panucs 8.5

z ol DA e glleall o 5elly Canll paladl ISl 355 58 Slaadl Akl e o jadt
Asteay 51 sedl 138 a3l of Jal e - Diffuser ) ,ib J< 4e DU 4800 (Outlets)
celoedl A8 ja Aa i (a5l LS SN (gl jadt Jeal

8.5.1 Duct classifications Ul Ciwas 8.5.1

Supply ducts 4,3%5 @lllua Y pudt Air direction o) g8 45 ola?y s — ¥ 3
Return ducts g ) ellbusy

- A ol QB Y Sl lea (e el agdl ASja ¢ Ddiil s

RN g G jlea Gl SIS e el B pa gl lluse

o Aladl o Velocity 48 pull Wb - Ll

sale 12,7 m/s 4ladll gal e Low velocity ducts Aadaiall de pall el -]
(6-11) m/s o g ol 5o

12.7 mis o el &t ot 20 High velocity ducts i) de pol) e -2
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on Al Aol 12, 7m/s —ha (35 Aabiial Ae yull olé Auclicall el 23U
(25 :12.7) m/s
cile ol Table 8.9 Auaidia Sile ju @ilas W jlie] oSad anl i e Ll
o gl G lana yslic (i SISy pal Mg Laxil Wlilas e JS o A
1Y zalsal bl U @llldl il Pressure il ligdh — WG
AP< 940 Pa ¢ua Low pressure system  aidice b Zadail -]
940 <A P< 1690 Pa cus Medium pressure system dew pal) biuall adail -2
1690 < A P< 3200Pa cus High pressure system Jlall laiuall 4ok -3
Agladdl 339 5 3¢n) Aaglia ¢ GaY! bii 8 Jadyy S Jaiiall ,Q S Jasacalt
Al el Ban g5 il 5 358l Siile Sia
ke JS ida elllcall puiin: Duct Cross-section dlealt abiial s — Wyl
ol el
A8 olia) g el A geon lilaall 234 jaiy Round duct i dlius -1
- gl g e el NG gl (ay AGAYL Laiuall
Aoy ppinaill cilnbaidl jhc Reetangular duct ghiall Adsics il -2
- S bkl 3 5305 lgage ey Analall Bl 3 S
Metal sheet dgms 14l (e sole @llodl e Materials @ml Bl — Ll
L] q‘-»ﬁﬁ e by Fiberglass ala il Gpuall o losay  Aluminum p s 5¥1
- Plastic &a.0Uly Tile sl
- OB A iy (S b gia g1 e S Bpisadl 1 Y1 -
el (e Ll 095 baall daia jo Jil oala 3 Cageally o giia it =
bl el e glie 5 Sl A pad |l padiay Sliaddl —
elan guialt Julis 8 5o |l Madl gl (4 fpun 38 ) s il plaid =

ey e JSeS
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8.6 Essential Considerations For Duct Design
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Figure 8.15 Loop perimeter system

Figure 8.16 Overhead radial system
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8.6.2 Economical consideration alaBY ! DLt 8.6.2

Ll Operational cost Jsiill 4iS5 5 Investment cost Agbasy) 4iSs 1 o i i
eV ey Je s Aala dpal
b Ll sl Jama 80l slasl (85 5l 55 e LSl g Ieliod 54 pbial 8=l
J--\J\ el (Y adia Jghal 4u) Aspect raticiel! 4w o _yy o3 laa ALl
b aa ey (Al it
3 Alie e 805 ) a8 g QLUSY dm e ()58 500 Zie Ll Al 3 il —
celoell ZaaS (i Jony (53 5 5 piaall Aue Ll Al
Al 4 ye i< O,ﬁm;uﬁa,wo‘sﬁu@sdmﬂeumn -
Al g1 2 5l 508 80l j oladl B 3 18 5 et bS]
O IS5 8o giiall 5l ApniSall 5yl jadl Auasi e iy lilaall )5l s e Zila) -
Uand (o libnall 3 phm el A o Al Ao @l llanall pranss Juaddy)
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el sl Al )b oy ol gl e Ml 8 ol o)l 5 Noise Level sl pall (5 g
Al jbiadl gla ) (S o) gell Ao po A (@ludll (o j2a) Ahall paulTl
t gl el gall
oS Lo aallyy il illy ALl ¢t jad o geall Bl 3 630 a5 yeslic -]
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-8 Le J81 Aanlill o palt 4B () 5S35 gy Akie
A jlalt ol palt i€, il M e G Bau L N ABLRY Fire resistant o) da glila
- Jnt AU e ST il (55 ol g

8.7 Duct System Pressure Loss <l pliad laziad! 0 8.7

ol UGSy A gl 538 ol 0_ysa g AUl 4 Joiuall i
Gl g o) gl Jlaa (Dha uall a e Jaady o com il GL i haa o 2 W e
= cagda jill Bas g9 aiedlp 3 il lile ¢ BN Hie i SOl AL laaa yalic
oAl (b el gl zjlhey o Sl el gelly pal Y oh gl i Galad) ol WS,
Al B gy bl Jua i oSL @SS
‘,(égd_”.ll»c}'aa‘ge“fﬁ_,‘@lhdlsilah.hll.\E.K;_,_)Ali._da';"j%iiﬂi I3
el Gla JUS (e e J geaall
elitadl Al pealie A Jaiial) kil 4uald jiuh o8 Table 8.10 Jaes

Table 8.10 Approximated Values of System Elements Pressure Drop

Element AP, Pa
Air intakes 2-25
Filters 50-100
Cooling or heating coils 30-100
Air washer 50 -160
Grilles 25-50
Exhaust fan . 2530
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8.8 Pressure Drop Through Duct <lluol! M5 laxat! 03 8.8

Joeall 88 Aay ya aladials 5 ol @llall duwily ey afionall dlisall JAS Janoall i
. (Fig 8.3 ) &Saayu
R alasialy Ailll Aday AN i p235eid Jibial plhidl g ellaall Ll @
S aky iy (2, b) s plasiuds 5 (Deg = 1.3 () ((ath)™® ) LA
-(Fig 8.4 ) Laall
S AP =C(F/1.29)7 dobadly ) SlaS all b asecall I ey Ol 5l Gy o
SFig 8.17 o il by 58 e Jpmall (Sar o3 Loy 13801 Johall plasialy
o G & (sl ) telm sle e gs) Figs 8,187, 8.19 (e asily
o0 (AP, /m) e SaaYl G Joes b ey degfiosall @l I 5 bl cans

A il y Agfunall sl IS bicall 86 73l doesd Figs 8.3 &84
8.9 Pressure Gradient Diagram Ll o bk 8.9

ki g P [ S5al) bl g sana o alllaall Ui o 21 (ol (4 Py W0 i _all ®
OB el ggd e alad) b Glaay de ! Jakis aliadly oS SV Gl Gy Py Ac
325 Fig 820 Ui 135 4an g yally &8l Adlics) A Tacle UM b podisy KN Jak |
5380 Tl g ol ( Po= Py + Py) el ek Aoyl s i i Ll
- sal il e (Bl Py (S hiuall 5 4S08 As g pall Jid Ul P

o 30 131 Jany < gau 2L B o Al el Jae paie Cipal Fig 8 21 3%

Ao Wle 558 of qany IS Jada Jokuall o Y1 o Al ol sedl )kl Ll ey
Ol s e oS O e ) Gl geill el a8 Wy (e JLdl Epedt ke e

o el 058 o G Po bl i Jadalt ol Fig 8.22 aai it o150 alodiund Ala 3 *
oo Sy gal )l el sedl @l i Upper stream sclall s jaall 6. Py, 2 all bl
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Figure 8.17 Equivalent length of various fittings element in an air duct

system (in meters)
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WARM AIR AND RETURN AIR BONNET OR PLENUM

(A)

EQUIVALENT LENGTHS BASED ON 8" DEPTH OF DUCT

(B) ANGLES AND ELBOWS FOR TRUNK DUCTS
EQUIVALENT LENGTHS BASED ON 8" DEPTH OF DUCT

(C) TRUNK DUCT TAKEOFFS -
8.18 Equivalent length of various types of fittings (in feets).

Figure

Im=328] ft
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(D) BOOT FITTINGS
FROM BRANCH TO STACK

A AND § HAVE 3-IN. THROAT RADIHIS.
D AND E HAVE 5-IN. THROAT RADIUS)

IONY -2, €%

=y O ML=10 FLEL 10Mmd0FLEL TOF. 3P
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Eh MXIeTIFLEL 14X3%=90FLEL

wnEL WL

{E) stacx aNGLES, ELBOWS
AND COMBINATIONS

FLOOR GRILL TO imeR

(F)RETURN AIR COMBINATIONS

Figure 8.19 Equivalent length of various types of "fittings (in feets).

Im=3.281f1
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8.10 Air Duct Design Procedure

1Y Jlsiall DA (e a5 o gl ellline dadail arenad
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Supply fan Outdoor  Supply
air intake fan
Grille Diffuser\ N
£ B g =
i —
\

. 5
% " Tﬁt £ |\

P, T

Figure 8.20 Pressure gradient diagram Figure 8. 2IPressure gradient

Of a simple duct- fan system diagram of duct fan system with
Outdoor air- in take.

Relief Outdoor

air air intake Relief Outdoor
Supply a;r air mtake Supl
? ‘ / fan Return fat:.lppy
fan /
— — R_-LE 3
\g:rt,l:';:rair P \ Return air
\"L P, damper P,
P
\ F L / <
r N
\L f ﬁ\ PO"L -NP\ \ y) ﬁ\:
5 \
\\N\\ o E_,LP, I— P,[
Py \
Figure 8.22 Pressure gradient diagram Figure 8.23 Pressure gradient
of a duct- fan system with outdoor diagram of two fan- duct system
in take and exhaust (relief) with outdoor intake and exhaust.
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(AP, /m) Jykall el Jakiall S Jaee Jo Joaas

Al sl 33307 Fig 8.4 5 (g ialf clluwall slagl 3325 Sy Fig 8.3 pladanl -

o Bl Jelteeall llaall sladl 3387 ¢Ses Table 8.2 aladinly . ikt

Example8. 5

Find the size of each duct section for the systern shown in Fig 8.24 using

equal friction method. Use rectangular ducts. The system service storage

buildings.
500 500 400 500 1’s
t 50 i 50 1 40 1
c D E F

G 60 H 80

J
I
Figure 8.24 Sketch for Example 8.5

210




Q =3100 L/S aa gyl Ciyuai Jona
il plals Alali. V=10 m/5 (oo )V @luall 3 o1 96dl de e of 2a3 Table 8.9 (s
A5 V=10 m/s e yldis o148 Aoy pa Q =3100 L/s o_lais
Dsg=625mm & AP¢/m=15Pa '
a xb=750x450 mm :Dup = 625mm _hill ,llial Julsiuadl alei i85 Table 8.2 (1

Osc=1900 L/s BC dliwal

Pr/m=1.5 ol ¥ Jaall pdaiy Sa bl Uai ae yi Qpe= 1900 L/s i juai laia 2ic
Dpc= 525mm & Vgc=9m/s saie | g

o -Dpc= 525mm kil 5 kbl ax b =700 x 350m i 1 Table 8.2
_Table 8.11  dise dllusall o) jal 4a LY

Table 8.11. Summary of Results for Example 8.5

Friction Round | Rect Duct
Section 0 Velocity loss diameter axbh
Ls s Pa/m mm mm

AB 3100 10 1.5 625 750x450
BC 1900 9 1.5 525 700x350
CD 1400 83 L5 475 550x350
DE 900 7.5 1.5 400 400x350
EF - "1500 6.5 1.5 320 350x250
BG 1200 8 1.5 430 450x350
GH 800 7.2 1.5 375 350x350
HG 500 6.5 1.5 320 350x250
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Examp?e 8.6

Select rectangular sizes for the simple duct system shown in Fig.8.26 using
the equa! friction method the fittings pressure losses should be determined
by equivalent length approach. The pressure loss for each diffuser is 5Pa.

The system services an auditorium section. Determine duct pressure losses.

- {3m) n
® Y0071 mosy
Plenum
@) @_
.t mt @em (1.5m)
€ =\,
» 2 | sm @n -
D X ® ' (0.095 m?/s)
(1.5 m}

(0.071 m¥s)

~ Figure 8.26 Duct layout for example 8.6

6m/s = ool L3l @l b ol 4ell Aoy Table 8.9
Q<0071 + 0.071 + 0.095 = 0.237m"/s. Aoyl Gy
2Pa/mm s jie JS) S Y] 8 Jina
6m/s de yull sicy 0.237m s i pmanddl i pesill pla35uly o 355 Fig 827 plasiul,

(AP/m)= 2P, s jse JS QlSiaYl i Jons & D, = 250 mm
axb=400x 150mm & 250mm kil 5 Jslidl sles) )} 22 Table 8.2 alasiuly
4 jlan o sy Y Aol Al i Ay

2 48,5 i |
2 e jall 4 3hail Jams
Q,=0.071 +0.095=0.166m"/, =166 L/s ]

25 (A Py/m)=2.0Pa pe pliis 3 Q=166, L/s sic Fig 8.277 3 Js—ally
. 300 x 150mm ol D, =225mm
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2 el i 1o jall 4y b= 150mm phall Jyb o SV ok Likila Lol s JaaY
. - il g Gl A ged i3

Q=0.071m =71 L/s of a3 3 £ jmaall

D;=135mm Jos axb=150x 150mm i aai Fig 8.26

R
Q.= 0.095m’/, = 95L/s
axb=150x 150 mm. Js3iD,=162.5mm C ol e Akl iy
5 85—

(hpadll pais 4d f Cya ) ax b =150 Xx150mm 3 ¢ jadl Jae solnd
AW Sl jwall oy Jakaalf a8 3paad)
5-1 4 4-2-1 5 3-2-1 Dbt

3-2-1 fwadt ¥4
ZL=6+46+3=136m Fagtiucall lilal ol
A5Y) Sl il aa g5 Fig 8.17 (e luS jall ¢ SIS J gkl
(1) e 5a quRed:.Lw= 1.52m & T :(Leg=4.56m)

Elb 90: (Lyy=4.56) & Elb: (Le=3.04m) & Y (Lo, = 4.56m)
Z Leg=1824m
APy =( T L+3ZLy)x(aP/m+ APy) APy dlldl i Laaual) s
=(13.6 +18.24) x 2+5 = 68.68 , Pa
4-2-1 s LT
L L=6+46+15+1.5+1.5=15.1m LL defadl @lladi Job
Fig 8.17 (o wlaS all sl Jpdalt
Y:(Leq=4.56m),Red R:(L,;=152m) & T: (Leqg = 4.56m)
Elb: (L =4.56m) & . Elb: (Le =4.56m)
T Leg=4.56+ 1.52+4.56 +4.56 + 4.56 = 19.76m.
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APy Sl b Jaecall i
APpe=(ZL+ Z1,) x (AP/m) + APy
=(151+19.76) X2 +5="74.72, Pa

5-1  wadt LS
L L=6+1.5+15=9m Aafinal Wladd! (gl
Fig 8.17 (e ibuS jull ¢ 41Kl S phalt
Elb: (L= 4.56m) & T: (Leg = 4.56m )
IL,=912m

’ » BPs  alladl b Jaiuall i
AP;s=(ZL+ ZL,) x (AP,/xﬁ) + APy
=({9+9.12) x2 +5=4124Pa
74.72,Pa (sl 4-2-1 jlad) o 5% 308 58 o ity (B Laa
crtile a5 Agliall Bas y yalic DAA Jiuall 38 e ¥ 8 355 G b ) ALayl
.z.;,ﬂc,s..,‘_;-;4“;;Jn;.mﬁas;s,u;)nm,,)amuwmuu@ﬂn
Aabeall Za g el 538 a3y

p o (ZA) <0
r"M 'ﬂe
cAa gyl 5 5gel 2SS ) AL SN B WS 77 gy, 7 Cua
8.11.2 High velocity system W1 &l dakeiY 8.71.2

Static Regain Method &Syl duslaiu¥! 4k jh paiind Aaflell Ole ! dolasl 4
T bl s Lae ol gl by olah (b R pll i3 o Ayl o3 aciniy
sty GaY1 el b NSiaY! a Aa il A0S Aayy L SSGY! b all 0l JWG el
2GS Jlalt by
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Example 8.7
Determine the duct sizes for the system shown in Fig 8.2& using the static

regain method. Round duct will be used. The system serves an industrial

building .

A f ) c D E
o ——4p ———p ——% —4
Y )
Fan : @, O, O O
\ J
4 diffusers
200( J. /geach

Figure 8.28 Sketch _for Example 8.7

V= iSm/s bl dladt i de Ll s Table 8.9 (e
Q=800L/’s & V=15m/s : AB s

2 of A AWl 44Kl uis Fig 8.3 (s

Dyp=260,mm & (AP,/m)=410Pa
' A YU heall i

(AP)s5 = 5x 10 = 60,Pa
Q=600L/s : BC llwa

VBC = 13m/s Vel 1\.;:)..‘“ ui ua‘)j.\
. ol 223 Fig 8.3 (5
Dyc=420mm &  (AP¢m)gc=8,Pa

(AP)pc =8 x4 =32 Pa AaYL haall s i
(APjc= 207 -77) oSS il L]
1.2

(225-169)=3356, pg

2
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Ol iy U pe Aoyl Uslaal (9S8 S Gl s Ay )lEie Al
Dpc=240mm, & Vge=13m/,
_ CD sl
Q =400, L/s llusall (b i el Jona
Vep= 1lm/s  de yull of i
‘Dep=220mm &  (AP/m)cp=6.5,P, f :5Fig8.3 e
S Y) dhran ai8 lata
(AP)ep=3%x65=19.5 ,Pa

Sty Jeaall Gluas)

(AP)p =20 -¥2)=283 P,
Vep = ll.S,in/s A} Ae pu A Bhge e LAYy € 3

(Dep)=235mm &  (APym)ep=7.5 P, o 3 Fig 8.3 0a
S daiies Jalh

(AP)ep=3x7.5=225 , Pa
Sy Jaaall L]
(8P =205 -¥2)

1 .
=-2—2(132 ~11.5%)=22.05, Pa
Bhga LAYy Ay e Aadll

Q=200L/s :DE s

9.5 m/s oSily Ae pe lGad

(D)pg = 165mm & (APym)=7, P, o} 3aiFig 8.3 o

(APPpe=3.5%x7 =245 ,Pa AiS3aY) Jano a3

(AP)pe= -’%(VC*—V;) Sliuyt hauall cabuis)

- %(1 15%95%=252Pa

Table 8.12 3 eliluall slag] ol 4500 aidll \hga IS LAY g 4y jlise Aaddl
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Tuble 8.12 Summary of Results for Example 8. 7

Q A% D L | AP/m Ap, Static Regain
Section
L/s | m/s mm m Pa Pa pressure, Pa
AB | 800 | 15 260 5 10 50
B .-336
BC [600] 13 240 4 8 3277
C .-22.05
CD | 400 | 115 | 235 | 3 | 75 | 225-7]
D ~ 252
P /.
DE [200] 95 165 | 35 7 245 - L
Problems

8.1Compute the lost pressure for 350mm 90° elbow with a volume flow
rate of 0.6 m"/s of standard air .

8.2 Compute the lost pressure for a 400mm x 400mm 90° mitered elbow
with a volume flow rate of 1.2m"s of standard air (a) with single-
thickness vénes, design 3, and (b) without vanes.

83 Compute the lost pressure for a diverging wye fitting with a 45
degree branch. The flow rate in the 30cm upstream section is
0:38m%/s, and the flow rate in the 15cm branch is 0.12m%s. The
downstream section has a diameter i 25cm.

8.4 Compute the lost pressure for a converging fitting. The flow rate in
the 20cm upstream section is 0.24m"/s and the flow rate in the 20cm
branch is 0.24m'/s. The downstream section has a diameter of 25cm

Assume (a) a 45 degree wye.
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8.5 A sudden enlargement in a circular duct measures 0.2m diameter

' upstfeam and 0.4m diameter downstream. The upstream pressure is

150Pa and the downstream is 200Pa. What is the flow rate through the
fitting?

8.6 Size the rectangular ducts shown in Fig 8.29 by both equal friction
method and by static. regain method. The system service residence
building for which velocity of air though the main supply duct is 6m/s
Neglect fittings losses.

Figure 8.29 Sketch for problem 8.6

8.7 Find the total pressure drop in the duct system shown in Fig 8.30. from
the fan outlet at A to F. The pressure loss through each outlet is 5Pa. The

system service a restaurant. Circular duct is considered.

A BEC DE
| 48 X12 |l 36 X1z |l 20" x 12 CIM
"E}" = o s ' 4 ml,
l* ’ )

3 outles

25007 | each

Figure 830 Layout of duct system problem 8.7
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8.8 For the duct system shown in Fig 8.31 determine the system total
pressure loss and fan requirements ( head and power. Take 77,=0.8
&1.=0.85). The fan inlet and outlet connection are not shown but it has
been found that the system inlet loss is 50Pa and the outlet loss is 20Pa. The

total pressure at each outlet for proper distribution is 25Pa.

(1000} “Oim 11000, L. £S
X A G T H TF T
| s T 5 '1L 5 > —7 »om
gx13 9Xx13 J ’
. {4000 7 (30000 ¢ ize00 7, o
M X B 24x13f 17x13 D 13X 13, E
1 9x13
J

RSN

Typical branch take-off

Figure 8.3 1 Layout of duct system for problem 8.8
8.9 Design the duct system of Fig 832 using equal friction method. The
velocity in the duct attached to the plenum must not e;(ceed 4.5m/s and the
overall loss in total pressure should not exceed 80Pa. Total pressure losses
for the diffusers are 10Pa. Rectangular ducts are required. The lengths
shown are the total equivalent lengths of each section. ( you are not request

to determine fittings losses ) '

Figure 8.32 Layout of duct system problem 8.9
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810 Design the duct system shown in Fig 8.33 using equal friction
method. Each outlet has a terminal box that requires a minimum of
125Pa total pressure. Other pertinent data are shown on the Figure.

(0.237 ms) .

(12.2m’

s (?m:,? g lg é@'p’“ n

Formed
183 m) ﬂ (0.188 m¥s)

entrance

(0.237 m¥s} V(9.1 m,
(0.283 mss) (9,1 m)

. Figure 8.33.Layout of duct system for problem 8.10
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Bearing support

Figuré 9.1 Exploded view of centrifugal fan.

Motion imported

i by Shope  — —— ~ = Resultingmotion e — o .
:r ';‘.',‘,’,‘;’""” 4 of gir leaving
o fanwheel

“~— Motion impar ted
to gir by fan
wheel rototion

f..__@__.f_

(o) [1-2]

Figure 9.2 Types of centrifugal fan blades. a: Radizl, b: Forward

curved, c¢: Backward inclined d: Airfoil.
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) I3

(a) (L] (e}

Figure 9.3 Types of axial flow fans a: Propeller, b: Tube- axial,
c: Vane- axial
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Figure 9.4 The characteristics performance of various types of fan.
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Examp Je 9.1

A centrifugal fan creates pressure of 375, Pa at rotative velocity of 900 rpm
and ‘Q of 24 ,m’s Estimate the capacity, total pressure, and power
requirement when the speed is increased to 1050, rpm. The initial power is

1.5,kW.

CJI)J-‘ d_,'\’j u_,t‘.m ?Ias:;...Lg
Ql /Qz =m, /0)2

Q,=Q, 0,/ W,
=24x%1050/900=28 m%s

P/P,=(0/0,)

P,=P (ﬂj = 375 x(1050/ 900 = 515,P,

1

N, /N, =(0o,/w,)

N; =N, (”_J = 1.5x (1050 /900)° = 2.4,kW

,
L0y Mol plii _Slas 151 9.4

9.4, Balance of Fan - Duct System
[Pr= £ (Q)] % sodd Bunali g [Py = £ (Q)] S5 (& il pllsi Al (55 o5 13)
da gyl g llanall Ao gline Jae iyl dued ol ki i, Fig 9.5 3 e 2 LS
e
Giliaie (eibed Jdad Jal e bt Ll Operating point  Jead) 4 dali 2ol 32504
: Lgda saae a3l gh Lyl \gd i Uil y 4o gyl
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. Operating paint Jed! a8 jlzal -1
Al Ao gliall (o T a5 Aadlill il graall g pUail Ca a3 AW Gl sl i das 22
Agia ot Bac Al )5S a8y alal (4 penae 96 Lo alias HUll
- sl 28 Olua dolha @
Lokl JelaS b€ Auila) Zaglia Hlictl & Y e
ki g L plie elilad) sl 35 058 o o
) game 9o Laa ST Slapny e Je ol ol sial @
Ao (90 el el Bl sa Jasia solely Sl Jeld aal oy o @
o4l dahd g Lee sl Gl el () o3 AL bl (e Ac pase of 2] Cigaa

“Example 9.2

The total pressure drop in the system for a flow of 3 m'/s is 522 Pa. It is
required to plot the pressure volume characteristics of the system. If the fan
used has a pressure volume characteristics given by the following
information obtained from test, when runmng at 19,1 rpm as :

Q(m's) 1.5 2.0 25 30 35

P (Pa) 542 520 488 443 338

Determine the quantity of air handled.

Jadl sl plasindy

(8

LR = 552(

vl
o

S

sk LS Py e jblall Jaaall o e Jeani Q I Adbida pd oUach
Q; (m'/s) 0.5 1 15 2 3 325
P, (P, 15.3 61.3 138 245 553 647
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Figure 9.5 Fan and system curves plotted together. Intersection is

operating point
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1 | |
1.0 20 30

Volumetric airflow rate m® 5™

Figure 9.6 Fan ~ system characteristics of example 9.2
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Effective duct length Jiaill ellud) Jgbs any Jolalt 138 Lokl of Cia ol (3 Sl o
tb LS bt Sl gl Ml@l sk ookl Alla 4 4l Ly i de ) 6 4
Duct velocity, m/s 125 15 20 25 30 35 10
Effective length / duct diameter 2.5 3 4 5 6 7 8

ot 10% oo 05 Y Ly da g pll 7 oa . SRl b gl @l 518 (5 S of Jiai
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l

FAN e et Fan \_/ Fan 4‘.-//
Good Poor Better
Long, straight, full- Sharp inlet turn_ Turning vanes
sized inlet uneven flow straighten flow
—
i
—t—
Good - Poor Better
Long straight discharge, Sharp discharge wirn, Tun:mng vanes
15° maximum spread uneven flow straighten flow

Figure 9.7 Examples of inlet and discharge to fan connections

100
%0 E""?-‘}e
ny o ¥, De,
80 + & & TCent
70 % /[ s
(=]
60 x 7 ¥
2
% CAY/\VAY.
' Y\ (4800
% \ %

» A
AR
EREEDIAGVAYATL

20 foc

VNS

Total pressure x 1071, Pa
Poy,
\;‘Q
' rg"’

%
10 ’X/ >
9 (0>
\ 1% ‘
8 Whee! diameter 413 mm]
; \ / ! putlel area 0.l|9 m?
50 60 70 80 100 200 300 400

Capacity, m3/min

Figure 9.8 An example of performance data for forward — curved

blade fan.
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9.7.Fan Installation Procedure Tl oSy o 9.7
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Alyy il I e lainaa U385 o g da g all 7 shey Jhae dlbesddl @Diag -2
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(40:80%)Q hll Jone Chuciia ie iy Ao g ) (palbiad (s da gl Jii5 -3
et g cailss (s 3y gaall o 3l jall (65:95%) Q a3 s Syl 2Bl £ gl

b3 Ryl Gogolall die @llsy Fig 9.4 (8 cuse g LS 2l Jona
t=20C° & p=12kgm®* & P=989I5P,

b il g gf pall (il 8 2 g sl a2 e e KN (6 pal padt DA Al i
walall o3 daat of Sl (e g Fig9:8 (o A 73l sl ol yid il gl Jesl jawy
Uyiad g5y el igly <, Tpm e ully « P, Pa bl Q, ms s o e
e Table 92, Table 9.1 (£l Jalnad pf g jedss ¥ (S0 Cilgindll e i S

885 il plledlt sass Hitachi , Carrier. @lS jdl # 5l jall (uailed. 730

Low velocity system i—aiiidl cile judl A bl & o 5l 4 pal o} aad
Al cale gl Al iy u__s;u.m BIVHCR PR PO P 5 FUION PUEFL S ) B
&b SPULY! Janaall . T Aia any s I bkl 2325y High velocity system
oS G iy SPor ESP e o ad ety ool (Solau) dei il ey ol
| cgtaad)y i) olaaid

Example 9.3

What static pressure will the fan whose performance curve are shown in Fig
9.8 develop at delivery of 100 m*/min to 500 rpm? What will be the power
required and mechanical efficiency at this conditions ?

@=500rpm g Q= 100m’/ min skl xic Fig 9.8 plaiiul,
7~ 53% & N=400W 2
P=130Pa. O aa Ll Hlasyh

Example 9.4
Select a centrifugal fan to supply 5 m’/s at 375 Pa .
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Table 9.1 FAN PERFORMANCE DATA — 0-300 Pa ESP — Sl

_‘ EXTERNAL STATIC PRESSURE (Pa}
war | ARPLOW [ 50 100 50 200 250
o | WW | s T WW | s | kW | | kW | e | kW |
850 34 | 0.17 | 7.98 | 025 | £91 ] 0.2 | 10.20 | 0.38 | 11.30 | 046 | 12.30
1000 .26 .24 8.10 0.32 9.53 | 0.40 | 10.80 0.48 11 B0 0.55 12.80
o~ 1180 22 | 053 | 8.86 | 041 | 1020 | 0.50 | 1140 | 0.56 | 12.40 | 066 | 1340
1300 317 | 043 | 964 | 052 | 1090 | 061 | 12.00 | 069 | 13.00 | 077 | 1390 |
—‘.ﬂ.ﬂ B.11 .55 10.50 | Q.64 11.60 0.73 12.70 0.82 13.860 .81 14.50
00t 563 | 022 | 767 | 030 ®M1 | 038 | 1040 | 045 | 1150 | 063 | 1260
SORM 1200 8.76 | 032 | 849 | 041 ] o8a | 080 | 1110 | 0.57 | 1210 [ 066 | 1310
"""m [ a0 7.89 | 0.46 .42 | 0.55 | 10.70 | 084 | 11.80 | 0.72 | 1280 | 081 | 1380
") 1800 %.01 | 062 | 1040 | 0.71 | 11.80 | 0.80 | 12.60 | 0.89 | 15.60 | D08 | 1460
1800 10.10 0.80 11.40 | 0.90 12.50 1.00 13.50 | 1.00 14.40 | Ki] 15.20
1200 558 | 0.31 | 835 | 040 | .76 | 0.48 | 11.00 | 0.57 | 12.00 | 0.65 | 1300
1400 7.67 | 04s | 925 | 054 | 10.60 | 663 | 1170 | 0.71 | 1270 | .80 | 1360 |
e 1800 A77 | 0.60 | 1020 | 0.70 | 11.40 | 0.78 | 1250 | 0.88 | 1040 | 087 | 14X
7800 986 | 0.78 | 11.16 | D85 | 1230 | 008 | 1230 | 1.07 | 1420 | 1.18 | 161
2000 1.0 | 0.98 | 1210 | 1.09 | 13.20 | 1,18 | 14.10 | 1.28 | 15.00 | 8038 | 1580
1450 7.58 _i 9.18 056 |1 10.50 | D.65 11.60 0.73 12.70 0.82 1360
sonM |__1670 873 ] 063 | 1020 | 0.73 | 1140 | 0.83 | 1250 | 092 | 1340 | 101 [ 1430
1900 993 1 084 | 1120 | 095 | 1230 | 105 | 1330 | 114 | 14.30 | 1.24 | 1510
o2 120 1170 | 1.08 | 1220 | 118 { 13.30 | 129 | 14.20 | 1.36 | 1510 | 148 | 16.90
2IE0 | 1230 | 138 | 1330 | 1.17 | 1430 | 1.57 | 15.20 | 1.68 | 16.00 | 1.78 | 16.80
1450 04 | 0491 957 | 0.50 | 10.90 | 067 | 12.00 | 0.76 | 13.00 | .85 | 13.80
1870 .25 | 0.67 | 10.80 | .77 | 11.80 | 0.86 | 1200 | 0.85 | 13680 | 1.04 | 1470
":“;‘ 00 | 10.50 | 0.69 | 11.80 | .98 | 1280 | 1.08 | 13.80 | 1.18 | 470 | 1.28 | 1560
2120 | 1180 | 1.14 | 1280 | 124 | 1390 | 135 | 1480 | 145 | 1560 | 1.55 | 1640
2350 13.00 | 1.43 | 14.00 | 154 | 1500 | 185 | 1580 | 1.75 | 16.60 | 1.85 | 17.40
1750 599 | 097 | 7.88 | 043 | 941 ] 0.59 | 16.70 | 0.75 | 11.60 | 0.92 | 13.00
aonst 2050 701 | 041 | 6681 0.60 | 10.10 | 0.78 | 11.30 | 0.06 | 1240 | 114 | 1350
2360 8.04 .60 .53 | 0.81 10.80 £l 12.00 .21 13.00 14 14.00
ol 2060 $.07 | 084 | 10.40 | 1.06 | 1160 | 128 | 12.70 | 1.50 | 1370 | 1.72 | 1460
2960 | 1010 | 1.93 | 1130 | 1.37 | 1240 | 167 | 13.40 | 1.85 | 1440 | 208 | 1530
00 §.43 37 818 | 0.55 865 | 0.73 10.90 | 0.92 12.10 1.1 13.10
0nM 2450 751 ) 057 | 906 | 077 | 1040 | 087 | 160 | 1.8 | 1270 | 139 | 1370
A0RMS 2000 858 | 0.82 .96 | 1.05 { 1120 | 1.27 | 12.30 | 14 1330 | 1.72 | 1430
o 3150 365 | 1.14 | 1090 | 1.38 | 12.00 | 163 | 13.10 | 1.87 | 1400 | 2.12 | 1480
- L] | 163 | 14.90
300__| J0.70 | 1.52 90 | 1.78 | 12.90 | 2.05 | 13.80 | 2.31 | 1460 | 258 | 1660
2100 565 | 039 | 839 ) 058 | 983 | 078 | 1. 0.85 | 1220 | 113 | 13.30
2450 7.75 | 0.60 | 930 | 081 | 1060 | 107 | 1180 | 122 | 1280 | 143 | 13.80
1020 09 50 | 132 12.50 1.55 13.60 1.78 Illﬁ_ﬂ_
1120 | V.44 | 1230 | 1.70 | 1340 | 195 | 1430 | 2.20 | 15.20 | :
| 1220 | 186 | 1320 | 214 | 1420 | 241 | 1510 | 268 | 1680 |
996 ] 109 | 71120 | 132 | 1230 ) 1.55 | 1330 | 178 | 1420
1790 | 7,55 | 1220 | 179 | 1320 | 204 | 1420 | 230 | 1510
12.30 | 209 | 13.30 | 237 | 14.30 | 264 | 1510 | 203 | 16.00
1380 | 276 | 1450 | L"i?v 1630 | 337 | 1610 | 367 | 1690 |
7480 | 3.57 | 1560 | 390 | 1640 | 422 | 17.20 | 455 | 17.60
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Table9.2

Fan Performance Table

C Multiplier: 1mmAQ=9.81Pa
1
Air Flow Externg! Stalic Pressure (mmAg)
) T 3 [afo]6 w|2z]m]w|m]onfzfal[x|zx]w
368 |rem| 720 | 750 | T80 830 | 860 | 830 [ 520 lonvldoao 4060|1080 | 1110 | 1140
i BKW/[ 005 | 008 {090 | 013|016 | 0.8} 021 032;1034'1/0.37:1:0.30'} 0.42 | 0.45
414]RPM| 740 | 770 |00 | €20 | 860 | 880 [ 910 ¥ 0 |1110{ 1130 | 1160
Brwl 007 | 010 (013|018 | 019 {022 [0S j:045]{ 0471050
ruAsaTag] 46 |"PM] 760 | 700 [ 810 840 | 870 | 800 | m30 1190
v b Bxw| 009 | 013 |016]019|022i 025|028 057
50.6 | RPm| 780 | 810 | 840 | 670 | w90 | g20 | 9SO 1710
BKW( 012 | 0.16 | 020 | 023|026 | 030 ] 0.33 065
552 [RPm| 620 | 840 [ 860 | 890 [ 920 | 250 | w60 1240
akw| 016 | 0.19 |o23|027 031 [035{ 038 0.74
552 |RPM] 690 | 720 | 750 | 700 [ @10 | 820 | 870 1090
Bkw| 0.06 | 0.10 | 013|016 |0.19| 022|025 053
521 |RPM| 720 | 750 | 780 [ 810 | B40 | B70 | €90 | 1120
" |exw| 0.09 | 0.43 | 047 | 0201 0.24 | 0.28 | 0.31 0.64
B rem| 50 | 780 | 810 | 840 { 870 | 500 [ 930 1160
RUABATIE| 9 | w013 | 0.18 {022] 027|021 | 035 | 0.0 62 0,60
759 |RPM| 800 | B30 | 860 [ eso | 920 [ 040 | e70 0(10801 1080 | 1120 1200
. " |Bkw| 0.20 | 025 |01 | 0.36 | 042 | 048 |03 0781 0.01 | 0.6 1.03
826 |RPM| 860 [ 800 |'a20 |ios0] 960 | 1000| 1030 1130} 1180} 1190 1270
BKw/| 0.35 | 042 [ 050 |:0.58 | 0,65 | 0.73| 0.8 112[192f127 1.50
72 |RPM| 750 | 770 | 800 | 820 | &S0 | 8a0 | 900: €30 1100
BKW| 0.90 | 015 {020 ] 025|029 | 034|028 8] 0. 083
a1 |RPM| 780 | ac0 | 820 [ eso | ea0 | 500 | w20 1130
BKW| 0.13 | 0.18 | 024 | 0.20;0.34 | 039 | 0.45 87| 0.93
RUAGATS RPM| 820 | 840 | 860 | 890 |-010:{. 930 | 560 : 1180
u % |axw| 018 | 024 | 030] 036 0.2 {048} 054 | 000 ] 01 108
oo |RPM| 860 | 8e0 | 010 |'920 | 980 | oe0-{ 1000 16301 1060 | 1080 1240
Bkw| 0.25 | 031 | 039 | 046|053} 060 ) 066 | 0.74 1 0.80 087 129
108 | RPM| 920 | 950 | 980 [ 1000 1020[ 1050] 1080 1430] 1130 | 1160 1340
BKwW| 038 | 046 | 054|083 | 071 | 070|083 | 098] 104 | 113 163
ss |RPM] 720 | 7s0 | 780 [ 600 | 820 | 860 | #00 | o10 | 040 {970 1140
BKW! 012|025 [ 031} 037|043 | 0as{ 055 | 061 | 067|074 110
oo [RPM| 760 | 790 | &20 [ 650 | 500 | 900 [ 430 | 060 | 0| 1020 1190
BKW] 0.26 ! 0.33 | 0.40 | 0.48 | 055 | 0.63[ 0.70 | 0.77 | 085 | 0.92 136
RUA.13aT3 | (1p |RPM] 800 | &30 | 860 { @90 | 910 | 230 | 860 | 990 1020 3050 12
| " |ekwi032 | 040 | 045|056 0541 072|080 08|06 1.04 152
121 [RPM! 850 | 880 |00 [ 600 | 97u | 1000[ 1020 s0s0| 1080 1140 1300
BKW| 045 | 054 [0.63| 072|081 [ 090} 099|108 [ 1.17] 128 1.80
132 | RPMI 880 | 620 | 950 | 990 | 1020] 10501 3070 $300] 1130 1160 1360
Brw| 055 | 065 [0.75| 085/ 095} 1.05{ 115|125} 1.35 | 1.&5 2,05
104 |[RPM| 740 [ 770 | 700 | 820 | 060 | 890 {-920 | 940 | 970.{ 095 1150
BKkw] 9.23 | 030 038 | 046|053 | 061|060 | 078 | 084 | 091 137
117 |RPM| 780 | 810 | 850 f 880 | 505 | ‘90 | 960 | 960 [10101 1040 | 1070 1090 1120[ 1140 {1170 | 1190
BKW| 030 | 0.39 | 048 | 056|065 | 0.74| 082|091 {080 | 108|117} 125{1.34( 1.43{ 151 | 160
RUA.15413 | o TRPM] 860 | 800 [ 920 [ 940 | 970 [ 985 [ 1020] 10401 1070 [ sos0 1120 1140 1170] 11901220 [ 1280
Bkw| 039 | 049 [0s9[ 060|070 |ee| 0| 1.08| 197{ 27|17 147|157 ) 166] 1767 128
143 |RP®| 940 | 970 | 990 | 1020 1040} 1070} 1080 1120 1140} 1170} 1190 | 1220 | 1250 | 1280 | 1330] -
pxw| 052 [ 064 Jo7s 087 |osaf 1012|133 145 16 [ 188 179|191 [203{214] -
156 | RPM| 1620 | 1050 | 10801 1100 {1330 [ 1150 1180| 1210|1230 | 1250 | 1280 - . B R
skwl o7z | 0ot [rosfrie{ 13| var e | rasfieel2mafar| - | - | -
RPM: Fan Speed(rpu1} NOTE:
BKW: Brake Power(kW) When the exiernal stalic pressure exceeds the
shaded area, oversized fan motor and or a fan
puliey are rquired.
A HITACH!
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Hitachi 20 0 do g e U281 Jybas
Gl agde (W AdsaiPa g Jase oa A0 SSll) Ll
ESP =375 + 9.51 =38.22 mm Ag
40mm Ag. sy w81 S daraall s
0484 Table 9.2 “a LS m¥/min s mYs b e 300 Joee Cuny
Q = 5m/s x 60 = 300 m*/min
Q=312mYs G Joee Jus3 gl ey
Al ol gally RUA - 30 AT354a 5l joas diay
Q=312m%s at 1170 rpm
N=668kW.

Problems
9.1Measurements made on a newly installed air- handling system were :
w= 201/s fan speed, 2.4m’s airflow rate, 3.40.Pa fan discharge
pressure , and 1.8,kW supplied to the motor. These measurement were
made with an air temperature of 20C°, and the system is eventually to
operg:ite with air at 40C°. If the fan speed remains at 20, r/s what will

be the operating values of (a) air flow rate, (b) static pressure, (c)

power.

9.2 A fan - duct system is designed so that when the air temperature is
20C°, the mass flow rate is 5.2, kg/s when the fan speed is 18, /s and
the fan motor requires 4.1,kW. A new set of requirements is imposed
on the system : the operating air temperature changed to 50C°, and the
fan speed is increased so that the same mass flow rate is prevails.

What are the revised fan speed and power requirement.
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9.3 A system of duct and plant has a total pressure loss of 600,Pa when

1300, L/S of air flows. A fan running at 11, r/s is coupled to the
system and has the following characteristics :

0 100 200 300’ 400 500 600 700‘ 800 900 1000 1100
450 457 462 465 461 445 417 376 327 226 194 100

(a) : Determine the actual duty achieved and the speed at which the fan

must run to get the design duty.

(b) : If two fan of such type are connected in series what will be the duty

of the system mentioned if they each run at 11,1/s.

9.4 (a) State three fan laws that describe the behavior of a fan given duct

. system and fixed air density

(b) A fan has pressure- volume characteristics at 10 1/s as follows :

Q (m%s) 00 05 10 15 20 25 30 35

P (Pa) 400 435 460 486 483 474 450 393
Assuming a square law relating pressure drop and flow rate in the duct
system to which the fan is coupled, determine the quantity of air handled
and the fan total pressure of 580, Pa when 3m'/s is flowing. At what
speed must the fan be run to give 3m’/s? if the fan efficiency is then 75%

what will be the power absorbed ?

9.5 A duct system has been designed for 150 m’/min at 500 Pa total

pressure. Would the fan shown in Fig 9.8 be suitable for this
application? Explain and estimate the total efficiency, fan speed, and

shaft power.
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G CEiLING
: DIFFUSER
PEHFORATED
CEILING PANEL

HIGH
SIDEWALL
REGISTER

WALL
DIFFUSER

Low
SIDEWALL
REGISTER

SLOT

FLOOR

BASEBOARD REGISTER

REGISTER

Figure 10.5 Examples of outlet possible locations

;_‘

IS

-

Figure 10.6 Windowsill location of outlet  Figure 10.7 Base board supply & return

RETURN OUTLET

Figure 10.8 Overhead distribution Figure 10.9 High side- wall outlet location
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Grilles & Registers Access door
Model DG & PR Model DGH - 14H
— Singie or double deflection. - Hinged double frame.
— Aerofoil blades. - Filter optional.
— Optional O.B.D.
- Adjustable / fixed blades. Door Grille
-~ Wide variety of sizes. Model DDR - 200
- V blades. double fram
- Various sizes,
~ Easy fixing.
Linear slot diffuser Louvers
Model DLD - C (S.R) - Quidoor mounting.
— Adjustabie pattern deflector. - Roboust fixed biades.
| - Choice of 1 up to 8 slots. - Available C/ W Filtes
- Supply or return. damper and / or bird 5
' - Various lengths. — Varions sizes.
i
i
[E—
-
: Square Diffuser Pressure Relief Louve
- Removable core ~ Outdoor mounting.
- Concealed fixing. ~ Gravity shutter.
-1.2.3 & 4 way. — Various sizes.
— Supply & return. — Optional filter and / ¢
— Round Neck optional. screen.
- Equatizing Grid optional.

— Coloured finish.

Round Diffusers

Model DD -7

~ Removable core.

~ Flush mounied.

~ High throw and low pressure
drop.

~ Supply or return.

Spiral ducting systen
— Galvanized steel she
- Lock formed seal.

~ Low pressure drop.
~ Various sizes up to !
- Fiting with rubber s
— Easy installation.

= D e e T e e A

F igure 10. 10 Diffuser rypes
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Bar Grille DLBG ~0° Y Bar Grille DLBG ~ 15° ~ {W

Mitered Corner Floor Grille DFG - 21H

Figure 10.11 Types of Grilles



DAMPER

Ceifing Installation

Side Wall Installation Floor Installation

Figure 10.12 Installation of grille registers for location of ceiling, side-

wall and floor.

250



0.13 Floor register
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Plenum Box without insulation

Single Instaliation DLD-C with Plenum Box DPB- C

Figure 10.17 Slot diffuser plenum box and installation

N e S K% DR Soe e N
7 7 535
2 CORRIDOR
SRS SHAFT
il il IDREE
e 1
/1 ! [ ' N
N 7| N
N H g i I N
_N e e '
i {
L TP UI R

Figure 10.18 Typical [ayoutyof ceiling diffusers
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MITERED
CORNER

LINEAR SLOT
DIFFUSER
(3-Slots)

LINEAR SLOT PLENUM
DIFFUSER BOX
(T-Shape)

LINEAR SLOT
DIFFUSER
(Octagonal Shape)

TURVED SLOT
DIFFUSER

Figure 10.16 Type of slot linear diffusers
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Ceiling diffusers 4diull 3l ol & (yonws (pu  Table 10. 3
Jakiall y das el 4ikiad) 3Gl el sa uu Table 10, 4
48 ghiall 4badll MUl ol s TablelQ. 5

[Example 10.1
Select a single round ceiling diffuser for a boutique shown in Fig 10.19. the

sensible heat load is 5275 W. The supply air temperature difference is 20C°.

——

T

I

|

i

20 Q\

‘ Air

| ditfuser
2

Plan view

Figure 10. 19 Sketch for example 10.1
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HM‘M‘ d}l d.\a.a

Oa=4qs/pcp Al
=5275/(1.2x 1.005 x 20) =0.219 m’/s ~463 CFM
NC =(40 - 50),dB dalali wiaoll Table 10.1 (e NC  ¢luia puiall (5 sie 32
10 fi (M= Throw Loy jlad<aeas o 35 Fig 10.19 o
Y Cliealsadly DD.L7 LdU il Tablel0.3 s
Size 8"
Neck area 0.349 F? Air flow rate 490 CFM.
Total pressure drop 0.37 WG = 92 Pa. Throw 8-13 ft =24-39m
NC =42

Examp7e 10.2

Determine suitable diffuser locations and throw for a room 601t by 30ft floor

plan if 2 or 8 diffusers are to be used.

x

e
Alr T
d/dnﬂum\. !
}*—515-—-&-1—-154 SP'
{

Figure 10.20 Sketch for example 10.2

ghoa dsb amase (M A el sy by il Gl gaall laie 3025 Figl0.20 (s Yol
156t saniy ¥l JS) Throw csaddl o Ml 306 Legse JS
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Problems
10.1 Select a ceiling diffusers ( round or square) to deliver 940 L/s in a
9mx 9m classroom .
102 A 30 x 15m pharmacy requires 3760L/s ‘of ar. Locate and select
three ceiling diffuser. Select alternate solution from linear-slot type.
10.3 A restaurant dinning room measures 18x24m and requires 53, kW of
sensible cooling load. Dgtermine the number of ceiling diffusers needed
for 3.6m ceiling height, and temperature difference of 11C°. if the
restaurant had to use high side wall grilles to deliver air from the 18m
wall. Select ( size and number) for this application. Determine the
pressure loss.
10.4 Select a square ceiling diffusers for the building shown in Fig 21 it

is a general office space. Dimensions are given in feets.

100
FZO 32 16
—— ————
175 cfm 280 cfm 140 cfm

Dimensions in ft

Figure 10.21 Sketch for problem 10.4
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10.5 Seleclt grille type diffusers for the room shown in Fig 22 for heating
mode. The space requires 850 L/s evenly distributed along the exterior walls.

Locate the diffusers on the floor plan.

3m) ceiling

. (24)

Figure 10.22 Sketch for problem 10.5

261



Table 10.2 Performance data for supply Grilles & Registers

R R
Velocity l
(Fpm} : 200 300 400 500 600 700 [
SIZE Static 0 00065 | 0014 0.025 0.041 0.056 008 |
(inch) Pressure 237, 00085 | 0018 0.033 0.053 0.077 0.104
("WG) 33 00105 | 0.023 0.041 0.066 ~0.095 013
CFM 100 150 200 250 300 350
NC <20 < 20 <20 < 20 23 31
12x6 Throw ) 15 17 2] 25 28 33
(Ft.) 22, 12 14 17 20 2 26
(AR = 0330 ) 45 11 12 14 16 18 Z1
CFM 133 200 367 | 333 700 467
12x8 NC i <20 <20 <20 <20 23 28
16x6 Throw 0 16 18 22 26 30 33
(Fr.) 227, 13 15 19 22 23 28
(Ak = 0.84 f.2) 45 11 13 16 18 21 24
CFM 150 225 300 375 450 525
NC | <20 < 20 < 20 < 20 24 28
1826 Throw 0 17 19 24 30 36 4l
(Ft.) 227, 13 16 21 25 30 35
(Ak = 0.46 ft3) 45 11 14 18 21 25 29
CEM 167 250 333 417 500 583
12x 10 NC <20 <20 <20 20 25 29
20x6 Throw 0 18 20 25 31 37 42
i (Fr) 227, 4 17 22 26 31 36
(AK = 051 R a5 12 15 19 22 36 30
12x12 CFM 200 300 400 500 600 700
18x8 NC <20 <20 <20 <20 21 24
24x6 Throw 0 18 21 28 34 40 44
(Ft.) 22, 14 18 24 29 34 40
(Ak = 0.68 fL.7) 45 12 16 20 24 28 32
CFM 232 333 444 556 667 778
16x 10 NC <20 <20 <30 <20 20 23
20x8 Throw 0 19 22 29 36 42 46
(Ft) 22, 14 18 24 30 35 41
(Ak =079 f.1) ' 45 12 16 20 25 29 33
CFM 250 375 500 625 750 875
18x 10 NC <20 <20 <20 <20 22 28
30x6 Throw 0 19 21 29 36 42 46
(Ft.) 22, 4 18 25 30 35 42
(Ak = 0.83 ) a5 1z 16 21 25 29 KE]
16 x 12 CFM 278 417 556 694 833 972
20x 10 NC <20 < 20 <20 < 20 20 26
24x8 Throw 0 19 24 32 39 45 49
[1:8) 227, 14 200 | 27 32 37 43
(Ak = 10£7) 75 12 17|23 26 LN 34
16x 14 CFM 300 450 600 750 900 1050
1§ x 12 NC <20 <30 <20 <20 23 28
36x6 Throw 0 15 24 32 39 46 51
(Ft) 229 14 20 27 32 37 3
(Ak = 114 i) 35 7 T7 23 3% | 30 34
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1able 10.3 Performance data for Kound ceiling diyffuser

SUPPLY AIR ROUND CEILING DIFFISERERIIS

" Basic Performance Data

Neckat;til! 300 400 | 500 600 700 800 | 1000 | 1200 §{ 1400 | 1600

Neck
Sige
(aches)

1
3§t

Yeiocity Pressure 0041 | 0.064 | 0091 }0.123
W) 0.007 | 0011 | 0016 | 0.023 | 0.03) 0161

Air Fiowrate (CPM)[ 60 80 | 100 | 120 | 135 | 155 ] 195 | 25 | 225 | 315
Towi Press. Drop | 0025 | 0041 0061 | 0082 0.106 | 0132§ 0201 | 0282 | 0.380 | 040
Throw (Fi) 35 | 36| 36 | 46| 46 | 46| 57 [ 57| er D10
NC a0 | <0 | <0 | <20 | <2 | 25| 30 35 39 | 45

6 | 019 | 013

Air Flowrate (CFM)i 105 140 175 2i0 245 20 | 350 420 490 | 560
Total Press. Drop 0021 | 0.032] 0052 | 0671] 0100 | 0122 0.183 | 0271 | 0.370 (0480
Throw (Ft) 46 46 57 &8 68 68 | 7-10 7-1 B-13 | 914
'NC - < 33 38 42 46

8
8
8
®
8

3
]

Air Flowraie {CFM)| 165 220 380 435 545 655 765 870
Total Press. Drop | 0.040 | 0.061 | 0092 | 0122] 0381 | 0242 0361 [ 0500 | 0.710 [0950
Throw (Ft) 46 69 | 710 | 7u0.) 718 | 813 | 914 .3-4016] 1218 {1522
NC Al e} @l @ 2 26 30 |34 » [ 4 | @

Air Flowrate (CFM)} 225 315 395 470 550 630 | 785 940 | 1100 | 1255
Tota! Press. Drop 0026 | 0041 0072 | C.701 | 0.152 | 0201 | 0333 | 049 | 0.670 |0.87C
Throw (Ft) 68 7-10 | 7-11 7-11 | 813 914 | 10-16 | 14-25 | 15-23 {19-27
NC <20 <20 <20 » 28 32 36 4] 45 48

Air Flowraie (CFM)| 520 430 535 540 |7 750 855 | wn 1285 | 1500 | 1710
‘ Total Press. Drop 0034 | 0051 CORO | 0.112[ 0.156 | 0201 | 0313 | 0460 | 0.600 |0.800

Throw (PY) 68 | B3| 915 | 1016 11-17 | 12-18) 1523 | 19-2 | 19-27 {2131

'NC <20 <20 | <D 24 29 a3 37 42 46 49

Air Flowraie (CFM)] 420 | 560 | 700 840 | 980 | 1120 | 1400 | 1680 | 1960 | 2240

"15' 140 | ose Total Press. Drop | 0.043 | 0075| 0.006 | 0.140] 0202 | 0262 ] 0413 | 0593 | 0.800 |0.980
. Theow (Ft) 711 | 914 | 915 | 117{ 1218 | 1523 1625 | 1927 | 2131 |25.36

NC a0 | 20| 2 25 30 34 | 38 43 a1 | s

] [AirFowrse )] 530 | 710 | 885 | 1060] 1240 | 1415 | 1720 | 2125 | 2480 | zm30
[ Towl Pross. Drop |- 033 | 0.052 | 0.082 | 0.113] 0.166 | 0220{ 0350 | 053 | 0710 [0950
Trwow (F) T 813 | 914 | 1016 | 12-18] 1412 | 1724} 1927 | 2131 | 2233 |2638
- NC 20 | 20| 21 2% | 3 35| » “ | a8 | sl

Air Flowraie (CFM)| 660 850 | 1100 1300 { 1530 1750 | 2150 2650 | 3050 | 3500
Total Press. Drop 0040 [ 0.065| 0.092 | 0.131] €182 | 0251 | 0450 | 0640 | 0.820 |0.930
Throw (Pt} 814 § L1-16| 1420 | 17-21| 1925 | 22-28 | 29-34 | 3440 | 4147 [43-50
NC <20 <20 21 27 32 36 40 45 49 52

x| 218 {09

Air Flowrate (CFM)| 940 1250 | 1570 1850 | 2200 2500 | 3130 3850 | 4320 |4950
‘Total Press. Drop 0045 | 0.070) 0105 | 0.135| 0.195 { 0.265] 0460 { 0.690 { 0.790 [0.960
Throw (Ft} 10-15 | 14-20 | 17-23 | 20-26| 24-30 | 27-34§ 354} 1 43-50 | 46.52 [51-58
NC <20 <20 2 28 33 37 41 46 50 53

% 3.4 1.23
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Table 10.4 Performance data for square & Rectangular diffusers

ts Square & Rectangular Neck
A L% NECK | A B A_B A B A B A_B A_B A_B
VELOCITY | 250 300 400 . 600 700 0O
G apty | 0om .06 uos | oo 0.104 0142 0.186
NECK T_CPM ) 7S o0 3 150 7% 00
srze ! ea | PATTERN I hc T iE 1o ) i 7z 36 s
6 DD-64§ SCFM 16 16 19 19 25 18 3 3t 37T N A4 A4 50 s0
THROW +7 59 6 812 913 10-14 H-13
SCEM % 16 ) 38 25 a3 5237 6 44 7 30
ol gas LPPS Mhimow [ 60247 | 70359 | oue il | 5812 | 1216 913 | 1317 10-14] 1419 115
SCFM - - 38 - - 63 ' -1 - 8 - 100
6 DD62S " THROW 512 513 118 217 1419 120 1521
i SCFM - & -1 AT _ 135 — 150 - s ~ 200
bD-61S THROW | 13- 1419 sz 1 e 1724 1826 T5.28
NECK M T30 3 5 381 EED 354 0
SIZE | amea. | PATTERN onC <18 s Y} RN Y 7 0 s
SCPM, 35 35 a @ 656 ™70 8 84 9% o8 Uz 2
K DD-645 THROW. 212 8-13 1614 i2:16 1317 i4-18 15:19
SCFM 53 35 & 4 8456 0s_70 127 34 14398 169112
L T THROW | 10-14 7-13_| 11-15 813 | 15-17 10-04 | Voi§ 1206 13:20 13-17 | 1622 1418 | 1724 1319
SCFM - T - BS - 113 ~ 141 N - |68 - 197 - 25
s DD-62S ™ miRow iz16 1317 1519 62l 1724 18-26 1927
SCFM i ~ 1% T ~ — 394 450
DD61S ™ THRow [ 726 S 231 Bn e
T NECK TFM 250 300 T a0 0 e 700 800 | .
SIZE | arpa | FATTERN SNC <18 FO) 1 % 3 35 40 “ S
SCEM 6363 7575 | 100 100 | 125 125 ' 150 150 | 175 175 | 200 200
12 DD64S ™ THROW 1S 1216 YT 15:30 7] V1) 1524
SCFM % 63 12 1 150 10 188 125 25 130 | 263 175 | 300 200
* o 00 TreRow a3 e 216 | 16n s 733 1530 19:35 1132 | 2027 17-5] 2139 1838
SCPM ~ s - s — 2w - 280 - 300 - 3%0 )
12 DD-63 ™ TuRow 1520 en 1824 e e 2131 2433
SCFM - 250 -_300 -4 i - s - 600 - 0 - 8w
i DOAIS ™ rhrow 19-28 29 wn | %% 238 41 3044
size | NECK PATTERN | CFM | 390 469 625 T 781 938 1095 1250 s
AREA [ snc 19 n 28 ! EE) 37 44 49
} T SCFM 9% 98 W7 17| 156 1% 1 195 195 B4 | 23 23 | oz mn
15 DB-645 " ThRow [¥8T) 1619 T35 1924 017 2i-28 F57)
SCFM 14698 176 117 | 33 156 : 203 195 352 23 | 41 273 | 469 30
P ise |0 T THROW (1721 1418 JR23 1609 | 2007 163 728 190 2330 3037 | 2392 31-38 ] 2331 229
SCFM ~ ies _ s - a3 - 91 — e ) - &5
s DD-625 THROW. 19.24 027 2 | ma 2333 2435 2639
1 SCPM - % ) ~ 6% - — o — 1098 ~ 1280
| | Pre T erow 231 7333 Fr XTI 946 3048 3251
TRECK T M 62 &3 TS 1350 1575 800
SiZE AREA PATTERN 1 <18 24 i s 40 a3 51 s
SCFM 141 t41 168 168 225 125 ! 2R 281 337 337 94 394 450 450
18 DD-645 THROW 17.22 0.2 227 329 2531 2632 23
SCFM i 214l 253 168 338 225 422 281 5N6 337 591 194 673 450
Pt L PP TrnRow 17 17m | onow 303 | 3s3 o T3rar 3339 2w33 9531 | 3935 %632 ] %% 783
i T scRM__ 1 - ) 50 - &) 415 - s ~ om
e DDA oW E) 31 i 2% X 036 3138 3240
: SCPM a2 ~ a5 - w - s ~ 50 ~ 1575 ~ R0
! DR-61S THROW | 234 W 32 ) 3547 eS0T s
NOTES. A P81 Supply pressure drop in inches WG

SIZE: Is the nominal neck size in inches.
NECK AREA: |5 in square (et
PATTERN: I+ Now paitern: as detaibed peeviously.

SCFM: Side CFM ~

THROW: In iget corresponding to 1K) & 5 FPM terminal velacity.
S.NC: Roesm NC fiw <upply hused on & db room efFect.
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| Table 10.5 Performance data for linear slot diffusers

B. Supply linear slot diffusers with 1" slot width

Number of Slots
1 2 3 4 5 6 7 8
CFM/Ft 10 20 30 40 50 60 70
Throw 4-7 7-11 7-13 8-15 917 11-19 11-21 12-22
NC <20 <20 <20 <20 <20 <20 <20 <20
CPM/Ft 15 30 45 60 75 90 105 120
Throw 5-9 8-14 10-18 11-20 13-23 14-26 16-27 17-30
NC <20 <20 <20 <20 21 22 24 26
CFM/Ft 20 40 60 80 100 120 140 160
Throw 8-12 9.19 13-23 15-26 17-29 19-32 21-34 23-36
NC <20 21 23 25 26 27 28 30
CFM/Ft 25 50 75 100 125 150 175 200
Throw 9-14 12-21 16-25 20-30 21-31 24-36 27-38 29-40
NC 24 25 26 28 30 31 32 33
CFM/Ft 30 0 0 120 150 180 210 240
Throw 11-17 14-23 18-28 23.32 24-34 27-39 30-40 3244
NC 27 29 30 32 34 35 36 37
CFM/fFt 35 0 105 140 175 210 245 280
Throw 12-18 16-25 21-32 24-36 26-38 3043 32-46 3348
NC k) 32 kel 36 38 39 40 41
CFM/Ft 40 80 120 160 200 240 280 320
Throw 14-20 18-28 23-34 25-38 28-41 31-46 34-50 36-52
NC 33 35 37 39 «® 41 43 45
CFM/Ft 45 9% 135 180 215 270 315 360
Throw 15-22 20-30 25-38 26-40 3044 3449 36-52 317-56
NC 35 38 40 43 45 46 47 49
CFM/Ft 50 - 100 150 200 250 300 350 400
Throw 16-24 24-32 29.39 2743 3449 36.53 38.56 39.60
NC 39 41 44 46 - 48 50 52 54

Tabke 8. Performance data for supply linear slor diffusers with 17 slot width,
NOTE :
®  Throw data (Ft) is based on terminal velocities of 100 & 50 FPM for horizonzal discharge.
®  NC values are for horizontal discharge. For vertical discharge subtract (5) from NC values.

®  NC values are for 4 Ft long unit and assume room attenuation 10-db.

265



11
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Outside Air
Supply Arr
Return Air
Mixed Air'

Chilled water supply
Chilled water return
Hot water supply

Hot water return

Filter
Cooling coil
Preheat coil

Reheat coil

11.2 All Air Systems

11.2.1 Single zone system
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Figure 11.19 Split — cassette unit.
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Figure 11.23 Arrangement of unitary air conditioner with supply duet.
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Figure 11.27 Draw- thru (a) and blow thru (b) Air Hand!ing unit.
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Figure 12.7 Basic absorption refrigeration cycle.
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Figure 12,12 General view of absorption chiller.
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Figure 12.13 Typical thermo- chill absorption chiller Sflow chart.
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Table 12.1 Performance data of absorption thermo chiller

Cooling Duty 5 Heating
Capacity COP Fual Consumption (MBH) Capacity  Fuel Consumption
Modet (lons) . Std Hi-EH. Std. Hi-Eff, MBH) {MBH}
ABDL-100 100 100 1.11) 107 (1.18) 1,157 _(1078) 1125 (1,013) 1,099 1.286_ {1,157}
ABOL-120 120 1.00 (1.11) '_1.07 118 1436 (1,293) 1350 (1.215) 1317 1543 (1.389)
ABDL-150 150 100 (111 1.07 (1.18) 1796 _(1.616) 1688 (1519) 1.651 1528 (1,738)
ABDL-180 180 1.00 (111 107 (1.18) 2,155 (1.940) 2025 (1823 1,880 2314 (2.083)
ABDL-200 200 1.00 (1.11) 1.07 (1.18) 2395 (2,166} 2,250 [2,025) 2,198 25711 _(2314)
ABDL-240 240 1.00 (111) 1.07 (1.18) 2874 (2)586) 2700 [2,430) 2638 3086_(2.777)
ABDL-300 300 100 (111) 167 (1.18) 3591 (3.232) 3376 (3,038) 3287 3856 (3471)
ABDL-350 350 100 111 10t 1.8 4190 _B.771) 3838 (3,544 3849 4502 (4,051)
ABDL-400 400 100 {111} 107 (1.18) 4789 _{430) 4501 (4,051) 4397 5142 (4627
ABDL-450 450 1.00 {111} 107 (1.18) 5387 (4,848) 5063 (4557) 4,948 5767 (5208)
ABDL.500 500 1.00 [1.11) 1.07 {118) 5386 _(5.387) 5626 (5.063) 5,49 6,427 (5,785)
ABDL-550 550 100 (1.11) 107 (1.18) 6584 (5.926) 6,188 (5569) 6,047 7.073_{6.365)
ABDL-600 &0 100 {1.11) 107 (1.18) 7,183 _(6.465) 5,751__(6.076) 6.595 TN4_ (6842
ABDL-700 700 1.00 131} 1.07 (1.18) 8380 (7.542) 7876 _(2,088) 1,694 8999 (8,099)
ABDL-800 800 100 (1.1 1.07 (1.18) 9,577 8.620) 9001 (8,101 8,733 10285 (9,267
ABDL-900 900 100 0111 1.07 (1.18) 10774 (9,697 10,126 (9,114} 9802 11,571 (10.414)
ABDL-1000 1000 100 (1.11) 1.07 (1.18) 11,971 [10.774) 11,262 (10,126} 10,991 12,856 {11,571}
ABDL-1100 1100 100 (1.11). 107 (118 13,169 {11.852) 12.377 (11,139} 12,090 14,142 12,728}
: ; )
— Dimensional Data
Standiard Etficiency High Efficiency
inches) Operating Shippi tinches} Operating Shippi
Modet Tangth ‘Wml— Height __Weight (Lbs) wzgh'? Length __ Width __ Height _ Weight (Lbs) wZ.Sn"f
ABDL-100 18 60 86 10800 9500 119 60 86 11400 10100
ABDL-120 126 60 86 11900 10500 126 &0 86 12800 11200
ABDL-150 143 6 86 13700 12100 143 60 88 14500 13000
ABDL-180 163 65 89 15800 14100 163 65 83 17000 15200
ABDL-200 178 65 89 17100 15200 178 65 89 18400 16500
ABDL-240 210 65 89 19300 17200 20 65 B9 20700 18500
ABDL-300 166 81 108 29000 25000 166 Bl 108 30800 26800
ABDL-350 189 8 108 32200 27900 188 B} 108 34200 29600
ABDL-400 212 82 108 35000 30200 n2 82 108 37200 32400
ABDL-450 234 8 108 38100 33100 234 86 108 40800 35500
ASDL-500 261 8 108 42500 36700 261 88 108 45200 39200
ABDL-550 283 86 108 47600 41400 283 86 108 50400 44200
ABDL-500 238 120 131 60400 51400 238 120 131 65200 56000
ABDL-200 260 120 131 64300 55100 260 120 13 71100 61500
ABDL-800 285 127 3 73300 61900 285 127 13 80300 63000
ABDL-500 310 127 131 81200 69400 310 127 3 88900 77100
ABDL-1000 266 150 145 93500 67300 266 150 148 101500 74100
ABDL-1100 281 150 145 100200 72000 28% 150 145 108200 79700
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AUTOMATIC CONTROL
FOR HVAC
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Figure 13.1 Control system components.
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Figure 13.8 (a): Two- way valve, (b): Three- way valve.
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Figure 13.9 Simple system with two- way valve to control flow.
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Figure 13.10 Three- way valve for mixing and diverting
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Figure 13.11 Using three- way valve (o control flow rate by mixing or diverting.
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Figure 13.12 Using three- way vatve to control liquid temperature
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Figure 13.15 Outdoor, exhaust, and re- circnlate dampers.
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Figure 13.17 Types of air flow dampers.
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Figure 13.19 Opposed- blade damper flow characteristics
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_Table 13.1 Ratio of Damper Resistance to system Resistance which
apply to flow characteristics of figs. 13.18 & 13.19 -

PARALLEL-LEAF DAMPERS OPPOSED-LEAF DAMPERS
Open Damper Open Damper
Resistance. Flow Resistance. Flow
Percent of Characteristic Percent of Characteristic
System Resistance Curve System Resistance Curve
~0.5~1.0 A 0.3-0.5 A
1.0-1.5 B 0.5-0.8 B
1.5-2.5 C 0.8-1.5 C
2.5-3.5 [o] 1.5-2.5 D
315-55 E 2.5-55 E
5.5-9.0 1 3 5.5-13.5 F
9.0-15.0 G 13.5-25.5 G
15.0-20.0 H 25.5-37.5 - H
. 20.0-30.0 ]
30.0-50.0 K

-

*From E. J. Brown, Heating, Piping and Air Conditioning, April 1960, p. 171.

0

HW
@ Compress . boller
T
L‘“‘E"j . Oit burner motor
or gas vaive
Figure 13. 20'Space control of Figure 13.21 Space control
refrigeration of HW boiler burner motor or gas valve.
@
col 3-way valve
‘l__-'_@ Terminal unit
. —_— —_—
/ 1
2-way vatve .

Figure 13.22 Space Control of water flow rate through terminal unit

coil in duct.
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Figure 13.23 Space control of air flow rate througa a damper.
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Figure 13.24 Space control of mixing damper for (a): multizone (b)
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Figure 13.26 Outdoor temperature control of outside and return air damper.
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Figure 14.9 Pleated renewable filter Figure 14.11 Roll renewable filter

Figyre 14.10 Manual replacemernt of filter media in pleared renewable filrer
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Figure 14.16 Example of various filter casings.
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P(x,)=P COSk (x-ct) (15.2)

‘ Joauall dad el 4 P ey

2r /A Ssalw i K
$ adl J) pSlall o puSaid) & peall laiaday

P(x,t)=PCOSk(x+ct) (15.3)
¢ (15.2) ostholedt a—ans Acoustic field pressure gvall Jadl dainia s Loy
P b LS (15.3)
P(xt)=PCOSk(x- ct)+P COSk(x +ct) (15.4)
=PCOSkx. COS2 rft (15.5)

D O (15.5) Wsladl G sy 5 jfinnall 2 gall Jaiuzs Aslaa Ji (15.5) Aol

, i) 2ad _aadl pe (x=0) xe
P (0,t)=2PCOS 2 = ft

daie Gaag Ll 138 . e ae 2P (N 2P (e Jakadall gy

I%a g 3472 .4, x=4i/2
15 gbon Jainiall (8 aaall e x = 4 /4 2

P (4/4,1)=2PCOS (k, 2/4) COS2 zft
= 2P COS %.co's zft (15.7)
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Figure 15.1 Standing waves

Pressure

Figure 15.2 Energy in wave
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(t) oM oo AR Gy | st Lalls (5 sbad Jaiacall 138 ek
gl 2 e sl Al (B G (i - Sa Standing waves  jiwdl & gl
A5 prall da gl e el e LS el y Tone (pib @lis (58 Ladie ad yo Sl s
OlSa e @l ety ¢lisy Sound Intensity < gall LS 4 ppiall 3 JaaDley @13y 3L
s vas (F dny Sgeall pulle plaw agay i Liad ions 5 il 45 peall Aa gall LAY

Alis L 5l A5 pen da go ko
15.1.2 Energy of Sound Wave gl gl Bl 15.1.2

305 Aoy 4V 01 yhme o 33ainn E 2l @i Fig15.2 5 A all 45y —all La ol
A ity e gadl Jab e JPAV (sl s sadl daiaall ) o) 5V S (e Jmaiall
e lany (illall g gana (U772) p AV (5505 (A9 U, /S Aoy 6 Jgll iy 2 S

 E oy
A A2
E=[P.pddx+ [~padc (158)
sl Sl
AP}
(15.9)

" 2cof
E Tl T pa e e Uyl el 28U s 3 5

15.2 Sound Intensity gl dud /5.2

13 . Wave front 4 gall gl dals s2a o) Ciguall 308 (0 550 ma T Cipall 505
] & gall ABES 6 (1) L lad Chiai s S S5 4 ilS

1=E/M4 7 ¢ , Wim® (15.10)
tol sl daraall e 2SS \ganmy oS T o8 (15.9) Aslea jlie ) 8 G2A1 13
I=FE/A.p=Pi2pg )/ _ 2. Wim? (15.11) *
A 2pc
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Y ol oda aal g (i 3 Gl Spall ean of B B (15.11) Ablad) A
36l (g A gl i pall T 5 0n (b il el iemn (805 5 plae L S
ol Gl i3y & geall 335 (o das 5 Ll (15.10) st Ll 4uld (S 5311y lauaal
Root- mean square Jaall ooy Al Aad) o gia (Jd SIN (58 a0 55 Adi gl 4= gall

s (15.11) abslaadl (8 (Po/ /2 )i st Py 1S |jbucia!

[— 12,: (15.12)

a_)\AL]aL.a.'a_,t:ZZCO 3)\_)&1.4_,.\.\3—.!‘—;[,.1.1.\.1:_»»_,“ L.A_,\SAQ—&'&JL}—L pc

pC =406 Ns/m’ i 101.325kPa

Example 15.1
The peak sound pressure in a spherical wave measured 2m from the source,

is 2Pa. Determine the root mean square pressure, sound intensity and sound

power.

P=2Pa , p C=406,Ns/m>. , r=2m

Pomy=Po/ 2 =2/2 =144 , Pa
P(n:;,-;)_1414
I= e = ae = 3483.10° , Wim’

E=Al=41 1
=4 x3 14x 4 x3.483.10° =0.175 W

15.3 Sound Power Level Sigaalt 808 (Same 15.3
38 (5 e oo el (S LeS Qg Lo (Sgea paas (e Asadall 508l e il Sy
dB Juepaly PWL & palt

PWL=10log £ .dB (15.13)

Fo
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& J5a5 10 ook Jalaa (A e ymag Bel il o4 (log E/Eo0) il saay o voss
L3 8 5 e Gl g 30 i S OB

(W) Seall yhan (e Donsidl 50 E

102 W (s s 2 5 Reference ( dgmaall ) 4ubsill 5 0l Eo

Examp Je 15.2
Calculate the sound power level of :
a) a whisper that emits a power of InW.
b) arocket engine that emits 10 MW.

-9

a:PWL=10.log 1‘3_,2 =30,dB.

7
b PWL = 10 log == 190 dB.

Coguall laking Bukd lsgaue 15.4
15.4 Intensity and Pressure Levels Sound
Abslaally ey IL & guall 338 (5 giune
IL = 10 log 7’;,‘13 | (15.14)

107 W/m® s i a9 Reference (dsa pall ) Zumslilll & gual 502 To S
Yolwally (o SPL Qi puall haieia 5 giasa

, dB (15.15)

SPL = 20log £
(4]

P
2.10% Pa (s s s Reference ((oas sall } (ouskiill Jaiuall Po

Examp7e 15.3

Determine the sound pressure at a distance of (a) 2m (b) 4m from the source

mentioned in example 15.1.
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p=2Pa &  Puuy=1414 r=2m e
Po=2 107 Pa ;i cuay
(15.15) Asbaal) 3k 5
SPL = 2010g 2
(a.414)° 414 )*
SPL =20 log @197V = 197 4B

r=4m ac

P(rms) = 1,414x4=0.7071, Pa
SPL =20 log %

a

=20 log %—181 dB

o (g fina (yayidi (M (3% Cigeall jiime (e Ailuddl dicline o gy JhaI I3a s
S gual
155fCoﬁ1bindtion of Sound Sources g j3lan A 15.5

o gl i (b gheny gl Jhuae oSS e el gl W55 oAl el 4
e ya g Uy pead 13 (i) Mig;ywnn)ubu_.‘uu)_.m_\us
_ 1} L gl 13] 4 ) guall
SPLy ¢ I; od ¥ yiesall s goall Jaiis (5 ginna g 12 gual 32
SPL; ¢ [; . Al jacadl ¢ guall iz 5 gise g < guall 505
A & geall 305 8

Imml I +lz (15.16)
' glg‘ C—!)-n.aj‘ b _5_,3.-;4
SPI-/mt SPL; + ASPL : (15.17)
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= (SPL, - SPL,) aNas \gle Jpeasll (S Ailins 3ad (e 5 3be o2 ASPL &
Fig 153

15.6 Sound Spectrum Sl il 15.6.
3 Jha Cigeall 395 a8 Jidad b Aals Agaal 4 SPL Gl bk (5 gisie 43 —na f
22l (8 b Cogeal Bad St st (63 5 Jme (81 (b A e 5 59 gl e 055
ey ba AiSle (o 5obeall sl puadl Qs i 1 e o JUall gl b giall g aaisill
13 .SPL SN 5 goall Joiaiall (5 ginna (o3 Lo ) gie Jaman (pn A0Sl 02 Al A
(Sar elia gpuiall 3a (8 lllaadl 3 ol ggdl iy Aaii Age jo ot sl dlia LS
cola guall 838 33 5 a4l sl gl pua gy g Wi

G ) iy Jlaal 38 .10000Hz (s 20Hz o 7 5 5y gb—sl) 3 paas Jlne
: Y pudis Octave band 2o fll cilidas

63Hz oS a5 90 Hz: 45Hz Js
125 180: 90 Sl
250 335: 180 )
500 710 : 335 A
1000 1400 : 710 L
2000 2800 - 1400 bt
4000 5600 - 2800 ol
8000 : 11200 - 5600 el

4 ghlaall 20 il s s 5 Octave band analyzer oubll 20 o Sl Jtae o oy
- Ainiia 3 ) gea sl (HSay (Gaill 3gd binlall (5 e 50 Suag

Example 15.3
Three sound sources provide equal SPL readings at a receiver when active
individually. How much higher 1s the combined SPL when all three sources

are active than when one individual source is active?
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Figure 15.3 Total SPL for two sound sources

14

5\

Figure 15.4 Sound absorption at surface

10
o = B R=5m?
k= ) lT -
PN T Ol
g TR 2
-10 . = 50==
— .
i NS 1%
s -2 Do = 500=
‘< \ el b
o == 1000 -
N
- i \
-4
02 0.5 1 b4 3 s 10 20 30

Distance from acoustic source 10 receiver, m

) , ‘ Figure I5.6 Vibration isolato
igure 15.5 Difference between SPL and PWL for rooms of various

characteristics.
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O ¢us ) 3dB » ASPL il 3ill 8 saly Gy (b pall YA an e 1

o5 oo Jo¥1 Jlanan Ol yaaa ol (5838 Figl5.3 kil jhe 5o (o jaadll o G-

3dB (ssti A SPLy Lagi (35—l (3988 (SPL43) (it Yy (SPL) (o 41 il

odia Ciline Jiaa (3% J5 3dB s gl (3 e o) 223 Figl5.3 (Y g s—a b
38 Ggall bk (5 g Aiasa 588 .ASPL, = 1.7

(SPL+ 3) +(a SPL,)

(SPL+3)+1.7=8SPL +4.7dB

15.77 Sound Absorptivity Sgaall S olaa¥1 15, 7,

Cia gl (B Lo giad g & gadl 300 5tk Jiad] () ol e gl Sl
LS uSaiy HAYH (aadl . lgaiamy (abiaial e il pan) any 45 guall Aa gl palaas
oo (patias Lo b (o o Lineylgiad 45 suad) A gall O (5 4iey Figl5. 43 0o 38
e el 5 jute el e 31080 phaudl die pSas AW ¢ 3all ghgey 2l da le
(e 45 Absorption coefficient{ & )pabaia¥! Jalxa; 4 3—all L gall ol .aisl
: Aotaally Aslaalt
O =1,/ s (1518)
WM pdand) Aaul gy Jaiadl O guall 335 Ly, Zua
Wim® el g pdaadt e Jaild) o geall 5 Ty
0.0SQJ 0.01 O il 3l o el 1 3T () guall aliaial Jolna
Jabes dad o JSHL i 58 Laay 0.8 302 o ipall i aldll pda
Ngaaliaiial Cameay Aaididl itas 3 G s f 30 510 834 30 235 (5 s—aall alaiayl
Adlne iladl g gy gudag 13 Y o guall Galadl prdansS oh s Jalaall 13 310y LS
38 Jigad e Jed O guall sl (Material) st asbe of o @13 i La
Cozas LS 3y $ig 5 e hailall Guaddl ol gell A8 )a . oAlSaY) daiii 50 o ) o) ggd!
A8 e e 3 die Sa L eadl sy Wi e
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Lo giall el aliaia¥) Jalea o Ailida mhasf 530 (e (5055 5 aall co SIS 1Y)
Aaleally digsed (S0

(15.19)

Aaha C.LuY! dalis S, S, S Gua
Adbadl sl geall geliaia¥! Jalae &y, Ky, A

15.8Room Characteristics Bl oles 15. 8,

3 leie Yoy beulsd oS Y 5 il 00 L Leaddy (N 3 0l O gl aiae Lo 8 S
sic SPL Jaaally PWL 30l o &8s Wilo allia (o aas i)y .32 0 (o3 Joaiall by
ya Large enclosure S Cidas a_jlie! (Say bl 4l .eall jiean Loa &l e
- A ASgeall da gall Syl e Sh Ll Waalagd

s s Room constant &i_adl <l R Jelaall G i 13

R = 3x¢@ m®, (15.20)

m’ 4 A el dabia f pane § i

< Sgeall alaial Jals X
Ul s3a 8 & geall alialal' 5 2l 2ol ol € sl (@ = 1) o Lisel 1)
A gl S of sl (=0 ) wil€ 13 Anechoic < peall dislas 3 il o iy R = a0
gy 5 el e oy Reverberant o seall 535 50 o L8l @, all o iy 4 ulSel]
| D gmall jiaa e 4B S (SPL - PWL), R o e
gl 508 o Al 3203 Sy R Al i dagiy geall jaae e e B RSy aa
Figl5.5 & aisa 48l 238 .SPL & guall butia [PWL
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15. 9 Rating and Noise Criteria  slogall Jlrog 33035 15. 9/

f o Sl el o Ao ganay ja (Small 23 Gl G Al lone
Aaki (a0 D gl Jakida g gins (8 i b 5 Loudness level 3 lgall (5 i -1
gaiaall Agaa S ja (o4 1000HZ W20 55 Pure tone adle
bl sliagiall pe pad (M (NC) sbispeall s pus s Beranek il — oLG -2
Jundl 138 8000Hz Y 63Hz o ol 52 Band level aa il (3Ltas 5 fiuie jpsail
el sell g slia s b aily 5 Sy naa e oS J6 b AN Ll Cidosly Cilia,
Sll M Oguall JS115. 10,
15.10 Sound Transmission Through Buildings
Juy Reverberant field & guall (uSle Jlae al g SlaSlal G e Jata Lol Silandll
sl Bl diey Ay phau il S
dale o yoy A0A0AN wlan) Agdais o s oy CLSL Gipe DA Ggeall QS aaiad]
LSL il ) LEY) praaill (i Aalayy Sound absorbing Material < p—all’
- gl JE i) palf 5 ghall iy Apaw Shana i g il g Ll gy
| LClGaol! Lot g sliogaalt yolane 15, 11
15.11 Sources of Noise in Mechanical Systems
514l s Compressors daél geall s daiii ol sell i Akl 8 el gl Likm
oLl y Dust systems @il Zakl S ¢l sghl s 3 Pumps <lalllt y Fans
Ay lall Cla s iy Air outlets el sl a5 dlias Water pipes wa—sl¥l Dia
eliaguall e 22aS Al 6 o -Ses Silencers g—all Gloaiie Aay Terminal units
ywwcﬁu&@ﬁ*bﬁ‘ﬁs}ér‘ww—‘u&}—h - ety
Aeadle Gk sliaguall
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15.111 Fan noise | gyl sliog> 15,111
OIS 13wl ()9S Jokall 138 LeDIA & dakn Loty An g el (o) e olsgdl g pma aie
Lo byladas byl 590 Gua Snay Lo 1ol s .Laminar vt bl
Za g pall i die XS5 5 0 plin puis Appune Cilagd rgin ity Lae )l el ol

: Ll =2 2y Fan outlet
il iad el (e (ltlally Pump i Sy) & ol all a5 3 -]
-Figl5.6 & pudl€ (sl J& (J Vibration insulator
o qainy iy o iy Ao g pall s sie s peall ol 2y s Sl 5 plakiend -2
Oty SV ey el Ql)lﬁ&laé&gﬁlﬁ?@ag}nhhﬁl_su_lc@h__ﬁﬂ!
sy all z saa o Sound trap < pall sxas ca 5l Jeai¥l aua i Figl5.7

15.11.2 Noise in ducts ol slogd 15.11.2

Dl aladtiud (4 la e Led o guall aiids (S Straight duct il Gl @
e (ya e ja (pa 959 s-a g Fig]5.8 Sound attenuation filter <ip—all o i35
A Slalgall el e o6 Baffles 4ua 9 adolia ol judl slash b 4 dilsy (o S
s gull (yamgiss ¢ oy el A a3
ot O A LS Hanger brackets wibudl b el Joal ya (s Aiboasdll 4 6 @
| -Figl15.9
Abiaal el a1 om Figl5.10 & AandiS o3 Aol Aipe SOl my phasi ol o
gl Leall el
ey ebis gl y 5 jadl J el Jens (al pdla padll Bals o Al anisai @
gl AU aud P slall 3 el ja¥) 13 lic]
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Centered in wall
Best selution

Controls duct borne noise and mechanical rom
noise that “breaks into” duct.

Dutlet al wall
Very good

Practical alternate whese fire damper s required
at wall.

inside mechanical room
Fair

Mechanical room noise “breaks into” duct
without reduction thiough sound trap.

Outside of mechanical ream
Poor

All noise in duct “breaks out™ over occupied
space hefore being reduced by sound trap.

Figure 15.8 Sound attenuation filters
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. Spiitters, turning vanes and hanger hrackets

5 PWUBE Invisidle Tlange lonl i Riupnym Si mm
7 295N ler Conaettor flange fol o Auminium 3 B
THROT humsibie Plange Juat 1 Kufuisum 20 s § ITNGE Cowenng Angic o Pobymes 3G mm

§ THESE Invibie flange jount in Potymee 30 mm

1

7 IWERY imaubie flange keat i Fotymer 20 it

3 2HUBS lee Conector Flange Joumt i Aumininm 20 mm W TYGN@4 Sectan Bar Suppating ket Yibeatwn Sheet

& YUt HSamon v Polymer 11 TI8HOS Aot-Vibration Sheel He 100 mm

S TVEE3 Comswg Anghs s Poiyme 20 8 12 TE8EOT 7wmc-Coated Steei Angie Brackel A mm
13 21E82 Linc Coated Steet Angle Stacker 3 mm

Figure 15.10 Anti- vibration sheet for duct - sections connection.
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15.11.3 Elbows ' Elos¥t 15.11.3

525 Las 020l 5 poaliall ol ggll pli ) pabad (o 1SV (b el gaiall 3155 4y i 0y
A3 1S ahadtiaady Laieall 138 ol (Sl 13) . A psall A pall S dak i g g o)
15 S0 A 53y Lo guane ol guiall (5 (5855 Fig15.11 i AiudlS Splitters cilga go
paniadll ke G s el AL Jglandl g Ay il IS e g gall o3 b il
-500 Hz ) 36Hz (e duamtaiall Dl il 3 ald Giled_ja W1 038 pn L g (65
OMogll S slogal! yaai 15.11.4
15.11 4 Sound attenuation in transition offsets takeoffs
Ll 51891y (T)aslly e yilly Tramsitions  <ba sl o LSl 48 4 willy
P de Al 4t (4S5 ASS el pa] HATL e @ guall i oy
O0sS5 e aeld ¥ (I & yilall Cleliad¥l pladdiuly lgie Yayy solall el ai¥l caiai o
L e Ubis 2l 53 il g
5% e u P Y5 phea e Aoyl plaiind @
s Jolall 036 (aamy ol gell Gl plaual QS e Jaad Sl ply gl Glgage aadi ul ®
co) gl elllsa Aelival P3 AS )k Lgmyiiay
Problems _
15.1 A tube 1.5 long has speaker at one end and a reflecting plug at the
other. The frequency of a pure tone generator driving the speaker is to be set

so that standing wave will develop in the tube. What frequency is required.
15.2 The peak sound pressure in spherical wave measured at 2m from the

source is 2Pa. Determine the sound intensity level and the power level. If the

distance is then doubled calculate the IL and PWL for such case.
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Guidelines for
minmizing
regenerated noise
in elhows.

Guidelines for
minimizing
regenerated noise
in the takeoffs.

Guidelines for
minimizing

regenerated noise

" induct tees.

Guidefines for
minimizing
regenerated noise
in transitions and
offsets.

—
-— [ = —
= 2
e = I
@iﬂ‘ >122
Square 7 Sare with long Lot radous
tr, ring odge with vanes
r, vanes!
Squarnlshuﬁmul i

1 Airfhaw velocity -4 precesily of upstream and downstrea fittings and fans determioe which type is pr:lu;lilit
2 Tailing edge le:.. {h showld be al ieass 3 times the vane spacing.

Moisier solution Better solution

J

T 1IN

— =T
’ 1 |
"—_—5>/ i !

Figure 15.11 Guidelines for limitation of self- generated noise
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