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v" Cooling and Heating Loads Calculations (Manual Method)

A5 A%y sy 451 ad) Jleal) s
Required data for cooling load calculation
4 ad) Jlaall) claad e oY 4 llaad) il & L
1. Building location and orientation

Sliadl S Ard bl b 580 Auall olad) g 5 AY dlaa (e Adbide LAl Cig il oY (Abaall) Al gl £ 5 pdall l<a
Aadl o ¢ gSia Jleal) qgiadl slad) A Aual) ol

2. Outdoor design calculation
el o) g Glsa o aalad A g A A Glsal) Gig ol
3. Indoor design calculation
Gkl o Al A g lAal olSal) Cig ol
4. Occupancy Schedule
(Ol alBEY) aae) olsal) Jlad)
5. Lighting
selay)
6. Equipment Schedule
il dnal) (pa S Jlad
7. Ventilation

Ay 9¢)

v" Building construction
R g il 1 ) el cdlbudll o 658U construction (SLaR) 48 e lax agall (e

v" Qutdoor design condition

3385 Ty | al) (1S 48 e P (1
Tdab 3 dry bulb temp
Twb = wet bulb temp
Cairo (Tab=105°F , Twb=78°F) Alex(Tab=95°F , Twb =84 °F)

/https://www.weatheronline.co.uk g@se J3& ¢ra e 5Y Ladaat ¢Sa

v" Indoor design condition

bl ua e
[T =24°C, RH = (40 : 60) %] Residential <) ,g.di
For other application = Ashrae application 2011 35S ¢ 4la0al i g all 48 e ¢Sy clipdail) (3L
\ 2 Y
Jaall g 6 [Load type ] Jaall Jiaa [source of heat ]

- v
\2 R4 \2 R4
wusuas Jo> 'gansible Qs Latent QL Internal External Ventilation

ugmna € (alS Jaa A A




5 5all daal dana (anigall || AU 5 olac] el Jlall clea - JsY) Ul dane Al g uaigall CanSill 5 5 90

oAl daa (b it dde il oA g 1w puaal) Jaad)
A ) phase 1 s dde il Ll 9 80ad da 2 A ikt dde @iy ¥ 1 0alsl) Jaal)

(o) el g el slad] g Gla ity Y sASA) Jleal)
Lights .\
People .Y
Equipment .¥

g al) IS8 AN g Guadd) Aadl pa (gl ual) Jaad) e el slad) g (S iy i Jlaai s JAD Jlaady)
Ghu\i\ g luludd)

Internal loads

1. People load yalddy) Jas

Q) g Jaa
b) xS Jaa

Qs = Nof persons * Qs/p
Watt

QL= Nof persons * QL/p

Jdlaa (e 4gle Juand 18 g person activity gedil) bldd cua o el ¢ 9Su (alsll g (u gunal) 2o ol o) Jaa o
il a5 paal) 368l gl (g il

43 a1l A8lal) 5 ))ald) da s N Olal) BARA| PP

o
(S,

Ly uregbas | ASa G palla

Sl Gulaa das Jsbng oudla
~ R Gl i iSa Jas
albls

Glsml—dylad cdlaa
a)Spa

Cildawa

gl trhas (e g
asllaa JS¥1g sl
auid Jlesf-ailaa il Jas
o)) Nla Jaina (a8,
Jagia Jlasi-ailas A juy  pial)
Al de /s

ladi-Eidsd) cal Qe Jos

Cudigal) B (o gl (ol 811 200) Sl (5 jlarall (AL DA (e Laf iy oy 4B jaa (S GlSally GalAEY) 3c o
Ashrae ¢ &Y B e la) g (5 jleral)
oaAEY) aie 4 ma ally (el Aol dra gliay 9 (addi aS Al a pa sie Y 0 JS el Guua e J g8 Ashrae 35S e




654l deal desa Gutigall || LS 5 dlac) 4ol Jlaa¥l clas - J Y1 Ll e g udigall Can&ill 5 ) g0

Light loads 8sba¥) Jas
(il gy Adle (ganl) (S g Jaih (uguna Jaa gb @
Qiight = Nof1ambs * Qlamb Watt
AUl 48 phal) aladie) oy ol sl Sl (udiga (e Lgale Jganl) ol dgal JS Jaa g ilpalll 220 o

= fl ( 2) x light int it K Watt
Qiignt = floor area (m ight intensity (mz)
Grbill G o g paal) 3980 g (5 il Jglaa (e Wle Jgaad) (S sBelaY) 304 Light intensity e

TABLE 9.5.1 Lighting Power Densities Using the Building Area Method

Automotive Facility
Convention Center
Court House
Dining: Bar Lounge/Leisure
Dining: Cafeteria/Fast Food
Dining: Family
Dormitory
Exercise Center
Gymnasium
Health Care-Clinic
Hospital
Hotel
Library
Manufacturing Facility
Motel
Motion Picture Theater
Multi-Family
Museum
Office
Parking Garage
Penitentiary
Performing Arts Theater
Police/Fire Station
Post Office
Religious Building
Retail
School/University
Sports Arena
Town Hall
Transportation

Warehouse

Workshop

Common Space Types? LPD (W/ft2) Building Specific Space Types LPD (W/ft3)
Office-Enclosed . Gymnasium/Exercise Center
Office-Open Plan . Playing Area

Conference/Meeting/Multipurpose . Exercise Area

Classroom/Lecture/Training . Courthouse/Police Station/Penitentiary
For Penitentiary . Courtroom

Lobby . Confinement Cells

For Hotel . Judges Chambers
For Performing Arts Theater . Fire Stations

For Motion Picture Theater . Fire Station Engine Room

Audience/Seating Area . Sleeping Quarters
For Gymnasium . Post Office—Sorting Area

For Exercise Center . Convention Center—Exhibit Space

For Convention Center . Library
For Penitentiary . Card File and Cataloging

For Religious Buildings . Stacks

For Sports Arena . Reading Area
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For Performing Arts Theater

Hospital

For Motion Picture Theater

Emergency

For Transportation

Recovery

Atrium—First Three Floors

Nurse Station

Atrium—Each Additional Floor

Exam/Treatment

Lounge/Recreation

Pharmacy

For Hospital

Patient Room

Dining Area

Operating Room

For Penitentiary

Nursery

For Hotel

Medical Supply

For Motel

Physical Therapy

For Bar Lounge/Leisure Dining

Radiology

For Family Dining

Laundry—Washing

Food Preparation

Automotive—Service/Repair

Laboratory

Manufacturing

Restrooms

Low Bay (<25 ft Floor to Ceiling Height)

Dressing/Locker/Fitting Room

High Bay (=25 ft Floor to Ceiling Height)

Corridor/Transition

Detailed Manufacturing

For Hospital

Equipment Room

For Manufacturing Facility

Control Room

Stairs—Active

Hotel/Motel Guest Rooms

Active Storage

Dormitory—Living Quarters

For Hospital

Museum

Inactive storage

General Exhibition

1.0

For Museum

Restoration

1.7

e Equipment
1. Kitchen equipment
a) Sensible load
b) Latent load

.[20:30 watt / m?] g di 3580 B 353 90 (fa Sl o1 @

Equipment load <laxall Jaa

2. Other equipment [computer, printer,...] (Sensible only)

Qf = 2(1—7]) E

° QE;’Q‘MéJ‘Jﬂ‘JA@J‘
o 1 33 sall 3elis (Motor efficiency 80-90 %)
e E 33 energy rate (Motor power) from Ashrae according to application
A8 guina Jaad) ¢ oS Cilara Cuwd IS 1Y) g cpalS g (u guna Jaad) ¢ 9Sa G&éﬁdﬁy&‘ﬂ‘ UH\J\AQA °
a8 guuna Jaal) ¢ 5 frdaal) (e 8_AN) G HoOd 4: fraaall (1S 13) o
Ll YVe dadds gl g V0 gl A Claad) il e

SAY Cilanall Qr = Nof equip * Qevery equip

s al Qp = Z(l -n)E
https://bit.ly/3m7PNKO (Al Jag ) Jadda) 4y <l cldnall o 580 Jglan (e ddad o Jguaall v/

External loads 4 &) Jlaal)

1. Transmission load
2. Solar load
(OSal) slat) g puda g iy 8 Jlaal A e
1. Transmission load 4z kuall sall 5 clSall ¢y ba Bl adl o ya (38 (e g8l Jaal)
a) Wall
b) Roof
c) glass
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a) Wall (heat transfer through wall due to temperature difference)

LI Hlsall s Lyl 9 5,0 padl A a (Gadatl) s 5 (24 °C | 50 %) Wil il clsall Jada dysha ) g5l ad) cila
LOLSall JA0 ) A G B ) e U diaag A (2B gall a5l & 58 A LS (38 °C, 70 %)

QT(Wau) = Ugveratl * Awail * (TO - TR)

U = overall heat transfer coefficient (w/m?. °C)

Jailad) il gSa uua Ao Jglaall o g
s ) awdii Jai) gall @
Partition e § peadd) dadl L pa e il hia
external wall sams 5 pueadd) A0l (o pa oo A bila Y

To = outside temperature (external wall, partition)
Toe =38 °C (aIEX) Top=Toe -10°C

Ti = inside temperature = 24 °C

b) Roof (heat transfer through the roof due to temperature difference)
QT(TOOf) = Uoverall * Aroof *(To —Tg)
U 3 overall heat transfer coefficient (w/m?. °C) gdaed) Alla g J& CiSUAL CAliss

A = plan area (m?)

Roof cases:

a) Exposed to the sun

b) Coverage with water (gl (558 daluu alas)
c) Sprayed by water sta (i

d) Shaded ki

Glass zla

QT(WindOW) = Uoverall * Awindow * (TO - TR)
U 3 overall heat transfer coefficient (w/m?. °C) , assumed 5.6

A = glass area (m?)

Qr(Total) = Qr(Roof) + Qr(Partition) + Qr(External wall) + Qr(glass)

c) Solar load guadd! dadi
Aailall ol zla 3l Jia e aay aakaal Lais 30 a ) Jgati dpuglaling g ¢S cila ga gl dadl A (uadd) dadi o
Ol sl A e g gyl on I 3Y sl e 51l AT (81 g uadil) A (2 a8 ol paal OS e
Jgial) olad) ¢ JBI B 1oall a ra (9% Asall Jladd) olad) o

o O pad) B OB g ¢ gl e GiAT Laa gpiliad e llaf ¥ (53 Ul G salug dgle ) L (8
d&ucadﬁwuﬁéﬁ\ﬁcwﬁdﬁ\gcé&‘wm;d@,ﬂ‘d‘gﬁn‘)h’uig;d@?w*gﬁ
Lagliay DAY
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Jladd!
A Jladdl Jlad ) Jladdl Jlad
AN Jladdl £ 2
Al

FA csiadl o e

A i)

v" Eactors affect on solar load:
1. Direction Jailadl olad)
2. Materials (glass , brick or ....) gl ¢e Alids § ) jall i ghl) daglia
3. Month sy s Gubaad ) g (A uadd) 30 a dadi
4. Hour #bwa A dsludl & 1 ,ed3 3aa) gl dsludl 30 jal)
5. Shade (color and location)

Bl Al JUE) (e JIE) il i of 3l 393
S oY) A 068 Al ala ilu s Sky light

Solar load:

a) External wall
b) Roof
¢) Glass or window

a) External wall

Qr(wall) = Ugperait * Await * AT sun effect
AT = uadd) 31 da 3 g olad) s o (uadl] G jaal) Jailad) 80 s A ( La B ad) il 3 (38
AT = 10:18 °C L&
b) Roof
Qsr = Yoveratl * Aroof * AT suneffect
russes < sitaall Jia of sky light ¢S 13) s & ¥ Ll 881 ola) 8 )8 roof
c) Glass or Sky light

QSglass = SHG)factor * Ag * SC
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SHG =3 Solar Heat Gain factor glajl <iligSa golad) Ao adiay Jalas
SC =3 Shading Coefficient gl £ 5 s aaiay

SC =0.83 for clear glass (without shade)

SC = 0.6 shaded

SC =0.2 reflected

Qs (totaty = Qs(roof) = Qs(external wall) = Qs(glass)

Ventilation load 4 s Jas
Ao 9gil 2930 Sl JAIS ) A o) sgd) J 5 Cpe ilill gl sad) Jaadl

— 0
Qventilation =m (HO - HR)

Ho =3 outside enthalpy (Kj/Kg)
Hi 3 inside enthalpy (Kj/Kg)
(S 5 o2 ST 615411 g A sy el (o 5 s A AT (B 05 s o
Mo = amount of fresh air 4 s¢ll 4a 33U &1 sl 4as
(il oy dgleaa (e
L
mg = /S/person * Np
1000 = V,
oalaiY) aae s (add JSI i il o) sell deS

s A1) e BAUSI) e + 1000

Y
S/ 2 * Area
my = m

1000 « Vy

L L
/S/mz ] /S/person clea () (bl Cuua = 9 (Table 6-1) Qsﬂii\ Jdelaa (e

Sensible
People
Light

Equipment

Ventilation

Transmission

Solar

GTH sl giuall Jaall = GSH + GLH
Take factor of safety 10 %
Glal Jalra 94 ) ¢ AU cllaald) ey
Btu/hr or TR or Kw il Jaadl
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1 TR =12000 btu / hr = 3.5 Kw

https://bit.ly/366sZel. 3l ) o8 La g iy ganid

Cooling and Heating load calculation by HAP program
Zalinll £l A o3a 5 galisall £ 5l ol 10 B3 5 g B IS A gy a3 5y 1S ilgl) grall e £ 0k (0 Yy
https://bit.ly/33i7aay

(S0 ady 83 cya ) g fST) 1ol o A —abug dule & Lo Al Jgey (S JB 2000 2l 08
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Air Conditioning Types

[ HVAC Systems J

1

|

Direct Expansion (DX)

J

}

Chilled Water

|

L Package Units J

L
| )

Window J L Central Package J Centr

J
|

!

Split Units

1

[

al Split

}

Mini Split

> HighWal
© > Floorand Ceiling
T Cassette
-

> VREsystem

e Direct Expansion systems (3 st G5 All ik 08 ¢ sgd) 2 ol Sua pdilaal) aaall) alS)
e Chilled Water (&5 Gah (o Wy 2 Aalia sl Bauk 08 &) 5gd) 20 aly Eua Al slpal) allis)

In general:

[ DX Systems J

Low Initial Cost

High Running Cost

S

Easy for maintenance

> Direct expansion system:
1. Window type

High Initial Cost

Low Running Cost

Complicated Maintenance

J

Ldaalgdadad b oy yal) 3 i cligSa JS(a

¢ S S g Al g 3 i) 8320 1580 (23 i (b

.EN\UA'BJ*SMUJ)GGA:\\ggJLcMM(C
LA Cuen Llla aladiuy) aild e (d

. 12000 Btu/hr up to 24000 Btu/hr up to 2 TR 8_siua Glaw 4da 23 g Eua 3 ia 450 408 (g

14
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. Non-Ducted type & (sl Jala L 5 sy (f

s A B e Glsall ) dsda o (2,080 cila) JAgal) o s el g Sl (a8 ggd) G gl da g e a8 (g
Carrier 4s_& A datiall els jlall gl ca(h

b sl 8438 (]

4’[ 12000 Btu/hr (1.5 HP) J

_118000 Btu/hr (2.25 HP)J

—> 24000 Btw/hr (3 Hp) |

2. High Wall type

hilall e 4w 8 a5 Split st S 2 (a

Bas gl pand 5 g AT AT 5 INAOOT Nt 42814 Bas 1 oand GLSall JA13 LgsS 5 Ay Lablan) cpiadid e 35k (b
il alaa g Fan 4ia g s 9 Condenser <iiSall s Compressor ksl ¢ 0585 s Outdoor unit 4 Al
c OsAY s 3o Bk (8 agin dua gil) 2l g Expansion valve

N
Outdoor unit

Indoor unit
Aii hiltei

Condenser
(condenser
coils)

Evaporator
(cooling coils) Compressor
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L Jailadly 3 S daidl liag Y g 44w 3) pal) Sl 7 A Gulsll o dua (addlia A ga (C

LOs2AN g (LSl e 3l 7 A0 Y s AR Bas gl (g giesa (ha BT Aua LA Bas gl (5 glesa ¢ 9% o) S AN e Jually (d
. 3600 Btu/hr ) Jai window type dledd) g a8 8_nS 4y 58 a4l (e

—> 12000 Btu/hr (1.5 HP)

[ High Wall Jf—ﬂ 24000 Btu/hr (3 HP)

)
—> 18000 Btu/hr (2.25 HP) |
J

—> 30000 Btu/hr (4 HP

) |
_’L 36000 Btu/hr (S HP) J

W e g CBlaall g Al g Ay oY) Alal) B ddlaladiin gl (F

. Carrier , LG, York, Toshiba 4l daiaal) sl ,edi (g

Aniaal) 45,40 £ JUS quas o G gl G ouladl) ) gl (s Jsba 202 (h
. R-Flux @b ¢ WA Wie s g Y, Ya, %, % WUl culadl) juul ga (i

~\

E3° ooy 71' :

.

3. Ceiling Floor type

L) A ol g ¥ e 4S5 ol split S s (a

. Cables <3S g culad yual 9o 9 Outdoor unit 4 A& 33a g 5 Indoor unit 4lal das g ¢ ¢y s<h (b

#1960 9 JAuY 30 Adle AzBUS A0l Baa gl e z LAY 3L o) o) (Y CEBIL 098 0 £ 5l 138 S 5 B Bl (C
LY i AL

Bl A 5 ey ¥ Gl lais cilw aga g Ala B 5 g ) e 4w i ol Latie | s Jidy Al 4g e (e (dl

. 40000 Btu/hr (#s high Wall (aitadl Slgad < a8 G S Ay 58 e ol (e

. hilal) Slead) Jia addie dga (f

ol Ladie M Bailal) jleal) use o o (e (5% Lea o) 5gd) @b 5 Jid (e (1985 JAal) da g e BIA (e 8 5¢d) i (g
o2V (e Ayl Aa gl candi ¥ A gl W) e Yo (M g Al o 8 Gl ) e LguS

. g5 13gd dadiaal) & High Wall hilall cipsill daiaal) cils ) (udi (h

. Fresh air g s 8 JUaY (lSadia 32 02 ¥ 9 Non-ducted sl s <) pas slae a3idien ¥ (|

. Residential commercial applications alaiiuy) (]
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4. Floor standing type

Y gl 4l 40808 Ban g g A Baag ¢ Oa g (e uSh st S R (@

. ¥ sl gl A<l Free-standing Wl sams (b

LSSl A A el Bas gl 5 AaDEN 40d5 g Y Lo LS S A% (C

. 7 TR Y J«ai 80,000 Btu/hr () Juai dlle <l 38 41 £ 6311 13 (dl

. AaLd) &\35;\1\ Cra S| Cildlia g ada 343§ghai%3§h3wbq\ g5l 13 Sy (e

£ 5611 058 Lgaa 719 20 aladid) oy LIS g LA g asUnall 5 &l giall 97 8 CilelB 5 aabucall L33 S £ oil) 13 padia) (f
OV 5Ll B g g aly g 2 )L)

. Symmetric Sl o aainy Liagf ¢ 4R Lnus gial) g gL ,Y) Al (St L85 4G £ 6l 138 andies) (g
. 43) Fresh air ol s) g JAaY lSa 4 225 ¥ 9 Non-ducted g5 1% (h
LS A S8 G peall 5 uladl) el gl il Jagad ) zliag g AR £1 531 Cre aad) B AT £ gl 10 (f

.

5. Cassette type

. Indoor unit 4&da1a 33a 5 s Outdoor unit 4z A& Bas g (e G684 Split inss g & (a

. Square Diffuser s1sgd g da 4pdd & g hblud) Gl LS 5 o 4 40801 Bas gl £ 530 13 (b

LS Round flow 3ussa (b wlalad) aal B o) s¢d) Adda g A ua A8 £ 5391 (e 51 5¢d) 208 (A Juadl £ i) 13 (C
. 4-Way Cassette g s

c A Y ) Qs g il 138 G Air Throw Y (d

Al Gl gy aa g0 AN CSLYY A Y) £ sl 138 mlad (e

17




5 5al) 2aal dana Gatigall [/ S 5 dac) o) sl iy Aalail - S L

. (136,000 Btu/hr up to 48,000 Btu/hr) 4 TR () Juai g sil) 13¢d 43y 53 Al (f

. e Aol G 81 ) G eall G ga (e olral) ady e Jard B e pump Aduaa e Adaal 3aa gl (5 g3al (g

il sl (A B ) il 0yl Ban o) Cuiia (e Jia g A8 (e £ 991 un (o AR0aY o o) da gy Jan (D
L G55 Al Gua (LAY g acUaal) 2 £ i) 13gd cilaladin) gl (|

6. Ducted Concealed or Ceiling Concealed Ducted type
. Indoor unit 4413338 5 s Qutdoor unit A& 8aa g e (1 sSh Split cansSs jlga 98 |
P 9 ducts gla Slisa Gk 8 Leda 2l o) ged) 2398 Al g LS Jablaal) i) & hidden dsdda ¢S Adalal) Saa gl
UL sl @)t Cua e JuadY)
Ol et cilu ) zliag g split ) 3¢ gledl 8T A
. (18,000 Btu/hr up to 80,000 Btu/hr) 7 TR (s <l a8 Lgd 5 538 s ciual CinSS (§ guully u‘“"""" .

A sllaall 3 ) jadl da 3 aie Baa gl Sl B aSady g 48l ) jal) GlSal) Jada (68 Thermostat <bie ga 5 4l g gl 13
L2 e g GUAl g deidl g acUaal) Jia 45l Y B cilaladiny) sgdd |
i 08 Lgte 1) £15¢) a8 25 o« Jlhal) Japmn 1o (Sl gladl plaall 3 (Sall g s CCD s sl g ¢S5
Jaa as Ui Lgda @ guall 1M Ajir terminals s1s2 g ks s Ducts gl i
. draining i sall 3aa gl by J g0 Jas aly g paabesa 9 Qi) Gask (8 (Al i) Ciladly CCD 3 ) i oty A
L5813 @k oo glsall ) Fresh air JWa) a4

N

.

7. Central Package unit

-3l 3000 £ Jal aren Jadi anad) 3 S Baa g daddd (e ¢y 6S3 (a
e g Cua mhad) (358 5 LIS 5 Sl aie B ) a e 7 Ay Gua 7 gl Gl B Bale i (D
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i ay 9 ¢ Adi ) jall Glsall JAla Afr terminals s1s8 g8 5 zla ducts b ¢ Wae 2L £ ¢d) JE a4 (C
LAe Al Y zla ducts @k ¢e Gsall e sl sl

) G ) Ggall paliaiaY Baa gl 7 A dis G gua AllS GuS S ol (d

LS A Gany A AlS (e S 550 TR (Al deas packing 3as sl L il dad) (e

bl U sy o) o g (usall (S 9 Jaad) (e ) g Ao e (158w packing ) saa gll ¢ Supply ducts (f

. paldie Gga AUl g ol z A W packing unit ) <l s (¢

Ll laal) g gia) ¢z bl < ) BY) il ¢ Ay iy Alaal) Fia dad o) Aalucad) cld ghaliall B aadiud (h

. Roof type & Vertical unit ¢t s gt 229 (i

- N

|
|

L

{1

8. Split Central Unit
. outdoor unit & indoor unit ¢t g M) ehad a3 ¢l 5 packing D 8a gl i & (a
= Alalia o) b 7 B Gk oo GlSall ) 3l o) sed) JAT Ay g jlatiecal) i) b dddia (9SS CCD 4pdd 4da)a) 3aa 6l (b
. gla ducts G e OSall e o) sgd) G oty g zla ducts wlisa
. 50 TR 3_sS i ja8 1) Suali A3 dgay ) dasd) (C
 Baa gl Aluall Jee die addig Eua Guaad) (e B il B gl) ca Access doOr S i Jes ol (d
. da g pall Jade e mix box hld (§saia quS 5 ol Eua Baa ol Ga ok (e GlSall JAI (G oS5 Ban lly dualdl) cilie ga A (e
voee aSUaall g Clalad) ¢ 7 jlecall ¢ ciliSal) A g gl 13gd cilaladiny) sl (f
. gl ducts Gk o qaad) Ui 5 3 L) £ s JAI 5 4dasSS 31 AN GlSal) 7 A 080a Bas o) s (84 (g

> Selection of Air Conditioning types
. il Cilaa g Cra g JSI il GUSY) (e L) Jas 43S ¢ addlieial) UL £ g8 aaad g HAP I el Ao cbibual) day

1. Selection of Hi-Wall types

€ HZ Ji ol a8l o€ als L A 508 da 3 o aaas g sl cigdi 1 Y g
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35 °C outdoor temp , 50 HZ s &80 Carrier 48,4 g $Us ; Jba
Temperature Factor - (s L a2 s AU LIS 35 °C e sl A JA 3l s a3 dis 985 cilibual)
u&ﬂz\a‘)&\ BJ\);J\:\;JJ
g A G il )l jallds 5
(*© °C) 95 °F goluish) & daa JLAN 3 ) jadl da 2 9 105 °F 4 500 daja 2ie 2TR g8 Olall gl al) Jaal) o G iy
105
~ 95
. T.F * olsall 5 ) adl Jaadl @ puaid 3aa 5l Selection Jes dis

Temperature Factor (T.F) =

2 105 2.21TR
k = .
95

To = 105 °F 3,/ua 433 tie 2 TR = ¢lsall 5l all Jaal)
To = 95 °F 5,02 43 3 2ie 221 TR = ol g1 _al) Jaal)
. selection U gz ISl gz Jaxia AN A ¥, Y Aol
FromHAP w Load=135TR @ Ty, = 38 °C

From Carrier catalog Ty = 35 °C

Cooling Capacity = 1.35 % = 1.42TR

Cooling Capacity = 1.42 x 3.5 = 5 Kw
p Y (A8 Juand 35 KW gl adl Jaall dsaslaay gz sllist) Jas

(Cooling capacity = 17500 Btu/ hr )

Nominal Air Flow (Medium) CFM = 389

Power input = 1.9 KW
Current input=8.8 A

\ Power supply = 220/1/50 )

Jia s Al cliby o Jpantl (8 LS g oSl (e 4y stha data Ul aal cils oda

Net dimension (W * H * D) Y

Net Weight &Y

sound pressure < gpall ki

pipe connection type (Size) sl sall jUad|
Refrigeration type ¢s Al g 4

maximum pipe length s gall Jgh adl
maximum height difference ¢uias si (s g ) Bl
condensate drain hose diameter <iyall a gh 3 jhd
System model Jgal)

> Selection of floor Standing

LAY el g salal) LB Lgaladiiad i) ¢ Y gal) gf Adlst) Bas gl
Ol ASh 6 ) adl Jaadh Gl Y
L Claa gl e G ad S oSl S ) e cilaa gl £ e L Y
L baag JS Jan Uijad Sl claa gl ae e S Jaal) andi ¥
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. B glhaal) Lagall bl o Juanil g glligl) Jans ¢

T, = 105 °F 432 xis cooling capacity = 3.7 TR 31 w2k
37TR=1295 KW @ Ty, = 105 °F

3.7 105 3.9TR
. X — = .
100

Temp Factor

3.9TR = 13.6 KW = 46800 Bt/

: Y A Jand carrier g sls (w

Gystem model 42KFEG60-708 \
- ity = Btu
Cooling capacity = 52,000 /hr

Nominal Air Flow (Medium) CFM = 1242
Power input = 4.2 KW
Currentinput=10 A

@wer supply = 380/3/50 /

> Selection of Cassette type

Ol ASh 6 ) adl Jaad) Gl Y

coie t gAY g8aa gl G Adlia Bl Cuay Ciludly claa gl £ 565 Y
LB g JS Jaa i ad (Sl claagll dae o AS)) Jaad) adld Y

. 5aa 51t cooling capacity ) A slray gz gl Jaai ¢

105 °F 5l 105 °C 42 i 51a da 2 ais HAP ) cllua (e 329 JS cooling capacity = 1.9 TR ) g i

1.9TR * Temp factor

1.9*%352TR =~ 7KW

a2 g 430 BadS g carrier g oS Jau

heat pump gabe — 3 )
cool pump aéé a4 ¥

1o Jand 7 KW Jaad) dpa glaay g Jadh 3y 58 (o 81 g Jpand) Gl qas Ao Gl - 3y o) Ja8d 2 jly Bas gl) jUiaS

[System model 53CS36-C \
- T Btu

Cooling capacity = 36,000 /b

Nominal Air Flow CFM = 1000
Power input = 3.8 KW

\ Power supply = 220/1/50 ) Bas glf alayf Az e uay

> Selection of CCD unit

.55 TR ¢S 5 glsall Sl 5 ) adl Jaadl Gl

LBy ¥ Sl g laagl) aae el AL a8 Lst‘iuSnﬁgﬁiémwaﬁi&gng\ujsu\.\aﬂ&jy’,Y

dp 0 aie -5/, = 2,75 TR 5335 IS )l Jaadl oSl 9535 JS Jaa i (S laa gl a3 e S Jaal) g, ¥
.105 °F 3\ A
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oo Jani 2,75+ 105/0 0 Jaall§ plas Jasi ¢

Cooling capacity = 3 TR = 36473 BTU/ hr

s Jaad (ex: carrier) gobisll Jaai o
@em model 53CCD39 - H

Cooling capacity = 39,500 Btu/ hr

Nominal Air Flow (medium) CFM =890
Power input = 41.58 KW
Currentinput=195A

Heating capacity = 33,200 Btu/ hr

Net dimensions = 860*720*350 mm
Fresh air (From HAP)

Supply air (CFM) =890 CFM |,

Wc pressure (Assumed o2_2) = 0.15 : 0.25 /

AN zlas Jualia concealed I 3aa gl o) @81 gl (S g zero inwg s dis A A A Al CFM A4S ; ddigala
. Static pressure 3 qua o z Uil o Arll) CFM I cad ol draglaay g goasall

> Selection of split central

(Models 55, 90, 110, 145, 180, 240 and 300) 2 carrier g s A Jsaall
55 =55 MBH

55,000 BI®/, =55 MBH L3 Lz 3 guallall 00 g 525
Note: MBH w Mega Bttt/

180,000 BT/, 2315 TR (& HAP ) cibibus 0 o2

s S Jand gz glisl) JAN
ﬂJminal cooling capacity = 230,000 Btu/hr \
J-.\siji \Ah,h e ‘gjuﬂéei):\su

Refrigerant R22

Heating capacity = 22.5 KW
Condensing unit model 38BB-240
Evaporator unit model 40AB-240

Power supply of condensing unit 380 / 3ph
Air Flow of condensing unit 18,000 m3 /hr

Horse power of condensing unit 4.5HP

\Net dimensions = v mm Bas gl Mayf 45 e Jax aga

Net weight = 635 kg
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Evaporator unit 1) Air Flow = 12,000 m3 /hr 2)5.4HP  3) Net dimensions = v mm
. Z oSl (ya Aladl) 40304 Bas gl e CFM Supply ) 48 jaa ¢Sas clibuall (1 static pressure S dsa slaa

% Air Handling Unit (AHU)

£ 5¢d) (M glia) dallaa B2 g
Ol e 22 g
DX AHU .\
Chilled Water AHU .Y
s A dadaall cls jlal) gl
Carrier .\
EGAT .Y

Tiba (Saiver) .¥
Trane .t

s ANl () 23 Ak

1. High Filtration Required (Medical application)
Aglinl) i 2 ¢ And¥) e ¢ cillaad) G @) dglal) cilBylanl) B Laliia Jaa Alle ol da 0 £ g0 cagthia ()9S5 Ladie addid]
Y glaa S La g (.. it 5 L) glas 9538 all

2. Ability of (Humidification, Dehumidification)
CAHU ) Gash ce Agghl duad B aSatl) (S dua Ana 4y gha) Lol gliad A oS B padind

3. Special Application (Industrial)
4. Wide range of cooling capacity
5. Ability of heating, preheating

e AHU Components

) 9all ashy i gia uglhal) ua aludl Lgia g AHU s (2 8293 g0 Ay aludl Lgia Sections aludl Bas (0 AHU 985
b AL Ll gSa g Jrand) b Guas Lgluadly

1. Mixing Box hldl) §saia

all adaill (LS 13) La) ¢ Adallea 8 Return gl #1s¢d) ae Fresh air oo il ) sgdl om Jali dlia of 3 9a 5a ¢ 90 acdl) 122
. Ol ¢ ggdl Laalaa) (liadh 4y ¢y (3 gaiall 14 g AHU 2 Jala mixing box glias 3é all return ol fresh
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2. Pre Filter (Slaiuy) il

ol i) g pia gl (e ASadi 0 B Le gA g il gl (ha ASRIN ¢ g Ay S g1 ga ATV an) Vigy ALY AN e
A g ISy (5 AT B e 4S5 g ABRTT g 4l )

. G 358 3L 65 9% (A 50 Vb (pa Alilis

3. Bag Filter 4u8a)) it
Sl g cuil gl (ra o) 5gd) A 8 Al Alda jaS aadliey g (Sl ol Auiad) Andy A3 acd¥) 13gy
. F a8 3ak 585 9% L) 70 9% (e 4dilis

D

4. Cooling Coil % 3 ila

S DX A g5l e AHU 31 cils 13) ¢ g2 Al g Lgade JLal) o sl G La g s Jals Ladie duaay Guladll e cilila o 3 jle
e qigthall TR I s Wy jUadi g clilall 330 ¢ Chilled water aUaill g 4alis ol
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5. Heating coil ¢sdwdll cila

Aiilu sl Wz s cilila i electrical heaters dn ¢S Clliu La) (A 5 Wgale Jlall )5l (i (o Jgiesall 5o £ 3ad) 138
Bl il pal) B ) g oda g (ADE ()

6. Humidification section

4 x DAH
Modules in
DuctVAHU

Section

-,
-

Ultra-Series
Controller

7. Ean section
alallea dag Aal) 02k g o s 31 el Sl (e 51 9gd) s o 585 MIOTOT Usise (ks (8 Jaad 4338 e B2 la da g e
CAT Bda g e g ledsl B da g e S S al cilaa ol g B

1
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o) sedl CanSs Aokl » UGN Ll 2aae Al uaigall Capill 5 ) 5

8. Hepa Filter

High efficiency particulate filter (fa Juaidy) 1ia
Loy &) gl 4810 2 680 9 ¢ Ay gaY) piliaa g cililaad) (38 Jia ddle 3 gW1 A o L) zliad Al oSLaY) 8 Jadd Lugl) I8 aadild ;

. H 25838k 599.99 %

A g sl (e o8 9 VR I aldai & LaS 548 1& 5] e outdoor unit 4 A 3aa g glua gi sl 9 DX ) g 6ill (e o8 AHU S

e AHU Components

. chiller 44 Wlwa s &y chilled water

Rugged
cabinet
enclosure

frame
channel

Gasketed

Low-leak
dampers

Smooth
interior
surface

Coil connections

Double-sloped
drain pan

Frame Custom modular

channel design with variable

disassembly dimensioning
feature

Splice collar Variable
height base
rails

duct humidity sensor RH
T (accessory)

T extract filter

duct temperature
T sensor TES

T control unit

T supply fan

bypass T

electric heater T

heat exchanger T

supply filter T

INTAKE AIR

EXHAUST AIR

condensate W
drain pipe

exhaust fan m

freeze protection
temperature sensor
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Schematic diagram of a typical AHU system

o) sed) CanSs dadaif 1 SEN L) 2aae Al uaigall Capill 5 ) 5

Chilled water

L

Heated water

L

JUU

Cooling coil

WU (of &»Q

Heating coil  Supply fan

Return fan

=

» AHU Selection
By using EGAT AHU Catalog
From HAP:

a) Cooling capacity =v TR
b) Supply air flow = v CFM
c) Fresh air flow = v CFM

Return air flow = Supply — fresh
d) Heating capacity = v KW

EX:
Cooling capacity
Supply air fan = 10,000 CFM = 17,000 m3/hr

(Assume) Air velocity = 2.5 : 3 m/sec

o)

DX system or Chilled water system : < sikal) aaad
Pre-Filter , Bag filter or Hepa Filter : 43 slaall &l aaas

c AHU 4 gliall Baa g ana sasien A1) & 5 5gd) dzaS

. unit size ) waadl Selection diagram (sle Jaai o) ggl) dpas M /hr ) dsaglray g EGAT 48 gz ollis Jand

. Unit size a3 a4 g air velocity and air volume ¢ e d8e dadal)

el 1 gabiay anle ) glia ) gial Fpdl) Lol G [l o & gliay 438N A ()
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SELECTION DIAGRAM

The unit size selection is made
on the basis of two parameters:
the Air volume
the Coil Face air velocity

\l\

Each model is identified by a very
simple nomenclature: for example
CS-200 corresponds to the air
volume of 20000 m3/h at 2,5
m/s coil face velocity.

AL A
\

\

VA
\ VALY
A

The Selection Diagram shows
the possibility of achieving smaller
or greater air volumes for the
same unit by varying the coil face
velocity.

\

This enables selection to be
optimised in terms of cost,
dimensions, noise criteria, power,
etc.

TRWANA
VALV AV A
AUV A

UNIT SIZE CS

ALV AR

WAVERVA W WA N

AIR VOLUME (x103) m3th

—_
"1
"]
e
e
"]
el
"]
| e
| et
[
"]
el
"1
|

VAL ALV VAR A N AT TR

VA VALV AR

—
ey
"
e
e
—
"1
"1
e
"1
"
ey
——
"
]
"]
—
.

L

=T
"]
!
T
"1
el
"]
|

"]

.

"]

T

"]

"
2

25 3
AIRVELOCITY (m/s)

Sl Jant ia Jilall adl) pa a 2.5 1 3 (s Lo sailia e b ALiLal) Ja ghadl) ey ia YV e s s m3/hr@segsamw;
. unit size = 165 CS

pOa JS gl o Juandl 7 oISt Aulgdy Jgand) e A8 o

Mixing Box (W*H) = v

Fresh air intake (W*H) = v

Panel Filter (W*H) = v

Bag Filter (W*H) = v

Coil (W*H) = v

Electric heater (W*H) = v

Fan (W*H) =V

Sound attenuator = v/

Supply air plenum (W*H) = v

© o N R WDNRE
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Mechanical Ventilation

(OSall J1a 51 ) s ol waad & ¢ Ay el

Ventilation is the intentional introduction of outdoor air into a space. Ventilation is mainly used to
control indoor air quality by diluting and displacing indoor pollutants; it can also be used to control
indoor temperature, humidity, and air motion to benefit thermal comfort, satisfaction with other
aspects of indoor environment, or other objectives.

P 3R dogtl) e gl all AT ey
 Lgd e e d) i ) g Aga S il gl A1 L)
LGSl Ga gl Jaa A1) LY

cFans z.9lxe Gk oo dld 5 AT AT 5] gga GlSall Jaka 51 sgd) it 3 e (81 g 5] 9l ST S Y lSall 4 ggl
s Infiltration 4w Le sa 5 GiSally clululll 5 ol o1 A (o o) £ 5¢d) (b 00 Lnd 495 (A Lagas 4 94
Gk os 0sSisd g mechanical ventilation s forced & &ses of Sl 4 9¢8 and ol e lina 4, 5¢5
/ .9\
Lagas sl gl e ¢ Y gaall i ¢ culalgall L e ¢ ciladjad) ¢ Fullaall ¢ cilalaad) ) Jia 4y 565 ) zlias ) oSLaY)
((eee QB
1 CFM #1560 (e 48 a2 585 g Exhaust fan o da g s gk oo A8 (SLadl Aailaal) 4 g4l A
daaS cpa B g S ¢ Jalai 85 0 g8 daS i 2 685 sUPPIY Tan @22 da g e ol GlSall z B ) 0ajk g (Gaall s
L Ol JAla ) gada gz A cre Sl Al balance quws o adtad) o) sl
. Central ventilation & Local ventilation ) Ll awdis 4; g¢at)

General:

V+ACH

CFMcpayst = 1.7

V = space volume in m3 (Area * Height)
ACH = Air change per volume dstul) & ¢ g¢dl i Jaa
1.7 w to get value in CFM = ¢S5 dadll <1 Ligati ad
(A58 J g (e Adle Juan) (Badall) o sl Al  ACH
s b ACH 4adll a8 ) 5 SLaY) gl
Toilets: Private (ACH = 8) & Public (ACH = 12).
Kitchens: Domestic {3 (ACH = 10) & Commercial (ACH = 20).

Stores &l : ACH =6
Garages : ACH =8

. undercut W <l s O A o) ggs das 23 oy g Exhaust Fan 4a g b (e adlad) ¢ s¢d) 4saS caay a gl cilalaal) b

e Garages Ventilation <ial_all & s

. 4m 4sldi ) 9 850 M3 Adabuws z1a 2 &

850 %4+ 8
CFM = = 16,000
1.7
. Grilles s) s g 4 5 zla ducts 94y @b oo GlSall (e Lppaia dasl) oda
Gsh (on AY) 5330 5 Ciad (a (5SA Ay sacaall aS) (a6 3 IS AL ) p g8 oY
o 2/3 G398 (e 4as!) wr 65 % high level
o 1/3 cad e 43asl) wr ¥5 9% low level (40 CFM)
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CFM gy = 0.65 + 16000 = 10400 CFM
CFM oy gown = 0.35 % 16000 = 5600 CFM
Oall Jaxi Al Fresh air Gl il o) sgd) daS quuad Gl aay
CFMfyesp = (0.85 — 0.9)CFM oypqust
O Z A Az AT Y @l ) adlge g @l Ja oY (-ve) bl il cla) ) B
CFM{pesp = (0.85 + 16000) = 13600 CFM

gl o agus 5 4% 13600 CFM W38 Fresh 4ag s 3 16000 CFM W8 Exhaust Fan 4a g e gliada il o

» Jiul e AlS adlad) o) gl G aly clbldiually cllaad) i S B @

FANS 7.5 sl

FANS

'

Axial Fan

cAsaa gl

(880 3a g ola) 8 3 k) g )
Se Flow gl Latie aaiiad
.CFM 11

: g1 sdl

Wall mounted

5 fetaddl B cilaladiay) e
Agal) 5 olgsl e g cilalaal)
Jdsaall

Non — Ducted

ESP = zero

e e

dateqy 8 g8y

|

Mixed Flow Fan | Contrifugal

Akl 5 gsaall olad) & and) o 438 e 83 a7 gl e

L Adma dyg) 3 hll 5 gaall olad) A quadl

dad ) zliad Latis aadiad Agls (gages

bzl g flow A ddau sie e ki ) gliad Ladis ardind

e . R EESP 11

slad) cun G gl ol ¥ Lgia g

Roof Top & ducted inline Gl )
Ducted e 1. Forward

RTCRTLT 2. Backward

Ao i LSS 3. Radial blades
Ducted

il gl g
a4ty

Axial Fan

> 4 Centrifugal

s 7.9l pall AJ Ciilal da g

SISW .
DIDW .Y

:Single & |:Inlet & D:Double & W : Width

31
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:79) e da g Las

Variable speed .\
Constant speed fan .Y

O 8 56 iy 2 585 Inline Basl g da g e a3 2y g (Bldd) alaa JS 8 wall mounted 4ag e qus 5 ol Lef cilalaal) b
. T8 g ducts GGk ¢ clalaall

e Horse power of fan

. Aa gl Galdl) 7 gllisl) (ra La) Y
. Ashrae = 5352 g4 alaa (e ¥

CFM * static pressure (in.wg)
6356 x efficiency (55% : 65 %)

Fan Hp =

: CJ\JA”QISJLAS‘J@-&‘
Lilul Casalas .
Libd Sand p .Y
|_Alas) Woods .¥
Lty CBI ¢
Wil TLT .o

£154) da g pal S a5y Y g (lSall Al gda U8 ¢ g) AR Ao ganna ol Jilh Ll (5% fresh air AU s sgd) da g
. ?JL‘IJ‘

. ThuY olad) aa Fresh dsguall cus 5 s ¥ g gl elad) (use exhaust 4a ga quS 5 ahy ¥

. fresh 31 da g e olad) & exhaust 4a g s qus 5 ah ¥

Basld o 8 ) gl pall S 5 A g ¢ il 31 Y paluaie gluall cSall 5 da g sall 7 s G L Canvas oS 5 oy
3% abe g 5 Aol

cAagpall g el (e 1 %5 D Adlsa LA (98 O Y 1% D ¥ dAa g sall S8 £ 58 S i al Y

. cilal sl Lsgs A Induction Fan (e ) sall (e gald £ 58 33 5

Induction Fan

e Engine room Ventilation

L g cilalhll 43 2 o) Algal) 482 gl Jeaall 4B & Jla il A3 & B o
. .OM‘W&;EG%ML{éM&PMJMQJ?CFMJEXhaUSt%mL;ééHU&%)LeMY °
Al 500 KVA g L auad 0 (S 9 50 KVA A ga L2 (50 O (Saa 60 M3 g 48 2 ¢ JUal) oo o
;z\:\lm\z\hu\am
H
p * C, x AT

CFM  poust =

e H : heat dissipation (Radiation) BTU/min

L dsaad) gh Al gally (aldd) & IS e Lgale Junaioda g Alga gl Jgaa CullS o) g Banall (pa dadial) 5 ) jad) das
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e p =Density of air @ 38 °C.
,38°C;\:\§JKSJ\JA&+JJ$Q\*S\%GS

p =0.071 IB/ft?

e C, Specific heat of air = 0.24
o AT 3&2\@&3)\}&9)4@45;3@)&\ }‘3@3\3)\}:\9)40*&3)‘)&3\&\9)4&}
. Ashrae standard 62.1 s 4 sl Galddl 3 <))
L_ocal Ventilation

Bl Jdaa ¢ cadl (5% oo Wl g Central Ventilation aws 5418 GlSall ¢ra (58 ¢ L) GlSall (e adladl ¢ 5¢d)
. Hood ik ¢ &lld g4yl dollaal) of Salisad) o AN e 83 o Jia Local oo 3 8 A o) <l Jlad)

Kitchen Hood

Q=
CFM | exhaust = (X + 30 cm) (y + 30 cm) * Velocity
Velocity in hood = 0.5 m/sec or 100 ft/min

(A a5 dsh o8 L5 ane ¥ o) Al dalua cha s g Aalisa

G 2 aladiady o gl ja¥) Gl Jad g GlSall (e 2k £ 58 sy exhaust As g sall o sl Sl Fodaall S 1)) Al 8 o
oda & 935l e ¢l 9¢ll balance a5 g fresh 4a g g exhaust 4a g » A= s sia double hood g s
L il Slead 4yl Jas Al Y Al

LAe b 9 1.5 0r 2 mm e Cilae pall 3 gul) plall (e daial sl a5¢d) @

Ll § galiay anle ) slia ) gial Fpdll Lol G [l o ¢ oliay 438N A ()
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Forward curved centrifugal fan

. Forward curved centrifugal fan
& 0 g ga il CFM 9 bsmad Aiabiiall Lgie poay e g 03 gl ola) (g B pUiaY) o)

. Backward blade centrifugal fan
addie Cigua g Ao CFM 9 4l pall Lo pun Saali 9 ol gall ol (uSe sliadyl olad) o

e Fan installation quidelines

Fan Installation Guidelines

Centrifugal Fan Conditions
Typical Inlet Conditions

Correct Installations
Limit slope to
7° diverging

Limit slope to
15° converging

——
—a

e

|
lt— X —p

Cross-sectional Cross-sectional

area not greater area not greater Minimum of 2-1/2

than 112-1/2% of than 92-1/2% of inlet diameters
inlet area inlet area (3 recommended)

Incorrect Installations

oy CH

.

Turbulen
J urbulence A Turbulence

Typical Outlet Conditions

Correct Installations

Limit slope to
15° converging

= ¥
O ' :1‘ :

Cross-sectional area Cross-sectional area  Minimum of 2-1/2
not greater than 105% not greater than 95%  outlet dlameter(sj
of outlet area of outlet area (3 recommended)

Limit slope to
7° diverging

Incorrect Installations

Turbulence
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Air Terminals Qutlets
sl 7 A

: )98l 7 A aladli) (e 2)
Lo Al S rmaaion 8198 7 M G 5 (s gleal) csal) b il a3 o Al dua Gy e JSE ol )
C i J8 OISl ¢ sl &g A 7 liall A8l Badldl) Y

L 558 7 e JSET 5 £ gl

Square diffuser

Round diffuser

Swirl diffuser

Slot diffuser

. Jet diffuser

Perforated diffuser

. Air grille and register
Disc valve

. Fresh air louver

10. Door Grill and undercut

©ONOUAWNE

s Aalaal) cils il el

EGAT .\
ZamZam .Y
Alandolosia .¥

L s A L) e i Sl Jal gal)

Ceiling type or Decoration ¢\Sall g gSsall Jeil |
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1. Square Diffuser
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e Sizing of square diffuser ¢«tiall 1aas
a) Neck size
b) Face size

AT 8T ldiay neck ) uida (s ) ¢ 58 Face size ) Lie
Face Size = neck size + 6"
neck size ) ulia Haad g araall) A o glhaal)
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CEILING OPENING
NOMINAL NECK

= EXACT NECK -

NS S Nz

FACE SIZE

e Square Diffuser types

[ Square Diffuser J
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. Noise Criteria (NC) st gall julaa g Jiza .Y
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.Equation .Y

Q=AxV
CFM = (X *Y) * Air velocity

CFM + 144

Neck size X" * y" = -

HAP ) el s clibaa e return ) sl supply ) ¢ sgd) 4aas :CFM
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Assume (300 : 400) f/m & application <) quua 2383 5 81 5¢) Ay 1V
. application J G e 358l ¢ lgale Juand 9 NC sl gual) Jara 8 A)a de yud)
e Recommended Noise Criterion - NC

Type of Room - Space Type Recommended NC Level (NC Curve) Equivalent Sound Level (dBA)

Residences
Apartment Houses 25-35
Assembly Halls 25-30
Churches, Synagogues, Mosques 30-35
Courtrooms 30 -40
Factories 40 - 65
Private Homes, rural and suburban 20-30

Private Homes, urban 25-30
Hotels / Motels
Individual rooms or suites 25-35

Meeting or banquet rooms 25-35

Service and Support Areas 40 - 45
Halls, corridors, lobbies 35-40
Offices

Conference rooms 25-30
Private 30-35
Open-plan areas 35-40

Business machines/computers 40 — 45
Hospitals and Clinics
Private rooms 25-30

Operating rooms 25-30
Wards 30-35
Laboratories 35-40
Corridors 30-35

Public areas 35-40
Schools
Lecture and classrooms 25-30

Open-plan classrooms 35-40

Movie motion picture theaters 30-35
Libraries 35-40
Legitimate theaters 20 - 25
Private Residences 25-35
Restaurants 40 — 45
TV Broadcast studies 15-25
Recording Studios 15-20
Concert and recital halls 15-20
Sport Coliseums 45 - 55
Sound broadcasting 15-20
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Office, Supply air = 1000 cfm, return air = 900 cfm, height =3 m.
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No of diffusers = 8 aaJjsill ax

4 S.AD .\
4 R.AD .Y

Req : neck size of diffuser

gragn_ 1000-144
y 400

Xn *yll — 20!! * 20n

aadl g supply 3 sa S B Jaad g3 b A aaadl (13 g supply & Return sdeal ) Gl ) 7 il dae ands
. ol i return ) s supply 31 g e GsSs O Bled e oy g return ) g2 iaY)

dgagliay g HAP I il ¢pa ofm ) daglaas 9 3588 (e NC draghray g JUall S Ao dpnigh) 48 i) g glliS JANS
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A ulia g cilibually LS neck A guliey diffuser A qilad ¢Saa M Face size = 24" * 24" s Square ) g Al (ulia J2di o
. face =24" * 24"
. T3l selection Jas 48 b Laayl 5 Gadail) sa o gy e gall Aol 9 NC 4ah 33 3 g sllisl)

2. Round Diffuser
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Q=AxV
CFM = (% D?) * Air velocity

CFM * 144
T* D=V

Neck size  §D? =

) gali s cliba e return ) sl supply ) 15l 48 :CFM
HAP

Assume (300 : 400) f/m & application ) cuwa 2325 g ¢ ¢ ds s 1V
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3. Air Grille
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e Sizing of qgrill

A Aalaal) asdied grill A ulie yaal
e CFM * 144
A7

R 70 | FEIVIEN 5 de ) o
c AY alal) saait el aaf e ol e
L2y <X 9y =6” oS o grille U Jsd Jadl o
Ex:
Exhaust air = 300 CFM
Assume V = 350 ft/m
300 « 144
* y =
350

Assumey =6" = x=20"
: UKl aladi) Ay
4 5l Al ) Jae 4395 Deflection 1 s 258 Jglaa (e de puad) § CFM ) A glaay

#) 5 arhaay ¥ ia 483l Jsh (e V%% (e throw ) sss of JLSaY) B o153 s throw ) Ll 5 size ) 4 e o8
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e Grill distribution <34 ad) auj e
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Gang Y s Gl 52 supply & return ) Gsa aall S of S1 o
. s AY Lalll (e da 9 Lali (14 5 g¢d) @da 4l short circuit

<l

X

Y

4. Jet Diffuser
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AR B ) seally LS mullti of single ) jet diffuser g of oS

L Oal) 3385 5 S aaag 4dde plenum box S sl

s ddde £lag NC Jl g CFM 2 4 glaay 7 $IESH (1 selection Jes ol
. no. of elements &3 s throw J1 9 AT A 5 size I 48 j2a

| gl il IS a Ade 6] i e (0
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» Jet Diffusers types

—tw
e

Adjustable Jet Diffuser | Ball Spout Jet Diffuser

Multi-Ring Jet Diffuser | Multi-Ring Jet Diffuser | Stainless Jet Diffuser
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5. Door Grille
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6. Slot Diffuser
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zJA 1 5¢lt e pressure drop 23 U duct Jb Jea il &3 slot diffuser 3 Jsb A= plenum box <S5 Al
. Al

Plenum box

. Al das No. of slots 4 5 25mm dlew ga 1.2m s 20mm e ga standard 1m e 43 o

.3 slots ) g8 A JSd gl 9l @

) 5 size A1 48 s oy M1 G glhaal) glots ) 2 g CFM 4 sl giaaally galdl) 7 lSSl) (e 4l selection Jus ol o
Ada z Al ¢l gl throw ) 9 AP

7. Swirl Diffuser

. round diffuser g s (A sus A 4.%
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8. Perforated Diffuser

csquare ) g s dsdn sl gl g laa (e oAl B 55 A @
filters D Ald S Sl o
Ao s adlas g cllaad) i 85 G a0l e

9. Disc Valve
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Air ducts
&) gl ngA._A

) e (a5 5gd) SR g (A a1l aadl ) il Slga (e 3l 5 sgd) JAIT cisal) dadii] 8 61 9¢d) (g slae em
vere A ogil) s B exhauSt G da g
Ducts «uisal)
S.A.D (Supply Air Diffuser) .\
R.A.D (Return Air Diffuser) .Y
F.A.D (Fresh Air Diffuser) .¥
EX.A.D (Exhaust Air Diffuser) .¢
«calisall J&\ il
Main duct .\
Branch .Y
1A CSal) Leda adiay ) 3 gal)
Galvanized Steel .
Stainless steel .
Textile (Fabric) .
Aluminum cladding .

s0dlal rlall (e csal) 8 9 Galvanized Steel

Ao gl JESY) £ ol g2

,égﬂ‘\gimaﬂ?\gm Y

(s i i ¢ Jalian) JSG o cdlaal) plall csall adal oSay ¥
AI) it Lalais) g 1o g SIS g Jobiins JSG o Sl

(EUELY) adYL) sdlayl B asatl) §ALSES A gga

Flal) (e (Uagd)) gl Cpa Juladl) Y

LAl sl a4l aiialll Gad Y
Stainless steel ducts

LS J8E o Andal o LIS )

LS sall 9 Gasall g laall o glia Y

.Medical application (<l i &) Hygienic Application < Jis 4ald cilipai 4l v
Textile (Fabric) duct

() mawdl) Ga g e 8 Bk LY

A2 8392 50 gl DA Ay 58 g 6 ggd) JAL A gl Y

L supply air duct < adiig .Y

¢

[~]

Soh g hadile CS Y g sl bad Joh o dda sl sgd) @S

a9 gl aglia g Al dagee (81 9 s AY £G4 e (aldia Cigua g JB) ARIST ¢ JBT ¢y ¢ S Al Qg
Aaadts cilS i a5y Asgical

Y ailas B ASlaladia) gl Y

198 glall csally (aidall agsll o
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Ducts types:

Textile duct

Air Ducts Design (Sizing)

pracll) aie i) A ARE Gl g dalge B 2a g e

1. False ceiling height
caSal) ey Jablad) b 568 (A Uik o alS ray Cla sl (e g (5 jlerall Guigaal) (e JaBlid) CiB) (3 98 L&Y A8 e Guny
as £0 SLE ) o cSal) aranal g ¥ AUILS a0 JaBL) CiBd) (398 Uil S 1Y) ) Jap lnd

2. Aspect ratio

€ 1)) O 0ol Adad g S (Bas ) S e G Le Apidll

w
T Aspect ratio I < (1:4)

«—W—> AR g )oY B Juadl S LS () 1Y) A BT Al culS LalS

3. Air Velocity
cald 13) g plia gall Jand Aa g SI g casal) Mag] cutd Ao ) cua) 3 13 « dalia ciSall JAa o 5gd) ds i (9S8 O cunn
Al pa dR0EY Ny 5 cSal) Sy 218 F (81 g plua guall Jana JB Ayl
ARHALY Cilidatll Ly aa gal) 48y} 2235 SMACNA 3580 Jshaa a2 51 @

For example:

Studio =3 350 : 500 ft/m && Residential S =3 650 ft/m && <lblaadl 48 & =3 900 ft/m

:d&éh@l\w\ﬁ\d&éﬁhﬁ\&PSMJ@QA:\S‘U.LAA:\S\JJMJJM)) Adc &\@JS*J& Q,,ﬂcp
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o Typical Air Velocity Guidelines

Low Velocity Duct Systems =3 typical 400 - 2000 ft/min (2 - 10 m/s)

Recommended max. Velocity
(ft/min)

Appllcatlons Main Ducts Branch Ducts

Supply Return Supply Return

Apartments 1000 800 600 600

Banks 2000 1500 1600 1200

Hospital rooms 1500 1300 1200 1000

Apartments, Hotel rooms 1500 1300 1200 1000

Industrial 3000 1800 2200 1500

Libraries 2000 1500 1600 1200

Meeting rooms, cafeterias 2000 1500 1600 1200

Offices 2000 1500 1600 1200

Residences 1000 800 600 600

Restaurants, stores 2000 1500 1600 1200

Auditoriums, churches, cinemas, theaters 1300 1100 1000 800

Medium Velocity Duct Systems

e typical 2000 - 2500 ft/min (10 - 12.5 m/s)
High Velocity Duct Systems

e typical 2500 - 3000 ft/min (12.5 - 15 m/s)

4. Size of air outlets

. Tl am,i@mt.m Branch <sSall alayf ¢ oS3 Qig@gﬁmﬂ\ AS o
O da gy JBY) e MY o S Gl (gSha Y < MY § Ade branch ) g YV E YT sala sl A (s YT g e
Sladi da ga g

2 el Gl (e 98 e @B 0585 FCU & AHU S o a2 5l 823 g Of (inay) Sy La JB cSal) Jsha 009 o g L0
LAA,\C_)M\ cgjﬁwmﬁ\ﬁ‘ﬂgjomgng\M\uiﬁhﬂﬂg\hJ(ﬁ#ﬁ
ARl 85 g Jadal) B o gagd) JulES cSal) B el gl g £ 98y Sl quny

SN MY e B ) zliag sl aa) dlal s ¢S 138 Branch dagds JS s cSal) slagl it o gl e oad LY
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5 oSl g aiaatl) die J2dY) A (Depth A cbd Jdady) AY) aadl juds g ) aaf el Jlad) sla¥) puds ais |V
) JE

e Methods of duct design <Sall arawal 3k
1. Equal friction method.
2. Equal velocity method.
3. Static regain method.

1. Equal Friction Method

Laladia) Lo gl JiSYI 43 hal) A
A5 e ) o aad 5 o Al g o ) Sl b e (AP / 100 ft) daiudall & S84 Aagd il o A5 phal) o e
. CFM ) 5gd) (335 Jana J8 LalS (paBlitS G
5 258l Jglan Loyl 9 4y agall 9 4 7 sacall 21T Y CFM dad ST aic o) g Ao juad dad ] (] Ble ) 0 oy
L T 2| EIVIEN
(YIS Lguda 8 oty bl B SBA) o
a) For Supply Air Duct AP =0.08 in W.G /100 Ft.
b) For Return Air Duct AP =0.06 in W.G / 100 Ft.
c¢) For Fresh/Exhaust/Smoke Duct AP = 0.1 in W.G /100 Ft.

355 Caod L) a5 0
a\d;.wnl.\ M\ ?‘“ °

. Duct Sizer gt .
. Ductmate gtz .

|

Y

. Ductlator gt .¥
¢

(<)

. (4.8 Aspirion Duct Sizer gk .
Friction losses / Air flow Chart .

A ol 1) 238) | (9228) Duct Sizer gl g o4l
https://www.youtube.com/watch?v=lyEwkDqgTrGU

Laladia) €Y1 g8 g McQuay 48 gl ¢ geabial

Thickness of duct
zlall e

glall do aaad o b i Jalge B 22 g @
Zlhall Ao Jarsu o) il |
Zlall csal) sa Y
Akl mlal) £ 44 Y

pressure Ll |
zlall Jala o) ¢l Static pressure (Ssitiuy) ozl Aol L'i.sh e gana A zlall ciiuay 3 g<)

Duct Pressure Class Operating pressure | Duct Pressure Class | Operating pressure
In. pa In. pa
%" w.g 125 Up to 1/2" w.g 4" w.g 1000 Over 3" w.gto4" w.g
1" w.g 250 Over 1/2" w.gto1" w.g 6" w.g 1500 Over 4" w.gto6" w.g
2" w.g 500 Over 1" w.gto 2" w.g 10" w.g 2500 Over 6" w.gto 10" w.g
3" w.g 750 Over 2" w.gto3" w.g

 Jbal) Gttt B At cliaal gy (368 of &Y glal) O ey

52
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35800 Jgaad) (e gauge = (e L A8 jae oy Al i) Ciiiat g glial) cSall Sy sl gl A glaay

Pressure class (in w.g)
Duct pressure

26 24 24

(Led) 5 85Y) plal) cliual ga 48 pa (8as gauge ) ad) dzaglaa o
Thickness (mm)

Nominal Minimum Maximum

0.79 0.69 0.89

MANUFACTURERS STANDARD GAGE-THICKNESS—UNCOATED STEEL (SMACNA CODE)

Thickness in Inches Thickness in Millimeters
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UNREINFORCED DUCT (WALL THICKNESS)

PRESSURE CLASS (In W.G.)
DUCT DIMENSION Positive or Negative

1" 2" 3"
8" dn 26 26 26 24
9, 10" 26 26 26 24
11, 12" 26 26 24 22
13, 14" 26 24 22 20
15, 16" 26 22 20 18
17, 18" 26 22 20 18
19, 20" 24 20 18 16
21, 22" 22 18 16 16
23, 24" 22 18 16 16
25, 26" 20 18
27, 28" 18 16 Reinforcement is Required
29, 30" 18 16
31-36" 16

This table gives minimum duct wall thickness (gage) for use of flat type joint systems. Plain S and hemmed S

connectors are limited to 2" w.g. maximum. Slips and drives must not be less than two gages lighter than the

duct wall nor below 24 gage. Double S slips must be 24 gage for ducts 30" wide or less and 22 gage for greater
width.

Duct Gage 26 t0 22 20 18 16
Minimum Flat Slip and Drive Gage 24 22 2018

ROUND DUCT GAGE UNREINFORCED POSITIVE PRESSURE

TABLE 3-2A
ROUND DUCT GAGE UNREINFORCED POSITIVE
PRESSURE
+2" wg +4" wg +10"" wg
MAX. DIA. Spiral Long. Spiral Long. Spiral Long.
Seam Seam Seam Seam Seam Seam
6" 28 28 28 28 28 28

8" 28 28 28 28 28 26
10" 28 26 28 26 28 26
12" 28 26 28 26 26 24
14" 28 26 26 24 26 24
16" 26 24 26 24 24 22

18" 26 24 24 24 24 22
19-26" 26 24 24 22 24 22

27-26" 24 22 22 20 22 20
37-50"" 22 20 20 20 20 20
51-60"" 20 18 18 18 18 18
61-84" 18 16 18 16 18 16

TABLE 3-2AM
ROUND DUCT GAGE UNREINFORCED POSITIVE
PRESSURE
+500 Pa +1000 Pa
Spiral Long. Spiral Long.
Seam Seam Seam Seam
150 0.8 0.8 0.8 0.8

200 0.8 0.8 0.8 0.8

MAX. DIA.
(mm)
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Note:

e Nominal Thickness in Millimeters

Duct Fittings

1. Take off

NN

+

W W

w 1

54 9 el 93 Eigan adal Alld 5 oy ) olad) B take OFf Jue ¢ &Y main duct 3 ¢ branch g8 A al Laie
(g Egaa 59 Abaaadly ¢ 5

Q5SS g8 oo Bl take Off (1S o) gieall (8 Jgul) 98 138 900 ) 3 Jaay (poiieaa Jad) b Jary g g
R W kel Ciad 3008 oy A o 0158 o b 0d 9080 Ayl n Jaay Gulaall

Ri=10cm - w < 14"
Ri=15cm - 14" < w < 14"
R,=20cm - 24" < w <32
R;,=25cm - w > 32"
L39S Cuad 5 Jagouatl] AB L0 Q18 Y
S gbaw Ve 0o JLY 5 (Y% W) gt take off I dilaia plis )
Vo = take off ) 2 reducer Jes Al

(S0 ady 83 cya ) g fsT) 1ol o A —alug dule & Lo Al Jgey (S JB 52000 2l 08




ng}d\miqmw;.;g.d\”&ausja\x;\ c«\xj‘gg‘)l;awlaj\uu\ w#}wwqﬁ\bja

e Take off types

SEE VOLUME DAMPERS IN
CORNER FILLER PIECE
FIG. 2- 1 AND FIG 2- 15 OR USE GASKET

/

STRAIGHT TAP CLINCH LOCK
BUTT FLANGE OR CLINCH LOCK

LINED DUCT
CONNECTION
L= 1/4W, 4" (102 mm) MIN. (NO EXPOSED
LINER EDGES)

D1 NOT LESS THAN Dy

CLOSE OPENING .
AT CORNERS D 45° LEAD IN

DO NOT USE CONNECTIONS WITH SCOOPS.

45 DEGREE ENTRY 8 45°

PROFILE
VARIES

@

CONICAL NOTCH

BELLMOUTH FLANGED SPIN IN
L ;::: SEEFIG. 3-8
FIT ALL CONNECTIONS
TO AVOID VISIBLE OPENINGS
5)8|\r<JETTAIL AND SECURE THEM
SUITABLY FOR THE PRESSURE CLASS.
ADDITIONAL MECHANICAL FASTENERS ARE
REQUIRED FOR 4” W.G. (100 Pa) AND OVER.

FIGURE 2-6 BRANCH CONNECTION

OPENING CUT M U\
ACCURATELY (SHAPE & SIZE) { BEAD
BEAD—/

LANGED OR SPIN-IN

2. Reducer < sluall

take off J& 9 main duct ) ¢ branch ) 3§ 1y e
S e 10 cm = b reducer Jes ol
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e Single act : 1y olad) (e lud)
e Double act : malad) (m )

Lmin=30cm Lmin =30 cm

AS

_---‘-‘---‘-"""--_

— 0=
L

Baa) g dga e alud) oA @A«Aﬂ\gﬁdg-u‘ﬂ °
Jadlod) i) (36d £ Y e depth A1 bl Sy sal) it dic o

Aaar e 08 LBV QA gam Y 8 S Y Gung qiglual) Job o Bliall agall (0 o

e Offset & transitions

OFFSETS 2 AND 3 AND TRANSITIONS MAY HAVE EQUAL OR UNEQUAL INLET
AND OQUTLET AREAS. TRANSITIONS MAY CONVERT DUCT PROFILES TO
ANY COMBINATION FOR RECTANGULAR, ROUND OR FLAT OVAL SHAPES.

q—L———I

—/

CONCENTRIC TRANSITION

OFFSET TYPE 1 - "
(ANGLED) OMAX. 45° DIVERGING, 60° CONVERGING

OFFSET TYPE 2

(MITERED) ECCENTRIC TRANSITION
8 MAX. 30°
(EXCEPT 457 IS PERMITTED
AT ROUND TO FLAT OVAL)

(25 mm)

] .

6" (150 mm ——
THROAT RADIUS : " FLANGE
MINIMUM | OPTIONAL

" f——

OFFSET TYPE 3
{RADIUSSED
COR OGEE)

STANDARD BELLMOUTH
(ON SHORT PATTERN BELL
C=3"(76 mm)
B =A+4° (102 mm))

FIGURE 2-7 OFFSETS AND TRANSITIONS
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e Offset types

FIG. A 1S APPLICABLE FCRUP TO

20% AREA OBSTRUCTION WITH ROUND
SHAPED MEMBER AND 10% WITH FLAT
PROFILE. Y IS THE DISTANCE FRCM
DUCT CENTER.

LIH=05TO2
B = 12" (300 mm)

FIG.C

20% MAXIMUM AREA
REDUCTION

VANES MUST DIRECT FLOW
PARALLEL TO DUCT WALL
CAUTION: HIGH LOSS
COEFFICIENTS

32%2

82

A+B = 1.25C (MIN.)
AT CONSTANT
DEPTH. FIG. E

{(USED WHEN OBSTRUCTION EXCEEDS 20% OF SECTION AREA
AND OFFSETS AROUND ARE NOT POSSIBLE).

FIGURE 2-8 OBSTRUCTIONS

For Round duct:

LONGITUDIANAL OR SPIRAL SEAM TACK WELD OR 5/16" (8 mm) DIA. BOLIS
MECH. FASTEN AT MAX. 8" (203 mm

M, ON 8" (200 mm) INTERVALS
(102 mm) CENTERS
3/8" (9.5 mm)

\ FLANGE
NON—EXTRUDING GASKET

OR SEALANT

BEADED SLEEVE JOINT
RT-1

VAN STONE FLANGE JOINT

RT—2A COMPANION RT—?

FLANGE (OPTIONAL)
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SLEEVE TO BE AT LEAST
DUCT GAGE

4" MIN. 1/4" (6.4 mm)
(102 mmj BOLTS.

TWO MIN.

SWEDGE (BELL)
RT-6

CRIMP JOINT
BEAD OPTIONAL
RT-5

ON JOINTS RT-1, 4, 5 AND & SCREWS MUST
BE USED AT UNIFORM INTERVALS 15" (381 mm) MAXIMUM ALONG THE
CIRCUMFERENCE; THREE SCREWS MINIMUM ON 14" (35.6 mm) OR LESS DIAMETER.

MIN. FLANGE SIZES FOR RT—2 AND 2A

1" x 1" x 10 GA. ON 147 MAX DIA.
(38.1 mm x 38.1 mm x 3.2 mm OR 35.6 mm MAX. DIA.)

11/2" x 1 1/2" x 1/8" DIA. OVER 14"
(38.1 mm x 38.1 mm x 3.2 mm OVER 35.6 rmm)

LONGITUDINAL OR SPIRAL SEAM DUCT IS
ACCEPTABLE FOR ALL JOINTS EXCEPT RT—4 AND 6 (FOR LONGITUDINAL ONLY)

FIGURE 3-2 TRANSVERSE JOINTS — ROUND DUCT

3. Elbows g s

%
,r
R

H

w-\.L

R v throat radius Center line radius R =3/2 W
Rny = Heal radius
Ru=Rn+H
th=6" iIfH<18" a,s‘:uga.léﬂt R
=10" ifH>18"

o A8 il o) gl i) 93 duaay £ oS (Gash (e CSAll B ) gl e pdl e e
LYY el guide vanes g 58Ik 4 5 Gl S A oty A bial)

When W = 10" =w None
When W =12:16" = 1
When W =16:24" w 2
When W =24:30" w 3
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e Elbows types :

TYPE RE 1 TYPERE 2
RADIUS ELBOW SQUARE THROAT ELBOW

WITH VANES

CENTERLINE R = % UNLESS OTHERWISE

SPECIFIED — IS NOT RESTRICTED TO 90F]
SQUARE THROAT, % = 0.5 MAY BE USED,

UP TO 1000 FPM (5 mps).

TYPE RE 3 \
RADIUS ELBOW w
NOTE: WITH VANES

For RE 3 see page A.41 and Curve Ratios in Fig. 5-12 TYPERE 4
in the SMACNA Duct Design Manual. SQUARE THROAT ELBOW
WITHOUT VANES
(1000 FPM (5 mps) MAXIMUM VELOCITY)

/

o
/

}‘\ \I<\ -

w

TYPERE 5 TYPERE 6
DUAL RADIUS ELBOW MITERED ELBOW

BEAD, CROSSBREAK AND REINFORCE FLAT SURFAGES AS IN STRAIGHT DUCT PAGE 1 OF 2

FIGURE 2-2 RECTANGULAR ELBOWS

b

(S0 ady 83 cya ) g fST) 1ol o A —abug dule & Lo Al Jgey (S JB 2000 2l 08
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o

TYPE RE 7 TYPERE S
. 45° THROAT
45° THROAT RADIUS HEEL
45° HEEL

ALL 45° THROATS ARE 4" (100 MM) MINIMUM

2 2

TYPE RE 10

TYPERE®
45° THROAT RADIUS THROAT
90° HEEL 90° HEEL

BEAD, CROSSBREAK AND REINFORCE FLAT SURFACES AS IN STRAIGHT DUCT PAGE 2 OF 2

FIGURE 2-2 RECTANGULAR ELBOWS (CONTINUED)

TABLE 3-1 MITERED ELBOWS

: R/D Ratio Number of Mitered Pieces
Duct Velocity Centerline Radius to 90 deg.60 deg.

Duct Diameter

Up to 1000 fpm 0.6

1001 to 1500 fpm 1.0

Above 1500 fpm 1.5
e SMACNA CODE
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e Duct Network

e Duct Connection
9(SeamS) sl G yr) La alaiiuly Lpudany Joliiess i o Gilaal) plaall (e dxiuadl) ) 5¢d) o e day s 5 Jpa s sy @
JS& (e JiS) AL g LSRN, i jay La o) S Slip 1 g (@ sl dad Lladly i ay L i C Cleats ) L gl g 4alida Jledi L
SMACNA 268 gﬁ 335 54 Jana gill JICE) 5 3ok g

1 ja"
= & . _,I —

T-1 DRIVE SLIP T-10 STANDING SEAM
Rivet or @ D
Weld /\D

”ﬂ 1-3/4"

T-21 WELD FLANGE T-22 COMPANION ANGLES T-25b FLANGED

'Gasket

S 5 3y spalas 5 Flange gt aladiuly e lpda plall cle by ) aly dua Flange claddidl) 48 jh Loy 3

. Gasket i aila

L 85 G adal a6l i () gSlud) aladi aly ABLud) (3 hat) S

. SMACNA 458 ) £ 53 A s 5 <dbua sl g 53 JLAS) oLy <) 201 (i W.g) #1581 S0uY) bl i o o
Flange type ) L i giall g3 piual) cilullall S Slip type s Drive slip ) s aladiay) 8 aildl) g ey
el glall (e b sl Cluliad) g3 ) Ja gudal) B andiyg

6” long 1/16” max. . " .
thickness plastic ?I::vgamper . -‘ . LJA
cleats 12” c¢c—c

(min. 1 per side), N3l I - dJa; La g ralowa b e ) A g Al $ el
| . Spiral seam

(Attach per <
manufacturers |~
instructions)

Neoprene Gasket
between all angles




& )sall deal desa uaigall || LLS 5 o] ¢l sell 5 )l 1 Lualadl L)

Ducts supports (Hangers)

. Trapeze Js& e supports <lalead &b ¢ Al Al Ciiadly Julatual) glall csal) gt o3y o
 Claall paal) e (A gla Lol (ST 5 sl Jhud oS5 L s JS4 e cilaal) wasdl (e Ll g5 (e Bk @

Hot Rod (il

 dralal) (p cilblaal) Al g Sal) dlagl qus e SMACNA 2580 Jghaa (e daad Lns saf Al support ) e

|

~ 3]
e

<Lt Al

ROD
N\ il

ANGLES s Uil g3

ALTERNATE

LOCATION (VERIFY UPPER
TRAPEZE LOAD
CAPACITY)

. SMACNA 258 ¢ AU Jg2all Las supports Al

TABLE 4-1 RECTANGULAR DUCT HANGERS (MINIMUM SIZE)

'\f_ﬁ;ﬁ':\/'gllzvl Pair at 10 ft Spacing Pair at 8 ft Spacing Pair at 5 ft Spacing Pair at 4 ft Spacing

DUCT WIRE/ WIRE/ WIRE/ WIRE/
SERI R STRAP ROD STRAP ROD STRAP ROD STRAP ROD

10 ga. 10 ga. 12 ga. 12 ga.
(.135™) (.135™) (.106™) (.106™)

P2 =T72" 1" x 18 ga. 3/8" 1" x 20 ga. 1/4' "X 22 ga. 1/4™ "X 22 ga. 1/4™

P/2 = 96" 1" x 16 ga. 3/8" 1" x 18 ga. 3/8" " x 20 ga. 3/8" "X 22 ga. 1/4™

P/2 = 120" BLCRIL 172" 1" x 16 ga. 3/8" " x 18 ga. 3/8" " x 20 ga. 1/4™

ga.

P/2 = 168" LZ R 172" LA G 1/2" 1" x 16 ga. 3/8" " x 18 ga. 3/8"

ga. ga.
Not 11/2"" x 16

P/2 = 192" 5 1/2" 12" | 1"x16ga. | 3/8" "x16ga. | 3/8"
iven ga.

P/2 = 193" up SPECIAL ANALYSIS REQUIRED

WHEN STRAPS ARE LAP JOINED SINGLE HANGER MAXIMUM ALLOWABLE

LOAD

USE THESE MINIMUM
STRAP WIRI%DCi)aIl?) ROD

P/2 = 30" 1" x 22 ga. 1" x 22 ga. "X 22 ga. "X 22 ga.
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FASTENERS:
0.106""-80 lbs.

0.135"- 120 Ibs.
0.162"-160 Ibs.
1/4™-270 Ibs.
3/8"- 680 Ibs.
1/2"-1250 lbs.
5/8"'-2000 Ibs.
3/4-3000 Ibs.

1" x 22 ga.-260 lbs.
1" x 20 ga.-320 Ibs.
1" x 18 ga.-420 Ibs.
1" x 16 ga.-700 Ibs.
11/2" x 16 ga.-1100 Ibs.

1" x 18, 20, 22 ga. - two #10 or one 1/4™"
bolt 1" x 16 ga. - two 1/4™ dia.

11/2" x 16 ga. - two 3/8" dia.

Place fasteners in series, not side by side.
NOTE:

. Dimensions other than gage are in inches.

. Tables allows for duct weight, 1 Ib./sf insulation weight and normal reinforcement and trapeze
weight, but no external loads!

. Allowable loads for P/2 assume that ducts are 16gs. Maximum, excepts that when maximum duct
dimension (w) is over 60" then p/2 maximum is 1.25 w.

. Straps are galvanized steel; other materials are uncoated steel.

. 12, 10, or 8 ga. wire is steel of black annealed, bright basic, or galvanized type.

TABLE 4- 1M RECTANGULAR DUCT HANGERS (MINIMUM SIZE)

MAXIMUM Pair at 3 m Spacing Pair at 2.4 m Spacing Pair at 1.5 m Spacing Pair at 1.2 m Spacing

HALF OF
DUCT
PERIMETER

STRAP

WIR
E/
ROD

STRAP

WIRE/
ROD

STRAP

WIRE/
ROD

STRAP

WIRE/
ROD

P/2 =760

25.4x0.85

3.4

25.4x0.85

3.4

25.4x0.85

2.7

25.4 x 0.85

2.7

P/2 = 1830

25.4x1.31

9.5

25.4x 1.00

6.4

25.4 x 0.85

6.4

25.4 x 0.85

6.4

P/2 = 2440

25.4x1.61

9.5

254x1.31

9.5

25.4x 1.00

9.5

25.4 x0.85

6.4

P/2 = 3050

38.1x1.61

12.7

25.4x1.61

9.5

254x1.31

9.5

25.4 x 1.00

6.4

P/2 = 4270

38.1x1.61

12.7

38.1x1.61

12.7

25.4x1.61

9.5

254 x1.31

9.5

P/2 = 4880

Not Given

12.7

38.1x1.61

12.7

25.4x1.61

9.5

25.4x1.61

9.5

P/2 = More SPECIAL ANALYSIS REQUIRED

SINGLE HANGER MAXIMUM ALLOWABLE
LOAD

WHEN STRAPS ARE LAP JOINED
USE THESE MINIMUM
FASTENERS:

WIRE OR ROD
(Dia.)

2.7- 36 Kg

3.4 - 54 Kg

4.1-73 Kg 6.4

- 122 Kg 9.5 -

308 Kg

12.7 - 567 Kg

159 - 907 Kg

19.1 - 1360 Kg

STRAP

25.4 x 0.85 - 118 Kg
25.4 x 1.00 - 145 Kg
25.4 x 1.31 - 191 Kg
25.4 x 1.61 - 318 Kg
38.1x 1.61 - 500 Kg

25.4 x 1.31, 1.00, 0.85 mm - one 6.4 bolt
25.4 x 1.61 mm - two 6.4 bolts

38.1 x1.61 mm - two 9.5 bolts

Two bolts must be in series, not side by side.

NOTE:

1. Dimensions other than hanger spacing are in millimeters.
2. Table allow for duct weight, 4.89 kg/m2 insulation weight and normal reinforcement and trapeze
weigh, but no external loads!
. Straps are galvanized steel; other materials are uncoated steel.
. Allowable loads for P/2 assume that ducts are 1.61 mm maximum, excepts that when maximum
duct dimension (w) is over 1520 mm then p/2 maximum is 1.25w.
. 2.7, 3.4, and 4.1 mm wire is steel of black annealed, bright basic, or galvanized type.
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Mz, thickness of

supporing steel
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i
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0

Vibration Isolater [Canvas]

(el ) < 3) 5y ke

. rubber Jlaall gf (ALY 43 8ale agly 5 gLl (a O 4 0 B ke

JUEL) adal dlld g A3slally Jual o) Zleall cSal) G s AHU & FCU & Fan <ilS o) g AdSlall ¢y L 4 53 aly
S AN CiB) g gz lall casall ALslall cpa il 31 AY)
el gl ) Lallal) (e il 31 FRYY QUL adad cilalhall 3l bad e LS 5y A Flexible connection ) 4
hall dal qua o Lelualli a3y 5 Jasd) gBsa M AgiS (B clil A o adgal) ) Ly 55
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Volume Control Damper [VCD]

$158 7 e (e gAY i cSall b ofm o) sgd) (3835 Jana basida b addids
. &Sl J8& wa e Rectangular $f Round gsils ¢S of L) VD )
g a9 il o g3 Al i) aran (e AR 4G 23 99 9 Aule S e (g 2) Sl bl (al] AR Al 0585 VD
154 Gl aday s Seal sl gasket <l s>
L0l 5 4ia 2 g
) L 8103 b e Ligy 4 asatl) 2% :Manual .Y
. VAV system g asiig LIS 93 LE) (e iy 9 (3l & oy 3930 058 :Motorized .Y
0195 ¥ agle 22

1. Parallel blade damper (on-off damper)
2. Opposed blade damper (part control)
3. Splitter damper 3 _uall cile pul) ga ariivy
ae Vo oe S8 Y Al Take off ) 3 branch A Ae VD ) qus 53 &y
sl G Slallag g 51 9d) g ki Jia o gala g (1 drglial aly
Jash o) 5el) ¢ 33 Jasda Al oL cBga S Gy ) gling g a8 Ban 9 5 e ddasda ol

VD for Rectangular

e Parallel blade damper & Opposed blade damper

Dampers: Parallel vs. Opposed

':J’ .

: VD A Ganiiadl) gl

EGAT .\

ALANDOLSIA .Y

ZAMZAM .¥
CFM b asail gy « CEM - o 854 pladid 3 Try & Error Method Al s s1s¢) 43S (b psal) o,
Test & 4jigall glascall dlany oot Lo 52 g dpualial) 4pasll auin oy Jia JABY g 381 2%y 9 @iy balance dawd s
. aaiia clS y& daul g a5 9 balance




& )sall deal desa uaigall || LLS 5 o] ¢l sell 5 )l 1 Lualadl L)

die Glld g dbua g poliiead s VD JS dis CBdS Gl ) gliad g £ g pdiall dylay 8 Bas) g B je 431 gall g il diles o35 @
Alal) Jlas

al 9 VD A P& baial) 8 2881 jldel) 8 M csall DA ikl b addl) 9l static pressure J) dad clibua Jas 3= o
0.1 mw.g 4aii gl giaal) z oIS (a ddle J guanl)

e Air Flow meter [Test Balance].

@ | AIRFLOW

Fir Damper [FD]

g9 Aniay o) 81 5 AL ) o Jkday spring (o Ladla g (3 bl Jie) b L p e st (e Ade o 5 e FD
Ao g3 Gl (L) ald A g 0 2o (huaal) uun) dira B0 da 2 2 ygeall Fusible link Jgeaidd A8 s g
.spring 4!

Q3 g (e (e ST a2d3 3l Packing unit ) sas s sl AHU ) s¢d) A gkia 3as s Return duct i FD 2 oS 55 aly
Lede Blall Packing unit s AHU 3 e Glaall Jsda adaly ¢ @ all cdg AY (l<a e il JUit) atal

Supply or Return ) ¢S & g cSal) (3 5335 Lasie g fire rated wall (sl daglia o) jaadl ¢ o8 oSy (lany A
Fire Weaw) 33l qus i alh LS (3o all &igan ie i i) Gm Jualll o Jary cSall J31a FD ) auda g ady o) jaad) ola
L84l J e sealant

¢ 3y S 3 ad) Eigaa 389 smoKe detector ¢ 3 LE) Mg motorized ¢sSy Smoke Damper = (saws b 32
FD - Jia 30 adl A o gl ) JBI5 Y 9 & il 58 MW

. NFPA 90A (Al g 53 ) ol FD A1 ¢& 3 3al) 48 2l

piaally paldll 7 gUisll e FD ) S Jaal) 8 2831 jLde ) G4 3 <sal) A static pressure ) @l Jas die
L Al @sall A cus 3l a9 3 round .55 4k 225 FD )

FD for Rectangular
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FD for Round

: FD Al cpniiadll gl o
EGAT .
ALANDOLSIA .Y
ZamZam .Y

Imaages from sites:

Plenum Box

Ehall (n (Ggdia oo B ke

AS A Sa s e dalading (e oa ) g plenum box ) slal

5 (o ) Sl e o) ggd) aand aly Cua diffuser e 4S5 ab plenum box =)
sdiffuser 3 Jsh o MlS &) 5¢d) a5 32) 9 Flexible duct guall esal g kb
Lle Jsandl oSas g diffuser (neck size) 31 i e plenum box 1 sagl aaias
s (e

sslots A axe e sslayl diad g Slot diffuser ) e 4S5 A% plenum box
Z S e lgle djﬂﬂ\eﬁgje@-.\#aéw\

T A o) AHU gliall Bas g 7 A I 48 55 o plenum box )
branches g &Y s qua Jo gaw Ay M ov sy FCU D

(5 4SS Sy LaS AHU )ty udly dlas g dua e g Ada Ao ial)

) Gasb (e e gD ASY o) ggd) aa 55 o2k package unit ) g A
. branches

b L JA Ale a3 FCU 1 sl AHU 1 g = plenum box
(AromFlex) isa Jm Wil o fiber glass

Glea die JLieY) L8 5 pressure drop 44 &ass plenum box 3
3 gaally paldl) 7 gl (e dle Juand 5 csall static pressure

. 4s ) g ofm 3 s e Ashrae duct fitting database gt adddid
. plenum box <) s <sall i e Canvas <S5 aby
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Elexible Duct ¢l sl

O s () A gz saal) et UL g plal) csally o) gl B Jaa g B adiiag ¢ e g 1S CiSa o B e
: 058 o ¢San Flexible duct
=2 Metallic .\
(i) DUl as dal) ¢ sl il e ) Non-Metallic .Y
2 Ols i 4de a0 Flexible duct <
Air connector .\
Air duct .¥
. UL-181 standard </ L) asea jolads al £ 53l 138 54.3 m ) 14 ft ¢& 4k 152 ¥ air connector )
. UL-181 standard < bba) jalad 9 bl Jsb 4l 33 51 Y air duct SGl g sill
iiai g fadd Jgh Juad] g plaial) ja8 o 4l gh 85 4% MM S pressure drop 4AA &asy Flexible duct 2
(b 2l LG Y g ¢ 4y (8 5S) B Jes gl Adaiida (g Jalsll (02R) oadl a () Jua Flexible duct ) qus 5 2is
Jarall
. 3ala 4515 Flexible duct A1 (& ade 2y
bl G e Y g Llua e al of oS
1,0 A Al Juai of (Sar 9 e ), Y 0 AT s support JS ¢ be Adlual) b 35 YT i Flexible duct 31 (gudss xie
L2 in/ft o8 A4S ie Jaall 250 Y a5 peaal) Glua g s e 9l e
$156) (330 Jana da glray el 5 pleaally (aldld) 7 gISH (el Maad oy 9 duagy VA () € e Flexible duct ) sk
ssupply ¢S 131 600 fpm ¢& Flexible duct ) Jala ¢) sl 4 255 ¥ Juady 5 cLagl 1 5¢d) 4 o g 4DMA cfm
. return 4400 fpm ¢=
. g3l neck size A ké (il Flexible duct ) ské ¢ 58 of &1
Fire «uSsiah A g fire rated wall sl 4aglall ¢l paad) (355 Euay Flexible duct ) aladia) jsaa ¥
. Wiea Damper
. genaall z oS (e 4 2 oy Flexible duct ) (A daaay o3 Jaial) 8 sadl|

aell) sLab a8 (oY 3 oSta W) A M) i a 53 (oa L) salea g Adle ) Sl o) gy JUB
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Flexible duct support

DUCT SHOULD EXTEND
STRAIGHT FOR SEVERAL
INCHES FROM A CONNECTION
BEFORE BENDING.

MAX. SAG 1/2" PER
FOOT (41.7 mm PER m)
OF SUPPORT SPACING

/

MAX. SAG 1/2" PER
FOOT {41.7 mm PER m)
FOOT OF SUPPORT SEE WIRE HANGER
SPACING OPTION IN FIG. 3—10

CLOSER MAXIMUM INTERVALS MAY BE SPECIFIED
AS A CONDITION OF U.L. LISTING, PARTICULARLY
IN FIRE RATED FLOOR — CEILING ASSEMBLIES.

— 1" (25 mm) MINIMUM

1" (25 mm) BAND CLAMP
WITH WIRE iS OPTIONAL.
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SUPPORT SYSTEM MUST NOT DAMAGE DUCT OR CAUSE OUT OF ROUND SHAPE.

FIGURE 3-10 FLEXIBLE DUCT SUPPORTS

Characteristics of flexible duct

form in a
semblies

through 1
14" [350

Figure 1

Figure 2

2.1 Description

Flexible ducts usually are packaged in compressed

both ends. Diameters generally range from 2" [50 mm)]

increments. Most flexible ducts are slightly over-sized
in diameter to fit over standard sheet metal fittings (see
“Dimensions and Tolerances” in Section 3.5).

2.2 Typical Styles

variety of lengths with plain ends or as as-
with special end fittings attached to either or

2" [300 mm]in 1 in. [25 mm)] increments and
mm] through 22" [560 mm] in 2 in. [50 mm]

Figure 3

Style NM-IL - Nonmetallic, Insulated,
Lined (Non porous Inner Core)

Figure 4

Style NM-UN Nonmetallic, Uninsulated

Figure 5

Style M-UN - Metallic, Uninsulated

Style NM-1P - Nonmetallic insulated,
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Duct Leakage Test
casSaly QA c,t\_).uﬂ‘ gl,\ﬁ‘

. Duct leakage test JLid) Jes aly zlall Jiall Jlas A sail 3@ ¢ zlall cilus il Jlae i (e slgiiy)

Agy il 48Ua o) 9¢d) 8L £ g0 (e CilpaS Gy il 3929

HVAC air duct leakage test gaall 2 daua gall cilagdail) £15) g Jia¥) JLEIL ¢ ) qupuds JLE3) £1 Y
. manual

LAY EDE gkl gaaly e LadY) a3

Smoke Test glaall jLid)

LY 31y Y] 5136 e (LY il pe g Sally 51 3¢ 7 Jlia gan oS o |

~ Josall ddadi A A il z g A dad Jas oy,

O el o685 Alsle gl Sl aladia ol

Sl 218 ) el Tl Ly |

Sal) Jals ) Glaal) Jeay s blower aladiu) by Jagh cSalf ¢lS 1)

O La Bluagll aaan e g sall o) ciSall Gy judd 3 g2 g Aliadla oy
(Al (ra A G gl A g zlall Gl

dallaall ol Jaey o puil) S 1B 0 © L) Y (e piill Lalas 22 gy
A8 oty € el IS 13) 9 cJibad) ¢y sShad) duct sealant 3aba
(A1 B e JLEAY) slay g ¢ AT B e LgusS i Bale) g la gl

MY G B Salal) skall (S 13 (el 3l ) cSall Al L)

Light Test s gall il

,(eﬂﬂ\) & Luall gé ady LEAY) XY

LiSally 3 g gall clatil) asen (PI) Ay

,JL&S&J:JS;J‘QU Yoo OJ.E Lfﬁdwswé‘:‘:'

L2SAl) JA13 ¢ gual) Janled a%y

Gl g cSally Al AT ) 5 gulall Jguay o sl oy

Sl A sl JAs LSl dly e

Zhall Gle G alua gl 33‘5‘7\-'-.\%@3&

Aallaal) o ysua & guall Gy ol 352 9 Ala (2

il S o gudall Gu g 3 g2 g Ala B 5 ¢ gShuadly

SLERY) Bale) oy g 5 AT B e qus A

el b o 4 450 0 08 9 A o LSSYI 13

el e csal) Ay A e 3 gral) a3k A Lyl Ay g 1
Pressure Test bl jLid)

(ABA g haiia (B 3ae g da g e e JulSia lg2) pressure test Sl Suas ab
Aalue (580 Euay vl g delin) uua Z70NeS (o) ciSall il oy
Sl CFiM 2 Jlae (rads (i)

ical) Alaad 4y 400 Ban) g Aath ae Lagh cSal) b claidl) € 31 oy
CiSall JA ¢ g¢d) i ad ) ade AB3adla e Slgad) (e il dglary 2 6
CM\ baall oo

3539 o AV 058 il (il Al 8 g Jabal) das A Al
Aallaa g 4ilSa (e Cad) oy Qo s




& )sall deal desa uaigall || LLS 5 o] 2aae Al uaigall Capill 5 ) 5

Duct Weight <sall ¢ 39

il 1) 2 5 BOQ Jws ) Aalia b £ g pdially addioiad) hally zlaall ¢y 9 2aal dlia qigllae 5 anadl) &l o o1 o
Sl il gl dpalacal LS 5 a3 Al liall ciliaS puaa dlia Gogllaa
s Ay Aalaal) (0 zlaall (159 Sl 2y @

Weight =2 (W +H)*Lxtx*p
W : duct width H : duct height L : ductlength t: duct thickness T

p - density = 7850 kg/m 3 (density for galvanized steel). N 'l'

OR
Weight = 0.4« (W + H) «Lxt
W & Hareininches :: L & T are in meters
eﬁgcﬂlﬁﬂﬁ\gm;\h&d\ @\.\iﬁu}l.gh\g ¢ ASl) UJJS\UJQJM@M‘@SMA“J; CMUGJSUJJuLuAeSg °
. Al el ol cllual) L8 Excel Sheets alaidiul
. Splitter , take off , reducer and elbow Jie Sally Aaldl) cidla gl g &l ) g dpdlly
S ) S8 o Lanay) g J gl G Le GUESY Ay Juad) M LgS 5 ila Ay pha e ML) Ui

8 siall 9 Jglhall guang g4y Jand) J J S O e o glaall (10 ali s e g bial) uald g & jlial) 2y A
A e Al Ay g (5 LaiuY)

L

=S Galiall s quwas Reducer Jdshll ¢ a 1,0 Guuad £ o<l

298 Gl g gbeaall g & 9S4 5 9 il Al 294 028
o M) g J gl c BURY) s e 9l 0l e % Y ) Y A 293 (gl b aay

Insulation Weight dad) &)y
+ Al Adaladd) cpa Joad 009 elea A

Insulation area ‘sl 32l (m?) = 0.05 (W + H) + L
J e dalua
52a) )1 4l Zaline
(p VoY el ga ¥ Ldgha oS Jall Adl) Ya Y ¢ = Baal gl 44 dabia
J el i aae
Ohlb zlall (3
. sl Jolial) e g cliluall e CHECK Jdes ¢Sy Afglad) Astaall DA (4

= daadiwall J jall il 2ae

obKlad7.5: 6 =
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Static Pressure Calculation
KAJQASS S Jardal) Sla

a B 5 Longest duct e asl (& ki daal ) 81 9¢d) Ja 5 Lga o pllaal) Jaadal) g da g pall (Sl Jabual)
bl b alial @ gana o qulial
t (o) pwdil bbal) (B LBl
Major Losses or Primary losses (Duct [0sses) 4wdi cusall b adlial) |
Local losses or Secondary losses <Sally <bua gll g &l ) geunsy) N4 284 Y
Fittings [Reducers, Elbows,...] (a
Dampers [VD, FD, ...] (b
Air outlets (c
s Sl bl Gl &) ghad
(CAD sl (1o 3335 o) A g pall (1 158 7 o3 aal ) Ao g pall (e dghay e gkl ypand ol )
Shesa gl G AL/ P Jsh Baa g g8 Sla) vl 4 3831 s g primary losses <) dad qilua ol ¥
. 0.1 Ft 43ad iall 8 188 Ciaah a8 Voo JS () a8 dasll) o2
9 ullal) JNA g Fittings ) JMA kil 3 881 dad ool A 9 Secondary losses <) b ol
. equivalent length ¢ASall Jshall oo Las Wie mi 9 ... s dampers i 5 £ ssY)
Ashrae duct fittings database gabis aladia ais Fittings ¥ A (Al Jghall g Jauall b 2881 cilaaad
s A (g Al i) (Sa

1. Equivalent length of Take off =5 Ft

2. Equivalent length of elbow = 10 Ft

3. Equivalent length of reducer = 15 Ft

4. Equivalent length of branches = 20:25 Ft

el ) aladiin) JuadY) g Jagill oda (a9 il

Z S e dle J gaadl 2l volume damper 3 JSA haual) 8 addl)

Z Sl e dde J ganl) o fire damper 3 JSA hial) 8 a8dY)

Z LS (e dnle J gandl 2y air outlet ) SO Jiudal) b addl)

A il A S8l jldey) & M of cas AHU ) 4a 5l static pressure ) qilbwa Ala
1. Cooling cail
2. Heating coli

3. Filters

ai da g all external static pressure J) 4ad e Jgaall Secondary and Major losses 3 ¢x JS gea ol

. 1.25 gl Jalaa (A pa

. In w.g (inch water gauge) & ESP 3l sul 3aa g

ESP = (Longest duct run length + total equivalent length of fittings) * (0.1/100) + (pressure drop
through volume damper & fire damper & air outlet) = v in W.G * 1.25 ¢l Jalza

YN
N

Air Supply Fan

.WUJ!\M\C)AJAJMd‘ghi °
1 Adll Al elbow g s reducer ¥ s dag g ¢ ¢ ¥ Adll A tgke Off ¥ 2 da g Jlead) 1A DA o
. Elite duct sizer , Ahrae , Varitrane duct designer Jis ESP qilual duawaiall gl il aladin) J2iY) o
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Chilled Water System
m\ O\,.\-d\ @LBJ

| HVAC Systems J

|
' |

Direct Expansion (DX) Chilled Water

ﬂ Low initial cost J LHigh initial cost J‘*

_’L High Running Cost J LLow Running Cost J‘_

_’L Easy for maintenance J LComplicated maintenanceJ‘_

sl (g sk e 48 a1l £ 9¢dl L i a5 Chilled water alii L 3 il &g 8l 3k (8 8 5d) 28 b DX ) Ui
s AN Gk e chiller 31 (b U 53

Chilled 1 alas L 82 gase 43y 5 da 4l 23N 138 o) an i (51 a Jaa Lgd A1) (SLY) B andiig DX ) aldis
Bagina e Aldgy il dad) 9 S ) Jaa L AN Y (B ardiay

.Chilled water - aUsil Jdil) g cus a1 Cillss aa 43 jlBally 8 yiua 41 Jaudill g cus a1 Cillss DX ) Ui

B day 0 it ) zliad 28 DX I aldii el Lale Yo L) iy 88 S A1 ol 58Y) asd) Chilled water 2 als

ASI e g siag i) 9 DX ) ala pa A3 jlBally 48Ul 8 ga ol 43} Eua duaidia Chilled ) &l running cost -
ARl Bga & 5 cOMpressor ¢s

0 45 A A Cilaa g padindd Cua DX ) Uil U 2 43 ,aly Chiilled aUs ahaddia) Alla A Juad) Gsall Alaadl Joil)
o) dgal gl Alaad) (S

Lpanadia J) zliag g Alsal) Jleei & diaa Chilled 2 alas Ll A Alall Jlesi ¢ a) dis S DX ) aldis

Chilled Water System
(Sl dipsill) Aadial) slual) aldss

Zone Chiller Ambient

supply air fan Compressor

ﬁp:_

Ambient

®
@)
—1

L

cooling coil Evaporator Condenser Cooling tower

g Refrigerant z

1 ¢ load sl Jaadl A1) e Jart 33 0 olta W s Cooling COil gy sl £ 504l zoNe gl space JS 2 o
Supply air fan aladiuls zone
L ol a5 (0828) refrigerant s b s 43 saxg Chiller o 25254 evapOrator & Wy ai 5 sl slual) o2
38 Ak gl condenser pump Gk e cooling tower ¢ b water @bk oe condenser ESall 8 ¢ g1 81
Ssed) Gab oo Sl A g 8
.ambient 3 A ¢ 5¢d) 1k ¢e cooling tower ) (8 sluall b5 Ay

76
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slaall &y 4 Jascs oS refrigerant G Al aladiag af co) sgll & 8 Jasu 58 slall aladin) a3 Chilled water ) allai 3 o
. cooling tower 1 & slwall & 5 Al 58 Ambient 2 A ¢ sl aladin) &5 ¢ chilled water

System Components

alail) ol g<a

1Y) e alladl) o o<y
g 11O

Fan coil unit

ndoor units
> (Gooling Devices)

System components —< Air handling unit

~—>» Cooling tower

> Gooling tower pumps.

“—» Piping network

Chiller

Slall 3 8 J giasall g8 g AR (A i) £ S0 g2 Ll
o) A & 55 48yl Bda Chiiller - disiaas aly
Water cooled chiller .\
Air cooled chiller .Y
;s Compressor I ¢ sil G Layi Chiller ) izl oty
Reciprocating chiller .\
Centrifugal chiller .¥
Screw or Rotary chiller .Y
Scroll chiller .¢
Absorbent Chiller = Chiller 3 (» gald ¢ 55 32 5
Chiller A daiaall cis pal) gl
Carrier .\
York .Y
Trane .Y
Daikin .
Hitachi .

Water Cooled Chiller Air cooled chiller

W e aladial olall (3 sk e Sl &y S oy T3 a pladiady o) sgd) (Bsh (8 Sl & 50 2Ty
(4 siia Jlaal) unlimited g 53 13 {(500TR 4 Jea adl) limited g 5! 14

. Jua e LAl G S dana

Sba a4 68 aa (lSa o A drd g oSa Aa gila dalua b g ) o dadagah

L8 A8 gty Adle Ay je< A8Ua Mty

L 4 0 addla o
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e Reciprocating chiller
o Advantages
1. Low initial cost.
2. Have a higher condensing temperature.
3. More suited for applicant where air cooled
condenser.
4. Suitable till 200 TR g8 Gk Yoo ha LA ulia
o Disadvantages
1. High noise.
2. High vibration
3. Need high level of maintenance

Reciprocating chillers have more moving parts than other chiller types.

e Rotary or Screw chillers
o Advantages
1. Available in capacities ranging from 20 to 200 TR.
2. More efficient than reciprocating chillers.
3. Less efficient than centrifugal chillers
4. Small size and light weight.
5. Less vibration.
o Disadvantages
1. High initial cost (for small cooling loads).
2. Screw chillers are the most expensive. Lk
3. The lubricating oil system is complex and consumes a lot of oil.
e Centrifugal chillers
o Advantages
1. Available in capacities ranging from 90 to 1000 TR.
2. Centrifugal chillers cost lower than screw chillers by 10 : 15 % @ the same operation
conditions.
3. Centrifugal chillers are the most efficient at peak
load.
o Disadvantages
1. High requirements for water quality. ...
2. The cost is high, many parts, vulnerable parts, high
maintenance costs.
. Low compression ratio and small single cooling
capacity.
4. Poor adjustment performance under a partial load of a single head, no stepless
adjustment.
5. Large weight index of unit refrigerating capacity.
e Scroll chillers
o Advantages
1. Simple structure, few parts, few wearing parts, and
long life.
. It is a stable, low load operation without “surge”
phenomenon.
. The compression ratio and EER value are high.
. Stepless regulation in the range of 10%~100%,
high efficiency under partial load and power
saving.
. Insensitive to wet stroke.
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o Disadvantages
1. The price is higher than the piston water chiller. Single capacity than centrifugal
water chiller small, low speed than centrifugal water chiller also.
2. The lubricating oil system is complex and consumes a lot of oil.
3. Large capacity unit noise than centrifugal water chiller high.
4. High machining and assembly accuracy are required.

Chiller components
Sladal) il o<a

The main chiller components are the Compressor, Condenser, Evaporator, Expansion Valve, Power
Panel, Controls unit and the Water Box.

Chillers can be found in most medium to large buildings and will produce the chilled water that is
used to provide air conditioning. There are many different types of chillers but essentially they all
have the same main components.

J2IEM J2SUIPUDY

CHILLER

Refrigerant < CONDENSER

EXPANSION
VALVE COMPRESSOR

EVAFPORATOR

Primary Supply

Compressor, Condenser, Evaporator, Expansion Valve, 4ale 4,55 43 ga Chiller ) &<
.Power Panel, Controls unit and the Water Box

OC 81 Aa il 8342k ol dda AT 512 °C 310a 43 shell and tube g5 (e a5 Jaaall ) slual) Jas
Le 6

S (e Jantd KA ) olpall JAS Cua (5 AT olaa 3803 23 53 water cooled chiller gsil 2

Chiller 3 &Y compressor ¢s S Ao s siad o oSaa b sl JS 9 4y 54303 O ST ¢y 5% Chiller ) Ll
.part load & Jex

b aSadia software ¢& bk & 9 daianl) 48 1l wa Je Microcomputer control 4 chiller Js

oAkl (Sl Cuyj B el oy gy Al Jaina i) o) gL ) Jia Chiller db Jhe Gigan ie 1) o g Jadal
yaa control panel aSadl) da ol L&LE JMA e (Sar 9 SENSOTS Ciluba (3i sk (e @l (....¢ olaal) 2ani
Jhall g 55

Leddla A Y1 Al ) Jilud) J5da ada e Jers solenoid valve b oe slal) 5 a da o B aSadl) oSa
BN 8 Jary compressor clubisll aai ¢ o<
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» Chillers types

Water cooled chiller

Design of chilled water system

Design requirements:

1. GPM (Flow rate).
2. Pipe size
3. Pressure drop of pump

1. GPM (chiller flow rate or pump flow rate).

Chiller 3V ¢sa s gally 3 jLall 33 yuall olsal) 4aS A @
o E.C.W.T : Entering Chilled Water temperature = 54 °F = 12 °C (for Egypt)
Chiller 3 ) Aa)al) 3 ) ad) 4a )
o L.C.W.T : Leaving Chilled Water Temperature = 44°F =6 °C
Chiller ) ¢ da A&l 5 all da 0 o
o AT = Temperature difference
Chiller 3 ¢ z.ssal g JsAa G La slaall 351 adl cila j3 52 o

AT = ECWT - LCWT =10°F or 6 °C
Q=m’C, AT A&l s

0

m” — water flowrate Q — load C, — heat transfer coefficient
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BTU
TR * 24 /hy
GPM = —=—  OR GPM = w0
> In EGYPT 1TR=24GPM @ AT =10 °F
> IN GULF @N‘djd 1TR=19GPM @ AT =12 °F

AT =10 °F sis (sla duaS) Golla ¥, ¢ ) glisg a8 ob Y IS o) ray

2. Pipe size (Chilled water piping design)

TR = £ 94l space JS1 gu il Jaad) Glua a2y
ldaaal) ) £ ga ) s FCU or AHU S ) g alilly CiasS3 g AT (A g clalhal) (e 83 paal) olsal) ASudi ans ol
AT =10 °F & 92.4 GPM () gling g b Y J8 ¢ Jbie) o s gall J303 GPM 1 a3 oy
ol gall ) Glad oY) (A MG Gl g Jal 98 B8 2 gy ¢ el gall paan U] paa o
vl g} JA13 oluall Aoy )
.5 FU/S dpulial) ds yuall 5 2:10 FU/S e be .95 (A 9 daalia sl gall J303 olsal) Ao 04985 o (&) 2
Pressure Drop s sall M4 Jaaial) 8 288
.4 ft /100 ft A dsulial) 4aidll 510 ft / 100 ft oo il B 880 45 Y o1
pipe material s sall 3aka
OS5 O (S 8 el olall ASudi B Aadiiiall ya) gall
, Galvanized steel (a
e osd JASY) @ 9 Seamless black steel (b
Al 5yl &, 3,30 Chilled water cycle is closed .

Summary:

. Water capacity through pipes =5 ft / sec

. Pressure drop through pipes =4 ft / 100 ft.
. Pipe material =3 seamless black steel

. Chilled water cycle is closed

PO Gkl gaaly e gall U] aaa (e

. Friction chart

. Friction table

. Pipe sizer software

. Pipe flow wizard software

1. Friction chart aas Al

30 <
20

: (b 288 (J1% dgua] 311 Ja ghadly
s 7V ":'/" 4 ‘ Ll
.'",‘ : 11 ) .gpm 2 Jia 48841 Ja gladl)

IS

A ¢

L

/ Jladll pradd) e Alilal) Jo gladlt)
REP R diameter 3 gulall jhd Jiai
W - N >‘ - ] Jiad el Sladdl (pe Alilall Ja A
7 : q .
IS AR 4 Mt Velocity 4 pdl
A Lol &k o ;é&é':‘ﬁtém SIZES3 gpm ) dsa slaay dday Al) JAaS
T L q 4 2 - ol ™ wed I3 -
7, a0 K d S A 7 Y TG ably O () aliesa (A8) o
2 34 6810 20 3040 608000 200 300400 6008001000 2000 3000 Akl L3 5 Ft/sec syl b
VOLUMETRIC FLOW RATE, gpm -7 g A
el I35 5 ) 33 o g

LS ) 3A oy plad s Le & ALY S 1Y) 54 Ft/100 ft o 2 Y o) 9 haidall B ki) 48

HEAD LOSS, ft/100 ft

Example:
GPM=3363d=1%" 3 F =06 ft/100ft
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2. Friction table J.glaal)

Aoy Al o sa 9h g Jgandl & aladia) dadlddl g g o)y Jgu) A8y k) A

Friction Loss - Schedule 40 Pipe
For Water at 60°F per 100 Feet of Pipe

Sioe %" 1" 1-1/4" 1-1/2" 2" 2-1/2"
| [\Velocity [ HeadlossFt | Velocity | HeadlossFest [ Velocity |  HeadlossFeet [ Velocity | HeadlossFest [ Velooity |  HeadlossFeet [ Velocity | Head loss Feet |

Feet
Per Steel | Plastic Ft Per Steel Plastic Ft Per Steel Plastic Ft Per Steel | Plastic Ft Per Steel Plastic | LPer
Sec. Sec. Sec. Sec. Sec. Sec.

1.20 1.93 1.04 0.80 0.60 0.32
2.40 6.94 3.74 1.50 2.14
3.60 14.70 7.95 2.20 4.54 2.45
4.80 25.00 13.50 3.00 7.78
6.00 37.80 20.40 3.70 11.70 6.32
7.20 53.00 28.60 4.50 16.40
9.00 80.00 43.30 5.60 24.80
10.80 112.00 60.50 6.70 34.70
12.00 136.00 73.50 7.40 42.10
9.30 63.60
11.10 89.20
13.00 119.00
14.90 152.00
16.70 189.00

Steel Plastic

Plastic Plastic Plastic Plastic Plastic Plastic

0.55
0.67
0.79
0.94
1.09
1.25
1.41
1.60
1.79
1.98
2.19
2.41
2.88
3.38
3.92
4.49
512
5.78
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Bl B guilal) Jlad o guanl) dliSay gpm A dzaglaa; o
3. Pipe Sizer Software

McQuay 4S8 ,d g &) G (Al gabig

B DesignTools PipeSizer Version 6.2 S
Exit Print About

|Sch 40 Steel | 50°F Water |

% - USgpm

Outside Diameter 0.84 Fluid density 62 411 Ibfi¢

Wall Thickness 0.109 . Fluid viscosity 31667 Ib/ft-h
Inside Diameter 0622 1 Specific Heat 1.002 Btu/lb*F
Inzide Area 0.304 . Energy factor H01.6 Btu/h*F-gpn
Crosz Section Area  0.2502 1

Section Modulus 0.04071 Fluid velocity 1.48 s
Moment of Inertia 0.7 i Reynolds Humber 5.436

Radiuz Gyration 0.2613 i Friction factor 0.03972

Weight of Pipe 0.851 Head Loss 2 602 mA100 Rt
Weight Pipe + Fluid 0.983 Elbow lozs 0.068 i

McQuay
[ AirConditioning |

WA W . MeQuay. com
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4. Pipe flow wizard

Chilled Water Aaliall sl alai : Cuald) SU)

I :!PiE Flow Wizard \iE' 2 www.pi.peaﬁ;\t.-co.uk .
. . os -

Registration Layout Help

Amdgi;wdl@.aﬂdﬁﬂ\ﬁ);d

e S (Al el

T T R

Wm0 BE#E e

| Triat version: License program at www.pipefow.couk |

Pipe details " Metic % imperial
Internal roughness Pipe material

Results (Find pressure)
Flow type

[ 0.001811 inch |steel

=
Internal diameter

0984 inch % dlam?l
Length

[—W ft énmel

Elevation change
[ 0000 ft |Rise |

Flow 3| Al
l

100000 [gpmUSA |

8|
91.500000
0.910000

Olive oil

Centistokes
Relative density

I Turbulent

Reynokd's number

I 3513

Friction factor
0.044

Fluid velocity

I 42189 fus

Pressure drop

Pipe details ¢ Wetric & Imperial

Internal roughness Pipe material

Results (Find flow)
Flow type

[ 0.001811  inch [steel
Wternal dameter

[—0-984 inch 0% dram?l
Length

] 50000 ft @ none

Elevation change
[ 0000 # |Rse |

Avaiable pressure

[ 73459% [thd  v|

[ caicuiate pressure drop |

= 48 8 s

[ 10000 [tthd v|
[onve oi &I it

91.500000
0.810000

Centistokes
Relative density

=]

I Lammnar

Reynold's number
114

Friction facter

e

Fluid velocity

I 1374 s
Flow ﬁ]
[ 32%6[gpmusa ]

) calculate flow I

= b8 8 s

Pipe details € Metric (% imperial

Internal roughness Pipe material

Resuits (Find diameter)
Flow type

[ 0.001811 inch |steel

=
Length

[ 32808 & @&oone|

Elevation change

[ 0000 f#t |Rise v|
Avaiable pressure

[ 10000 |ftha +|
Flow A]

[ 100000 [gpmusA v |

8

£1,500000
0.910000

] Olive oil

Centistokes
Relative density

[ Laminar

Reynoki's number

ez

Friction factor

| 0.039

Fluid velocity

| 9316 fUs

Win. internal pipe diameter

I 2094 inch

[ﬁ] Calculate pipe diameter |

= a8 8 s

Pipe details € Wetric ' Imperial

internal roughness Pipe material

Results (Find length)
Flow type

[ 0.001811 inch |steel

Internal dameter

| 2000 nch o5 diam?[ £ none |
Elevation change

| 0000 # |Rse |

Avaiable pressure

] 10.000 [n hd _:]

Flow l‘ A]
l

100000 [gpmusa v|

&l
91,500000
0.910000

|osve cil
Centistokes
Relative density

=}

|

Reynold’s number

e

Friction factor

pom——

Flud velocity

[—.ﬂls

Max. pipe length
ft

& calculate pipe length [

= d 8 8ls

Fittings losses:

Screw Fittings - equivalent length in feet

Equivalent length (in feet) of straight pipe for fittings like bends, returns, tees and valves. (Pipe size in

inches)

Eguivalent Length of Straight Pipe for Valwes and Fittings (feet)

Screwed Fittings

Pipe Size

114 | 38

1/2

3/4 1 1114

11/2

Elbows

23 | 31

Regular 90 deg

3.8

44 | 52 | 66

7.4

Long radius 80 deg | 1.5 | 2.0

2.2

23 | 27 | 32

3.4

0.3 | 0.5

Regular 45 deg

0.7

08 | 13 | 1.7

2.1

Tees

Line flow 08 | 1.2

1.7

24 | 32 | 46

5.6

Branch flow 24 | 35

4.2

53 | 66 | 87

9.9

Retum Bends

23 | 31

Regular 180 deg

3.8

44 | 52 | 66

7.4

Vales

Globe 21.0 | 220

220

24.0 |1 290 | 37.0

42.0

Gate 03] 05

0.6

07 1 08 | 11

1.2

Angle 12.8 | 15.0

15.0

15.0 | 17.0 | 18.0

18.0

Swing Check 7.2 | 7.3

8.0

B8 | 110|130

15.0

Strainer

4.6

5.0

66 | 7.7 | 180

20.0

Screw Fittings - equivalent length in metre

Equivalent length (in meter) of straight pipe for fittings like bends,

Equivalent Length of Straight Pipe for Valves and Fittings (m)

Screwed Fittings

Pipe Size

114 | 38

1/2

3/4 1 1114

11/2

Elbows

07 | 08

Regular 90 deg

1.1

1.3 | 16 | 20

2.3

Longradius 80 deg | 0.5 | 06

0.7

07108 | 10

1.0

01 | 0.2

Regular 45 deg

0.2

03 | 04 | 05

0.8

Tees

Line flow 02 | 0.4

0.5

07 | 1.0 | 14

1.7

Branch flow 07 | 1.1

1.3

16 | 20 | 27

3.0

Retum Bends

07 | 089

Regular 180 deg

1.1

1.3 | 16 | 20

2.3

Vales

Globe 64 | 6.7

6.7

7.3 | 88 | 113

12.8

Gate 0.1 0.1

0.2

02103 | 03

0.4

Angle 3.9 | 46

4.6

46 | 52 | 55

3.5

Swing Check 22 | 22

2.4

27 | 34 | 40

4.6

Strainer

1.4

1.5

20 ] 23 | 55

6.1

returns, tees and valves.
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Flanged Fittings - equivalent length in metre

Equivalent length (in meter) of straight pipe for fittings like bends, returns, tees and valves.

Equivalent Length of Straight Pipe for Vahles and Fittings (meter)
Pipe Size

2[4 [ 1 [117a[12] 2 [2172] 3
Regular 80 deg 03 |04 | 05|06 |07 08| 1113
Elbows Long radius @0 cdeg | 03 | 04 | 05 | 06 | 0.7 | 08 | 09 | 1.0
" Regular 45 deg 01| 02 |02 | 03| 04| 05| 06 | 0.8
Line flow 02 | 03 | 03 | 04 | 065 | 05 | 06 | 07
Branch flow 06 | 08 | 10| 13| 16 | 20 | 23 | 29
Regular 180cdeg | 03 | 04 | 05 | 06 | 07 | 09 | 1.1 | 1.3
Longradius 180deg | 0.2 | 04 | 065 | 06 | 07 | 08 | 09 | 1.0
Globe 116 | 12.2 16.5 | 18.0 235 | 287
Valves Gate 00 | 00| 00| 00| 00| 08| 0809
Angle 46 | 46 | 52 | 55 | 55 | 64 | 6.7 | 85

Flanged Fittings

Tees

Retum Bends

Pressure drop calculation

Pump head calculation

TR = g9 04all space J8 )l Jaad) Gl g

Aall layout sy al

A8l ¢a 838 08 A Friction losses ) 5 gpm I yaas oy
e gl jUad) ayas Ay

Asalll) iz gl head ) aad 2y

)

4th Floor

Return
Rsise

3rd Floor

2nd Floor

1st Floor

Ground

Agis AHU 5 FCU Jl 2l ) clidaal) (el gl Al (8 s Jsbil a3 oy @
.Ground a8 Jsall & FCU () Jiwal) 88 jlusa Jshal 0 2 ana sl (0 @
e Pressure drop = friction loss + Chiller cooling coil pressure drop + FCU (AHU) cooling coil
Pressure drop.
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o2 88l 4+ LS DA bl B S8 + ) gall AW Al Jsbl Pla il b S8dl = (pump head) kisal 8 addl)
FCU 5l AHU ¢S 5 s Slga JAT DA Jaial)

e Friction losses = [pipe length + fittings and valves equivalent length] AP/L
934 Al s cliiaal) Al ¢ Al 1) o 488Y) dBLuall ¢ ft a2l jucd gall A0 B Jluia Jsbi o4 :Pipe length e
L) 9 din bl A (V) (B
334 5 ulaall JJA g (... «Tee g1 5SY) clagll (e il & 384 :Fittings and equivalent length e
BN g gl o Alagll £ of caua 258N Jghia (e Wale Juani 5 AlSall Johally Lgie paai g jlwall Jsh e 3353 gall
e Chiller cooling coil pressure drop
(10:20 ft) 4 i gl g ISl (e dgle Juand SLadill (DA Jadal) & S84Y)
e FCU cooling coil pressure drop (assumed 4:6 ft z slisl ¢ i)
e AHU cooling coil pressure drop (assumed 6:10 ft z sl ¢sa )

e FEriction losses (Hiosses) = [Lpipe + Liittings + Lvaives]* (4 ft / 100 ft)

(Friction losses 4ft/100ft) Gl sa 331 (S1 g caad ¢ Jaiudall b 288 s a2 Voo IS ) Gl 138 5 (4 ft/ 100 ft)
friction chart alaaiul gpm 3 e e section J<

e Pressure drop (Pump head) in ft = Friction losses (ft) + AP)chiller + AP)anu (Fcu)
Safety factor 10 %

e Pump pressure=p*g*H

p = 1000 kg/m?®, g =9.81 m/sec?, H : pump head
gpm * Head (ft)
3960 x ef ficiency

.pipe flow wizard g alaiiul; i) 8 b gagdl a8y LS

pump horse power = * specific gravity

Flow Control Method

System balance

3 FCU clan gl a5 arg 8 el sbpall yasd gal) 483k anuy 9 TR b £ 5 4all space Jt ) adl daad) s a2y
Friction ) s g gl all Jeal) pa qulily Ly el gal) A& (e 5 32 JS Jala gpm s o space JS = AHU
gpm 21 dsasleay sl sal) U8 mass g friction chart ) gk ¢e losses
Al g aranail) s AHU 4l FCU #1 3w Jga JSI gpm 31 lasa g system balance aUaill ¢l 53 Jas (e &Y Laay
Flow control Jas s cua ddlaall ge samll ) Y1 8 3393 gall Gad¥l 9 FCU JS () slaall daS J 530 jlasal
.M\ e Z\-u"ﬂ‘ J‘JJ‘Y‘ L“,é d-g-u‘f\ Jleadl L;é slaall (o pailiiu
188 ks Flow control ) A

Direct return (balancing valve) .\

Reverse return .Y

1. Direct Return
By using balance valve

Balance
’ Valve
I o
I 4
L6 y y
I \

\—I
Return

Line

\
=

AHU sl FCU 333 JS gl = Balancing valve o8 (usas qus 55 ol 43, 4l oda & o
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AHU 3 FCU 8aa g1l (e da LA slsall gpm ) 35181 dlae gl i 4xde (waaa ¢ 3L Balancing valve 2
byl ddary o e b 9 daadia AS i (33 )b 8 £ g pidiall A3l B Jad Baa) 9 B e 45 s a3y Balancing valve S
Chan 13) W) QI day (lanall) 5 glaal) o34 (utas oy ¥ g 5an gl Lgaling £uaS i o 5 ulaall a3 g (aUBall 45 3) gall

A Eue aa gl ) ol g

i e il o dld 5 A e giuaal) 33a ol Le Supply A oasls gl )l bi e Balancing valve ) qus s al
Jreturn il Lo dada g diles aly AIM sypply A Bd e Jadal) ¢pa JB1 2l )

L i (Al ) gl U GG AT ey gl Cilida FCU Baa g (S o Jaial) Jah ) 68, Latie 48, jhal) o3 padids
LAY g (a0l

LOAD
(TYPICAL)
&, /

SOURCE

DIRECT RETURN

2. Reversed Return

-
3_;1.,' " = =

Line

.Balancing Valve aliiu ol ¥ 48 skl oda 3 o

Laladia) gle gadi JSY) A oY) A8y phal) g aladiu) daild @ 48, k) oda o

O iz 4 glacia Jlaal) g 4y glucia ] gal) jUadl ‘53 G bia il gall B Jaial) 386 ) oS Ladic 438, ylatlf o3a am °
a8 g (Al G Jla 4 gldia FCU @i g W 5 Jlaal) 8 4 gladia Slal) ¢ Jilaia symmetric ol
i) gall

LOAD
(TYPICAL)

@

SOURCE

REVERSE RETURN

el 1 gabiay anle ) glia ) gial Fpdl) Lol G [l o & gliay 438N A ()
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e Direct return & Reverse return piping systems

C E
]

#1‘ #2

D F
)

Reverse return piping Direct return piping
branch flows close to equal branch flows not equal

Part load control

daaS bl ) glind g dadli ja lSally #15g1 30 Al da a5 Full smsS Glall 50 Al Jeal) 068 Sl sy Alla 3 0
AHU sl FCU 3aa 3l Jaha .3 gpm
(Jaall lala ge it GPM AsaS ) gliad g Jai glsall 5 ) sl Jaal) e cd gl g sa 20y
Part load Qs & axiicg ¥ 3 AHU sl FCU 33a gl Laliai GPM 434S uail e 45 laa 2 Balancing valve &)
s Ol jhy part load ) Al 8 asadl) 2y oSt
By using 3 way control valve .\
By using 2 way control valve .Y
By using PICV .Y

3 Way Control Valve

FCU = 3way ) e @S S el

3 FCU 8asa sll aaf ) bad
Lial) dad oY iy AHU
3 way daf (e B pal di d e

‘ A valve S Supply ki e bkl
q Balance| . ,?M‘ e = "Aml-"
Valve URESCR RN 3way ) Guaa
— 0P Y 5 gl B psat o
Return J (e 4303 L Motor Gk
Const speed Line ASadl) i ga
pamp iy part load ) A 3
p— AAJ.AUA?SL\S\L.\LAMJAJAJJAA
AHU sl FCU 3aa g1l ) 33 Ll sbaall jlasa (3lay 2 83 3way ) gussally galdd) ) 66 gall ) 3 Ll u.kug‘\ﬁ)d\ 5la
.Chiller o 5,4 slaal) 352l AT jLal) peidy
.Constant speed pump 4s ) A5 daal) ¢ 685 3way ) cus 5 s
:3way ) (e e e 5 da g
(L £ il 7 A g Galdaa Mixing type .Y
(ELE ) aal g Jax g e Aw Diverting type .Y
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2 way control valve

FCU 2Way ) Guna qus 5 a1
3| FCU saagll aal A1 1ad e
5 hadll 3ay 01 ¢) AHU
pWay | -Aealdlli g sl b b
Valve | _sdiw Part load 41 s 2
Balance| %JJ "3 es;id\ Sl s 5 I
Valve | (ol 8L} dany 5 (lSall 5 )
p o8 (uaaally Laldd) | 66 gal)
gPM Axas il Gl el (3385
Variable Jhs Ji 320 g Jaad) a8 u.b
s B s o
= flow J) as) 5 s supply
ok pressure switch b (ubewa dldy uay g olbsall i (0 333 supply Y aa
Variable speed <is judl 3 yitia) dpalhall ) 3 L&) e supply 4 b3 e 448 3
Lo il (pump
JUae ) B S g e ) B e (585 2WaY I Gusna G 5 i Aaddiioial) 4sathall
ke paad) A5 Lalhal) pea 4 Rl
10l 51 Ada 32 9 2Way A puaa @
A slhaal) 1 jadl da o Juall Lade (33l 5 idl) & @ 00 22 53 ¥ ON-OFF type .
9558 JB1 98 9 0% Y + ¢ iy B ) ) Ao adi i Ladie 9 % ) ¢ v uaaall (31 a3y
/ / el |
(b ST 808 Ly oluall A ) g pay granas Ling o (3l g iy (3811 9 @idl) A 55 23 9 Modulating type . ¥

LY £ 5l e Al
Lalb aladin) ey ((Abuall 4 g — 5 jSial) JlaeY) — 4dle 48ICH) e e puad) 3 i Analhally Ailaial) JSLd) Gus
L Lallal) e py pass dlia g8 o e 2Way (usall g ds ) A4

FCU

2Way
Valve

Balance
Valve

RetULT

Const speed Line
pump

Pressure Independent Control Valve (PICV)

Jaila ) damtia Guisa
Al g guna B (uglae S g
ALY (ol (i La pany
2Way Control Valve .\
Double regulating valve (DRV) .Y
Differential pressure control valve (DPCV) .¥
145 Jraa (e
Reduce the number of valves .\
Reduces installation time .Y
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Flow-setting dial

Pressure test point Pressure test point

Orifice
R \\ | altered by
Plug and A Y W 7 {4 flow-limiting
seat of 2 device
two-port '
control
valve

Pressure tube Fixed spring

> Balancing valve

e The balance valve is designed for heat transfer
devices and units. By preventing a flow above the flow
rate for heat transfer, the valve, which makes the
system much more reliable, balanced and healthy
operation, allows the temperatures to reach comfort
conditions.

If the heat transfer device or units accepts the flow
above the designed flow at the heating and cooling
systems, it can increase the cost as a result of unstable
operation.

In order to prevent all this, you can choose balance
valve which will provide the cheapest temperature for

all units of heating and cooling systems.
,‘awg\jﬁ)d&&hﬁsausf#b; °
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> Double requlating valve

Chilled Water 4aBidll sbuall ol ; ualuall Sl ez 2l g Gadigall CnSill 3 ) 50

1. Function
Double regulating valves are pressure sensitive and they react to
pressure changes from the hot and cold water flowing into them. It
causes the valve to either open or closes a port, thus maintains a
pressure balance. Balancing this pressure between the two water
supplies keeps the temperature consistent.
Ol 59 0 98y Y Al 1300 (o Y
.gdail) anlat
(i) ada ¥

3. Benefits
During the situation of a sudden change in water, like the change
caused by a flushing toilet, a balance valve keeps the temperature

of the shower constant. This means that there will not be a sudden cessation in the flow of cold

water when a toilet flushes.

bz Al A gl) (a JiST iy Y 4D Ath g ABYE ) Al Ledis g dgmdagll ol o ) g audAT) puda gy A 5 ol sAdigala Lt

200 ¢ HEADER

,. 1/2" THK. LOAD BEARING
2N .~ WDODEN SUPPIRT (TYP)

S Y s bia Jeady g Ul Wole

HOOKUPS
Chiller hook up

FLOV SVITCH

PRESSURE GAGE
150 nn¢ FLEX. DUTLET
200 x 150 mn@ REDUCER

200 mnd CHILLER DUTLET

MOTORISED VALVE

| SPRING MOUNTING VIBRATION ISOLATOR

NS CHANEL SUPPORT

25 nn THK. HASTIC FILLING
BY OTHERS< S50 mn THK. CORK SHEET 1l

150 mn THK. CONCRETE BED

TYP. CHILLER CONNECTION DETAIL

Gate valve (Isolating valve) .\

.Chiller & zs a0 5 Jsdall bd o o 5 Llall Jlasi dis andiny J3e ol 3 (upna

4 ya Ay Flexible connection .Y

2

FIAN 5 Al o ¥ Lgte @S0 g aal gall (il 31 AY) (abialiaY addiod Eua

S Thermometer .Y
Ll 30 da s (b 8 axdiey g Chiller 2 g s Al 5 Jda o oS
Pressure gauge .¢
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obsal) s (uld b ariiug g Chiller U gz s Al 5 Jsaal bd o o)
sldas Strainer .

i) 9} (ha olpal) &5 B ardicd g Chiller A Jsaal bd e s i
4d.ai (waa Drain valve .

Adpall Jlas ) 2yl gall (1 slpall A b axdiey 9 Chiller U Jsaal bd o o
Balancing Valve (DRV) .

.Chiller & gpm Al 3.l Jara b e Jaay g Chiller U g s Al ba e o8
Flow switch .

ol gall B oliall by 392 5 a2 die Chiller J) Juad b addiag

AHU hook up

PILLOV TYPE FLEXIBLE CONNECTOR
REIN FORCED WITH STAINLESS STEEL
MNESH (TYPICAL)

BENDER TEST POINT FOR THERMOMETER.
BENDER TEST POINT FOR PRESSURE GAUGE.

2-WAY CONTROL VALVECFLANGE TYPE)

DYNANIC BALANCING VALVE ] AIR VENT.

VATER OUT oa— - T : ) ] water our
ISOLATING VALVE :
(BUTTERFLY VALVE)

BENDER TEST POINT FOR THERMOMETER.
AIR VENT.

WERIN— & H= — BT vareR

R 1
::m#l:;ﬁyvc.vi _ . 19 nm THICK RUBBER PAD
STRAINER T TE/ESMHTHTASTIEFING
$1/2° IRAIN VALVE WITH HOSE COUPLING
BY OTHERS

30 mn THK, CORK SHEET

—

—_ 150 mn THK. CONCRETE BED

TYPICAL DETAIL OF AHU CHILLED WATER PIPING CONNECTION .

Gate Valve or Isolating Valve .

Adall Juae o938 A8 (uana g) &) g3 punaa (1) 220
Flexible joint .

L) 3 35aY) e :QLAA.U LJA 34.«43 (V) 2=
Thermometer .

olaall B1a Al ulila (Y) 220
Pressure gauge .

Lolall bl (bl (V) 22
Strainer .

i) 9 (e olsal) AT J5A00 Jad Lo oliuaa
Drain Connection .

A Qe g Al Jlas aie slall iy pual p2iid
DRV or Balancing Valve .

AL gpm ) das hapial Baa gl £ ga 1 ol e aula gy
2Way or 3Way Valve .

Z9AN e 4 5 a% g part load A A & gpm ) Aas 8 asasll
Air Vent .

S 58 Qumd alaa
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Chiller Selection

» Number of chillers
Jbe diaa 13 4Y as) g Chiller ¢Sy AR B o Ll sae 0o adia e oY 08 JLY £ gudia o (B i Ll e e
JB o (7) aaad) 0 a0 (AL 5 Alashy aUadl) (8 gl 4y
S A clalad) ¥ saie aaaaS Ul g Jaaad) g (el Gua o ¢y oS baadally L) aie yaak e

1. 100 % stand By

s Bilay Chillers ) ¢ stand by gais oS aaal & Jhe Juan sf Euay Chillers 2 gais ¢S ¢ olina 132
Yo Vv A8 JalS £ g pdiall Jas A ) paial

Jars Laa2af (1000 TR) pga 2y JS 4w chillers (Y) 235 cuad B (1000 TR) 48 £ gudall ) a Jea gais o 1 Jla
Gsters agda () (shu 5 (500 TR) agsd 2a)s JS Chillers (¥) 23 quad sl cJary JAYE 2l g Jhaai 13 Aa stand by AY)
Jraadl aa UYL, LAY ailas 54 9aY) ailas g clddiuall Jia da al) S A ¢S 0a g stand by bl g ) paialy
Al 4y

2. 50 % stand By
Yo O+ dpud £ g pdall Jady chillers ) ¢ stand by gaie 09S adaal Jlaxi o8 Euas chillers ) s sdie ¢ 9$ ¢)f olina 138

Sl o8 g (Slery (250 TR) ageia ) g JS 4 chiller (Y) 22 quaia (500 TR) 4dS g g pdiall (51 adl Jaall gais ol ;Ui
A Al A 0 eS g il ANAICH 1A g Jlid £ g pdiall (e 0% O gdie abaa]

3. 65 % : 75 % Stand by
Yo Vo ) % Te duudy Jud g g pdiall sdie 58 aaaal B Jhe Juan ¢ Guag chillers 3 gdis & ¢S i olina 13
Jhaii 51 g (375 TR) pga 23l JS daw chiller (¥) 23 cuaia (1000 TR) 418 g diall 5l ad) Jaad) gaie o 1l
S £ g pdial) (ra % VO (Jlga gais abaal
: Chillers A gaiaal) jgdil
Carrier (a

York (b
Trane (c

Factors affect air cooled chiller selection from catalogue (Selection data required)
selection Jead &3 slhaall LI ay air cooled g9 ¢ chiller U JLES) Jas dis jlie¥) & 3478 Al Jal g2l
Ambient temperature .\
£ 5¢d) Gk oo chiller ) 8l CiiSal) cildla &y yi 2y Eua (f g iall age o o A o) gl Blua da s
A
~Leaving chilled water temperature (LWT) .Y
.7°C 5 44°F 058 W s CHILLER 1 (e g AN dis slaall 30 a 4 2
Total coil load (TR or Kw) .¥
(chiller 31 Aaw) (sl adl Jaadl)
Example:
Project in Cairo, ambient temperature 40 °C, cooling load = 250 TR = 875 Kw.
! 310 kw ¢ 14 cooling capacities ¢ 2aiw York g sUs 4 (@2 Giuda) York sl Carrier 48 & g sllis Jaxs
Selection Jasd (s & i g IS 4y B Adlida claw agd s YDAJ and YCAJ e 52 models sis 5 1480 kw

1 Jed Jads

YCAJ 44MR7
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YCAJ 55MR7

YCAJ 55ST7

YCAJ 65NS7

YCAJ 66ST9

YCAJ 76ST9

YCAJ 77XT9

YCAJ 77SU7

YCAJ87SU7

YCAJ 97AU7

YCAJ 98XU7

YCAJ 99XU7

YCAJ 99XW9

(ol B3 a3 40 °C = Ambient 3,1 4 3 dis

(88 Bl a3 7°C = LWT 5 08 da 0 2ie

9884 KW gl Jaa hay s YDAJ 765T9 5 9 Jaasall Lakaay cOOI g Jas 875 KW s (pshadll) adalds Akads
346 KW (=4S Jaa

kg 2k chiller 31 ¢y aal g Jaasalh 4aldll physical data ) s Jand
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PHYSICAL DATA - YDAIJ

Chilled Water 4aBiall sbuall aUas ; Gusluall QL)

degjjwﬁg.nﬂdﬁﬂ\ﬁ)jd

YDAJ

44MR7

55MR7

55ST7

65NS7

66ST9

76ST9

Compressor

Number of Refrigerant Circuits

4

4

4

4

4

4

System No.1 & 3

PC43-M

PC44-P

PC44-P

PC63-Q

PC63-Q

PC64-S

Model

System No.2 & 4

PC43-M

PC44-P

PC44-P

PC44-P

PC63-Q

PC63-Q

Number of Cylinders

A+4+4+4

A+4+4+4

A+4+4+4

6+6+4+4

6+6+6+6

6+6+6+6

Speed

1450

1450

1450

1450

1450

1450

Total Oil Capacity

45.6

45.6

45.6

45.6

45.6

45.6

Number of Capacity Steps

2+2+2+2

2+2+2+2

2+2+2+2

3+3+2+2

SRRSRHERAE

3+3+3+3

Cooling capacity step %

15-29-43

15-29-43

15-29-43

12-24-
35

10-20-29

11-21-30

-58-68-79
-89-100

-58-68-
79
-89-100

-58-68-
79
-89-100

-47-56-66
-74-83

-39-47-
55
-62-70-
77

-40-48-56
-63-71-78

-91-100

-85-92-
100

-86-93-
100

Power input step %

12-25-37

12-25-37

12-25-37

11-23-
33

-9-18-27

10-20-29

-50-62-75
-87-100

-50-62-
75
-87-100

-50-62-
75
-87-100

-43-54-61
-70-80

-37-45-
53
-60-68-
76

-38-46-54
-60-67-76

-90-100

-84-92-
100

-85-92-
100

Cooler

Cooler DXC Model

1408A

1608A

1608A

Number of Circuits

2

2

2

Water Capacity

254

300

300

Condenser

Number of Condenser Models

2

2

2

Face Area

23.6

23.6

23.6

Number of Tube Rows

4+3

4

4

Quantity

8

8

8

Power (each)

2.2

3.8

3.8

Standard Total Airflow

(950 rpm) Ext. Static Pressure

20

20

20

Power (each)

1.4

1.7

1.7

Slow Speed Total Airflow

(730 rpm) Ext. Static Pressure

Power (each)

High Pressure Total Airflow

(950 rpm)

Ext. Static Pressure

Heat recovery
Condenser

BPC Model

Quantity

Water Volume

Refrigerant
Charge

Standard Chiller

Heat Recovery

Weight

Shipping

Aluminium Fins .
Operating

Shipping

Copper Fins
PP Operating

Additional for Heat Recovery

Dimensions
Cooling Only
Units

Length

Width

Height

Dimensions
Heat
Recovery
Units

Length

Width

Height

PHYSICAL DATA - YDAJ (Continued)

TABLE 12

YDAJ

77XT9

87SU7

97AU7

98XU7

99XU7

99XW9

Number of Refrigerant Circuits

4

4

4

4

4

4

Model System No. 1 & 3

PC64-S

PC83-S

PC84-T

PC84-T

PC84-T

PC84-T

System No. 2 &4

PC64-S

PC64-S

PC64-S

PC83-S

PC84-T

JS84-T

Compressor

Number of Cylinders

6+6+6+6

8+8+6+6

8+8+6+6

8+8+8+8

8+8+8+8

8+8+8+8

Speed

1450

1450

1450

1450

1450

1450

Total Oil Capacity

45.6

45.6

45.6

45.6

45.6

45.6

Number of Capacity Steps

SHSiE8ES

4+4+3+3

4+4+3+3

4+4+4+4

4+4+4+4

4+4+4+4

10-20-29

8-16-23

9-17-25

8-16-23

8-16-23

8-16-23

Cooling capacity step %

-39-47-55

-31-40-49

-33-41-49

-31-38-45

-31-38-45

-31-38-45

-62-70-77
5852925

-55-61-68
-75-80-86

-55-62-69
-76-81-87

-51-58-64
-70-75-80

-51-58-64
-70-75-80

-51-58-64
-70-75-80
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-93-100

-93-100

-85-91 -85-91 -85-91

-95-100 -95-100 -95-100

Power input step %

-9-18-27

7-15-20

8-15-21

7-15-20 7-15-20 7-15-20

-37-45-53

-26-34-43

-28-36-44

-26-32-39 | -26-32-39 | -26-32-39

-60-68-76
-84-92-

-49-56-63
-71-78-85

-51-58-64
-71-78-86

-44-49-55
-62-67-73

-44-49-55
-62-67-73

-44-49-55
-62-67-73

-92-100

-93-100

-80-88 -80-88 -80-88

-94-100 -94-100 -94-100

Cooler

Cooler DXC Model

1608A

1808A

2008A 2008A 2008A

Number of Circuits

2

2

2 2 2

Water Capacity

300

350

410 410 410

Number of Condenser Modules

4

4

4 4 4

Condenser

Face Area

47.2

47.2

47.2 47.2 47.2

Number of Tube Rows

3

3

3 3 4

Quantity

16

16

16 16 16

Standard Power (each)

2.2

2.2

2.2 2.2 3.8

Total Airflow
(950 rpm)

Ext. Static Pressure

Slow Speed Power (each)

Total Airflow

(730 rpm) -
Ext. Static Pressure

High Pressure Power (each)

Total Airflow
(950 rpm)

Ext. Static Pressure

Heat recovery

BPC Model

Condenser

Quantity

Water Volume

Refrigerant

Standard Chiller

Charge

Heat Recovery

Aluminium Fins Shipping

Operating

Weight

Copper Fins Shipping

Operating

Additional for Heat Recovery

Dimensions

Length

Cooling Only

Units

Width

Height

Dimensions

Length

Heat Recovery

Units

Width

Height

o \Weight

Weight

Aluminium Fins Shipping

Operating

kg
kg

7730

7870

8340

8240 9010 9150

8000

8140

8640

8490 9310 9450

Copper Fins Shipping

Operating

kg
kg

8650

8790

9500

9280 10170 10310

8920

9060

9800

9530 10470 10610

Additional for Heat Recovery

kg

780

780

780

1040 1040 1040

Jary 98 5 03l Operating s < sie 8 9 05! Wlza Shipping e

e Dimensions

Dimensions
Cooling Only
Units

Length

Width

Height

mm
mm
mm

5950

2315

5950

2315

5950

2315

5950 5950 5950

2315 2315 2315

2410

5410

2410

2410 2410 2410

power.l\;\é)ue.g.d\@L@ig%ﬁﬂ!ﬁ&@é@hﬂdﬂ&ﬂ\wﬁgd\Q.a;.dhlgﬁdhfi\Jojj\;\éJu@g_d\QA o
Al Jars ol gl (udiga a g8y da (2 <D Jaad)
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e Electrical Data

Maximum Running Maximum Running Starting Amps
Power (kW) Amps (A) (A)
Item 1 2 3 4 5 6 7 8 9
Unit Size YCAJ Total YDAJ Total Single System System Part Star / Delta Total Unit Single
Unit Unit Electrical 1 2 Winding kw Electrical
Input (YCAJ) (YCAJ) Input Amps

28& 4
(YDAJ)

101

127

127
127
156
156
188
186
186
188
205

10
Amps Per
System

11

Total Unit
kw

12
Single
Electrical
Input Amps

13
Amps Per
System

1& 3

(YDAJ)
101
127
127
151
156
188
188
186
202
230
235

44 MR7
55 MR7
55 ST7
65 NS7
66 ST9
76 ST9
77 XT9
77 SU7
87 SU7
97 AU7
98 XU7

124
160
160
167
185
206
227
213
226
249
248

248
320
320
334
370
412
454
426
452
498
496

202
254
254
279
312
344
376
372
388
418
440

283
356
356
482
482
578
578
578
578
725
725

147

161
161
218
218
260
260
260
260
320
320

8(16)
8(16)
8(16) 11 5.5
8(16) 11 5.5
1(2) 6 3
1(2) 6 3
1(2) 6 3
15(30) 22 11
15(30) 22 11
15(30) 22 11
15(30) 22 11
99 XU7 265 530 470 235 235 725 320 15(30) 22 11 6(12) 15
99 XW9 292 584 476 238 238 725 320 2(4) 11 5.5 17(34) 25

pump head 4duaall clibua Jaad chiller 4 cooling coil 2l ile JYA pressure drop - 48 e Ly agadl (s
Fig 9 (faie 3aiui () © dadea) G.57 4ada 0

11
11

5.5
55

3(6)
3(6)
3(6)
3(6)

8.5(17)

8.5(17)

8.5(17)
6(12)
6(12)
6(12)
6(12)

7
7
7
7

15
15
15
15
15
15
15

WATER PRESSURE DROPS -
sball 30a3l) Jaxa 92 Flow rate

Yo gou & gchiller d) da
YV,Ae = gpm'& e =Y, ¢ %
L/Sec

JS Jgan aaniu Asiall Jiud
Line jay 4 Juase

e YDAJ76ST933LineC
Line &2 37.85 L/s ki adalss
pressure drop 4«8 ks C

100 kpa Lu i
P=pgh,h=10m=33ft

Coolers (Figure 9) Heat Recovery Condensers (Figure 10)

100
80

200 o

100
o B

i i

60
50

40

60 =t
50

40 by

30

20

30

PRESSURE DROP kPa

PRESSURE DROP kPa

HEE
H
3 4

i
56 8§ 10
FLOW RATE I/s °

10 20 30

FLOW RATE I/s

Models
YCAJ 44MR7

Models
YDAJ 44MR7

Line

Models
YCAJ/YDAJ 44MR7

>
>

YCAJ 55MR7

YDAJ 55MR7

YCAJ 55ST7

YDAJ 55ST7

YCAJ 65NS7

YDAJ 65NS7

YCAJ 66ST9

YDAJ 66ST9

YCAJ 76ST9

YDAJ 76ST9

YCAJ 77XT9

YDAJ 77XT9

YCAJ 77SU7

YDAJ 87SU7

YCAJ 87SU7

YDAJ 97AU7

YCAJ 97AU7

YDAJ 98XU7

YCAJ 98XU7

YDAJ 99XU7

YCAJ 99XU7
YCAJ 99XW9

m mm ooom oOoo|w O|>

YDAJ 99XW9

mim molo|m{ O|l0O|® O| >

YCAJ/YDAJ 55MR7

YCAJ/YDAJ 55ST7

YCAJ/YDAJ 65NS7

YCAJ/YDAJ 66ST9

YCAJ/YDAJ 76ST9

YCAJ/YDAJ 77XT9

YCAJ 77SU7

YCAJ 87SU7

YCAJ 97AU7

YCAJ/YDAJ 98XU7

YCAJ/YDAJ 99XU7

YCAJ 99XW9

—l ||| d]n|o|n|lo|v]ololo

skl g chiller 1 ¢ Alua Sa) g dgury g chillers ) O A8lua Al 5 uS ) cilalst dain G.66 dada (e o

%

1.5 m (Models YCAJ 44MR7 - 77XT9)

A =2 m (Models YCAJ 77SU7 - 99XW9)

1.5 m (Models YCAJ 44MR7 - 77XT9) 2 m (Models YCAJ 77SU7 - 99XW9)

2.5 m (Models YCAJ 44MR7 - 77XT9) 3 m (Models YCAJ 77SU7 - 99XW9)

97

KLY
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https:/bit.ly/333FQWH A bl i o ks gz SIS (pa A o J gusaal

Cooling Tower
Ll ) ol

Adle BpliSy g agana o (B il sl &y e Jaad 4y 51 e cabia Ge B ke 3 7))
il £lally 33 yaal) LSRN pa 2 5l 771 il podieds
AgluadS) dry CACS Jages S atdiiesal) plall 3 ) o da 2
J— | LAY e B gREAY A ) jad) dBUAY)
SELZCHNGE, 13000 ) o380
Al g IS el il ) cilBpdatl) A andiuy |
slall (pa B S 4gaS zliad dua 500 TR (s
L5080 & il
g sl (ol ) Al B pkid
ELlM?m?ORs . CJ‘ .\J,d\
DISTRIBUTION il g il gSa
. Juall 2 gliall zlall gf maall ¢ sbody awall |
== AN ) el sa g e and slouver dusgs cilatd Y
g
JA3 ) o) o) @an o Jaat iFan da g e,
' cooLe Q\# S f«b@-“ O La éJ\Jﬂ\ dél.iﬂ‘fiuafd GJ,\S\
JAdadludial) sluall
o) oA ) 8 sed) LS pa el a8 Al slae il ka7 g A adal s Eliminators 33,4 adlsa
o A8 e bladial 13, Add e olual) (g 0 85 :NOZZ]ES ldiLdi )
1o 3Lt Aligh B S dpadans Aol il 65 ok o 33, ) Wgale el (A olall a9l e Jead :Packing .
ol ds
o geaie dal dal g0 plana o g giny g Alaluial) olpall 4 pandy Cua @l Jiad (2 0680 17 ) G29a Basin .
Llall 7 g A Al slivas Lyl g oluall
sl 7 0 Jas 5 S8 o
e g mia JSE £ 5 5 ASY) (e 2l 7 ) JA g KA e g A ALY plad) fuda Ay Adiiaa aladiiuly
#1560 i ozl Ao da g el Jaad Gua adadlud o U] plall (e £ 3o A Aol i) Ales a0 g <l yha IS
o) obsall BBl g agin (5 ) s Jals G g AdaBludial) slall JiES g JouVET o ad duila clatd (k¢ A JAY
Jiall 7 ) (2
sCpand ) B0 al) A1) ) ARy sk Cua (e ) ) ol aedii @
Open cooling towers .\
Closed cooling towers .Y
rimand ) ) sgd) Jgda A8y sl Cua a3l )l aedii o
Nature draft cooling towers .\
Mechanical draft cooling towers .Y
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1. Open & Closed cooling tower

OPEN TOWER CLOSED LOOP TOWER

Hot Water |
&m‘m§— ’w n "“"s‘,’iil’n‘!’"““ Heat Exchanger ’.in, ‘ ‘ ‘

Warm Air Out

Wat
Distribution Q00 O &
System

Fluid Out

Coil

AL L L)

Fluid In

Cold Water Basin 'af Rir In » ATER -

() Z Combined » o
Inlet Shields :\’
Combined

s Inlet A\
‘ Fill Surface Shields J

Cooled Water Out

®

Fill Surface  Spray Pump

2. Classification of cooling tower

Fan Type
Natural Draft Forced Draft Induced Draft

Counter Flow

Closed Circuit Open Circuit
B S,

»
AN et
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Cooling tower selection

) gl LA (e i JieY) (B M A Jal ) 8
. EWT : Entering Water Temperature = 95 °F = 35 °C
(AT ©) san A LIE A 5 Jsaal) die olaal) 5l sa Ay
. LWT : Leaving Water Temperature = 85 °F = 30 °C
(T ) raa B WS A 520N 7 Oe g oA Bl A2
. WBT : Wet Bulb Temperature =24 °C
(aY £) 3N A LIS A gluadll ol st Ak ) 5 ) al) 4y 0
Gash 08 3l Giany Gua 3y ) @ s JA AN slall S B gl oY) AT o) sl Ada 1 851 ad) Ayl Al
DA s S A5 Ay ) elall Jgatid NOZZIes ) (re dadll) 3 ) sluall il ad AL £ 5¢d) (uadly Ladis il
B3l i plall) ae ASALG) slral) ) plall &y Giaad

e Cooling tower water flow = 3 gpm/TR
.500 * 3 =1500 gpm W8 & il 7 A olia gpm dxaS gliaia 500 TR sl chiller ) daw gais ol aay
e Temperature range = EWT - LWT

Temp range (o g5 AN 5 Jsaal die olwall 3 ) jad) cila o (38

Temperature approach = LWT - WBT
APProach (rams daba )l #1530 o da 3 9 slaall S48 851 a daa Cp La Bl sl cila o (34

Nominal load (kw) = mey Cpw ATw
Nominal load (kw) = Flow rate (L/S) * 4.186 * Temp range 25 s skl ¢ya 53 ghial) 51 jad) 418
Actual load (kw) = nominal load (kw) * capacity factor

Example:

Chiller capacity =500 TR

Wet bulb temperature = 34 °C (Cairo)

EWT =35°C

LWT =30°C

Water flow rate = 3 * 500 = 1500 gpm = 31.5 L/Sec

1 AUIS Jgaad aad JUall Juw Ao Evapco AT 48 gz gllis Ja

EWT | 32 36 32 | 36 32 36 32 37 | 35 40 | 35 40 35 37 40 42 36 37 41
MODEL NO. LWT 27 26 27 26 27 26 27 27 | 30 30 | 30 30 30 32 30 32 31 32 31
WB 19 19 20 | 20 21 21 22 22 | 24 24 | 25 25 26 26 26 26 27 27 27
AT/UAT 19-56 32 18 29 16 26 14 23 15 31 20 27 18 24 34 16 22 25 30 17
AT/UAT 19-66 34 20 32 | 18 29 16 25 17 | 33 22 | 30 20 26 36 18 | 24 27 33 19
AT/UAT 19-76 37 23 35 | 21 32 19 28 20 | 36 25 | 33 23 29 39 20 | 27 30 36 21
AT/UAT 19-86 40 25 37 | 23 34 21 31 22 | 39 27 | 35 25 31 42 22 30 33 38 23
AT/UAT 19-96 45 28 42 | 27 39 24 35 25 | 44 31 | 40 29 35 47 26 | 34 37 43 27
AT/UAT 19-28 39 22 36 | 20 32 17 28 18 | a7 24 | 34 22 29 41 19 | 27 30 37 20
AT/UAT 19-38 42 24 39 21 35 19 31 20 40 26 36 24 31 44 21 30 33 40 22
AT/UAT 19-48 44 26 41 23 37 21 33 22 43 28 39 26 34 47 23 32 35 42 24
AT/UAT 19-58 45 27 42 25 38 22 34 23 43 30 39 27 34 47 24 33 36 43 25
AT/UAT 19-68 48 29 45 | 27 41 24 37 25 | 46 32 | & 30 37 50 26 | 35 39 46 28
AT/UAT 19-78 49 31 46 | 29 42 26 38 27 | 48 34 | 43 31 39 52 28 | 37 40 47 30
AT/UAT 19-88 52 | 32 49 | 30 45 | 27 | 40 | 28 | 50 35 | 46 33 | 4 | 55 29 | 39 | 43 | 50 31
AT/UAT 19-98 54 34 51 | 32 47 29 42 31 | 53 37 | 48 35 43 57 31 | 41 44 52 33
AT/UAT 26-517 64 36 59 32 53 29 47 30 61 40 55 36 48 67 32 45 50 61 33
AT/UAT 26-617 69 40 64 | 36 58 32 51 34 | 67 44 | 60 40 52 73 35 | 49 55 66 37
AT/UAT 26-717 74 45 69 42 64 37 57 39 72 50 66 46 58 78 41 55) 60 72 43
AT/UAT 26-817 80 50 75 | 46 69 41 62 43 | 78 54 | 71 50 63 85 45 | 60 66 77 47
AT/UAT 26-917 90 57 84 | 53 78 49 70 51 | 87 62 | 80 58 71 95 52 68 74 87 55
ATIUAT 28-217 78 43 72 | 39 65 35 57 37 | 75 49 | 67 44 58 82 38 | 55 61 74 41
AT/UAT 28-317 83 | 47 77 | 43 70 | 38 | 62 | 40 | 80 53 | 72 48 | 63 | 88 42 | 59 | 66 | 80 45
AT/UAT 28-417 89 51 82 | a7 75 41 66 44 | 86 57 | 77 52 67 94 46 | 63 71 85 48
AT/UAT 28-517 89 54 83 49 76 44 68 47 86 59 78 54 69 94 48 66 72 86 51
AT/UAT 28-617 96 58 89 54 82 48 73 51 93 64 84 59 74 53 71 78 92 55
AT/UAT 28-717 98 | 62 92 | 58 84 | 53 | 76 | 55 | 9% 67 | 87 63 | 17 57 | 74 | 80 | 94 59
AT/UAT 28-817 65 97 60 89 54 80 57 71 92 65 82 59 78 85 61
AT/UAT 28-917 69 64 93 59 84 61 75 96 69 85 63 82 89 66
AT/UAT 212-59 36 59 32 53 29 47 30 40 55 36 48 32 45 50 33
AT/UAT 212-69 40 64 | 36 58 | 32 | 51 | 34 44 | 60 40 | % 35 | 49 | 55 37
AT/UAT 212-79 45 69 | 42 64 37 57 39 50 | 66 46 58 41 55 60 43
AT/UAT 212-89 50 75 46 69 41 62 43 54 71 50 63 45 60 66 47

AT/UAT 212-99 57 84 53 78 49 70 51 62 80 58 71 52 68 74 55
AT/UAT 215-29 43 72 39 65 85! 57 37 49 67 44 58 38 55 61 41
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AT/UAT 215-39

72 88 80 45

AT/UAT 215-49

77 94 85 48

AT/UAT 215-59

78 94 86 51

AT/UAT 215-69

84 101 92 55

ATIUAT 215-79

87 103 94 59

AT/UAT 215-89

92 110 100 61

ATIUAT 215-99

96 114 105 66

AT/UAT 110-112

73 88 80 47

AT/UAT 110-212

78 94 86 50

AT/UAT 110-312

80 95 87 52

AT/UAT 110-412

82 98 90 52

AT/UAT 110-512

85 101 92 56

AT/UAT 110-612

87 103 94 59

AT/UAT 110-712

89 106 97 59

AT/UAT 110-812

91 108 99 62

AT/UAT 110-912

95 104 65

AT/UAT 110-118

95 117 106 58

AT/UAT 110-218

98 117 107 66

AT/UAT 110-318

104 125 114 67

AT/UAT 110-418

108 131 119 67

AT/UAT 110-518

112 134 122 72

AT/UAT 110-618

118 104 141 128 77

AT/UAT 110-718

121 108 144 103 132 83

AT/UAT 110-818

128 113 153 108 140 85

AT/UAT 110-918

103 132 118 157 112 144 90

Ul Jglaa e capacity factor guaswai!) Jules st approach & Range ) 4 slaa

(¥ 4adia) AT16 — 66 s Jsagall z lis e
AT16 — 66 Jid salls Aalddl M) 5 data I Ao Juass 7 LS (e € € dadia e
https:/bit.ly/3KYVKwy : i Jayl ) Il z IS (e ddid e J guaall

1S LAY Al o AY) il S g b

.L/sec = Flow rate <bws; a sii Chiller 4 daw 43 slaay |\
EWT, LWT, WBT 4xslaa Temp approach <bwa s Temp range obeas aséi
.Nominal load 4} <t |

Y
¢
°
‘

Actual load i Nominal load s zmaail) Jalas 4 glaay
e gall LS 7 ISl Aday A Je JaxS Actual & flow Rate 2 4 glaay

Expansion Tank

) ) A

squs Al Glsa
bl Cau a5 38 pall Ciusil) aUST L8 A4S 5 Al Cpma adan e IR g8 addl) G) A
;M\Aﬁu!g}asﬁm\

Laa g (lidals g Al

Al B (el (dy gay il () A a gy el gal) AS0d (e Jeakage el Gigas Alla B

slaall 23 (3l die chiller ) i g xie 3 ) jad) Ay 3 adl 5) saed gall A4S0l JA13 olall 3 ) o dp 3 gL ) dic Y
Ay ey Eua a3l GI3A qus 5 oy Jaidal) 8345 08 AU sl gally cracks ¢ ook Gigas adal g sl gall Ja

A0 oleall
Open expansion tank .\
(A gl o gida 098 v
(e Gsa (B Agalhal) Gaw o AuS ol v
i) Aol @sd chiller 31 s Aduzaal) cls 1) Ags 5 oy v/
AR Al e 43 g o JAY £ ) ae A jlally (ddia b s v
Closed expansion tank .Y
AL Ja gaa o uiﬁ Qs\gﬁ&) v
bl Gau e 4ug 5ok v
S AY 1Y e Lalading g 1o gud SV v
Diaphragm expansion tank .¥
Sl g b ghdaall o) ggd) (s ba Jualy () pa sLdS o (5 580y Vv
o) S e MYV
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o ———

winboiler

Open Expansion Tank Closed Expansion Tank

> Expansion tank sizing il &l A asa clwa
e For closed tanks (from Ashrae)
V,
[(V—1 ~1)|-3aar

P, P,
P, P,

Ve= Vg

Where:

Vi = volume of expansion tank (m®) & Vs = expansion of water in systems (m®)

T1 = lower temp °C & T2 = higher temp & Pa = atmospheric pressure (KPa)

P1 = pressure at T1 (KPa) & P2 = pressure at T2 (KPa)

vi= specific volume of water at T1 (m®/kg) & v2= specific volume of water at T2 (m®kg)
o = linear coefficient of thermal expansion [m/(m.k)]

a for steel = 11.7 * 10 ° m/m.k & a for Copper = 17.1 * 10 °® m/m.k

AT =(T:1-T2) K

e [For open tanks

V,
V, = 2V (2 — 1) — 3 @ AT]
Vi

e For diaphragm tank

[(K—i— J1-3aar

Vt - VS Pl
1-Pp)

He e iaal y \J@Jm\ °
Taco .\
Damfos .Y
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PUMPS <liizaal

\2 v
[ Rotodynamic ] [+Ve displacement 1

— 1
w “ M lReciBricaﬁni‘ ‘ R":“'ﬁ \

e Classification according to application
1. Lifting pumps
slaally 4y3al) alad b daadicial) Jia ad  ciliiaa
2. Circulation pump
i) Aali] 8 daddioial) Jia g Ciliua
3. Boosting pump
&S 8 Jad Gl

Centrifugal pumps 43S sl 33 Ul ciliaal)
1l e (e adali Lal I g 5o ad) g auall g CinSal) i 8 Laladia) g le gl ASY) cliizaall A
ppanaill g oSl g quS Al dalegy |
L g 9 Adbal) LSS (2lBA)
il 59+ Adle Belds |
Jaddl) Ae el gl ngﬁuauali&\ .
A paeal) S A Al B Lgra olall (o BT
Ladl) 2 ad ) |

Axial

Radial GRail) olad) dua (e cilaall) 3>

Mixed

3 A dua fpa laialll

Multiple stage

Single stage
(—)[ No. of stages ]—{ ‘ dalsal) e Sua e idiall) >

Closed Impeller
Centrifugal pump . ( open Impeller ) Impeller >
\—>[ Impeller

Semi-open Impeller

-

Single Volute Casing
\—>[ Casing > o

Double Volute Casing

4 N

Forward blades

Backward blades Aualdd) g “*‘_CJ‘ At )
\—>[Impeller blades \ ) impeller =
Radial blades

103
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1511 3gae e coupling ) dua (e civiall) >
Closed coupling .\
iy Y asaa sla A coupling ) e sgisall
Long coupling .Y
i 988 coupling ) Y o s (Say ) g gall
slad Cplad cpe o3 ) andii 43S al) 33 Ual) cilidaal) 3
a9 olad) & 3kl g cad) Inline pumps .
Ade gagas 3l g Asalal) ) gaal (55 e olad) & B8 ciad) End suction pump .Y
@F =50 Hz 4aaal) &) 93 ds s >
2950 rpm (a
oea aaa )
e Cga,
il o) ) jas g ) Dla
Al Jusi b adiad |
1450 rpm (b
oS aaa Y
S s,
Jush ) ) e g B 3—'@3 .
all g sl Jas | JPLIPXEC

> Performance curves of pumps

BEP - Best Efficiency Point
The flow at which the pump
operates at the highest or

optimum efficiency for a given

Peak effici‘encv point impeller diameter

Head Curve
Feet of head for a given
flow rate

[N
o
o

e

0
o

v
1
I
I
I
1

-
Q
2
-1
40 5
vk
®]
4 5

(o2}
o

N
o

Head, ft and Pump efficiency, %

Efficiency
Pump efficiency for a given 0
flow rate 0 & 9 12

Capacity Q, thousands of gpm

» Pump arrangements
a) Series (A&

P3 >

U Flow rate g Head J) 8205 qsllae (9% Ladic o
b) Parallel ¢J)s
a <l Head s Flow rate ) 8L qislhaa (58 Ladic o
-

2




Cavitation «agsill
5 ¢ A A ) Jeayl ddaiids (aldid) Guuy Jilad) JAG dadl cliulaall JaNa Jilud) 8 ¢l ga clolld 045 Al A e
Adaal glal g jee 9 BpUS (e JIE 5 <) JA) Gaand g Addaal) ame 9 Gl B AT Gl g e Lgd (58 cile LAY ola
e Net positive suction head (NPSH)
Divided into NPSH)available and NPSH)required , t0 prevent cavitation it must be
NPSH)availabie > NPSH)required
sl g S ¢ Ay dualid) Aailly AU g Al Jaae s Ggllaal) ial) Jid NPSH)required
AB3ad) (e gl a1y g Aduaal) Jie die (dndl) Teiual) Jiad NPSH)availabe
NPSH)available = Hatm — Hs— Hf - Hy

&

HESITEN
.10.2 m = sl bl Jiad Ham (a
Al Jilud) o (5 gia g Adilaall (s giaa (o Le o) caila e il S0 g WY aH (b
Sl cad) bd e lsiay) dail bl b S84l ded 4 Hy (C
1A Jgand) (e ABlAL B ) ja el o die A bl o Jganl) 4y g dally Jiludl g AL kil s H, (d
T (°C) P (bar) H (m)
20 0.0233 0.233
30 0.0424 0.424
40 0.0737 0.737
50 0.123 1.23

e Radial centrifugal pump

Discharge — Thrust | Shaft Key |

Nozzle : Bearin:

Centerline
Mounted
Support

Bearing
Housing

| Sight Glass |

| Suction Nozzle }

| Impeller ] Mechanical

Seal

e Axial centrifugal pump

Af?




osed couple single stage

» Pump hook up

SUCTION DISCHARGE

A
v

DOUBLE REGULATING

SILENT CHECK VALVE
RELIEF VALVE

GATE VALVE

PRESSURE GAUGE FLEXIBLE CONNECTION

Y—STRAINER

ECCENTRIC REDUCER CONCENTRIC REDUCER

MIN. OF
5 PIPE DIA.

LONG RADIUS
ELBOW

PIPE SUPPORT
(WELD TO ELBOW)

FINISHED
FLOOR

CONCRETE

SLAB 3/4" BLOW—OFF VALVE
(CONNECT TO DRAIN)

5/16” THICK NEOPRENE PAD OF CROSS—RIBBED REINFORCED CONCRETE BASE
CONSTRUCTION INSTALLED UNDER COMPLETE
BASE OF PUMP

Adlal) Jlas i a g3 dsalhall 3 hal) g cand) bd e 4l g puesa :Gate valve .
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olaall uial) 34 adal aadiivg 4allall 3 jhl) b3 e £ g2 ate (ueaa :Check valve .

Aallall ajhl) g ) i e kil (B dlae :Pressure gauge .

o) 3l (e 31 Y GabiaiaY adiiud g dpallall okl g uaiall bid e oS 5 4 e 4ua g :Flexible connection .

ol gl Cya olall 435 o g 3 Agallall cond Jad e oS 53 oliuaa :Straiiner .

Agalbll gpm ) 4gaS Japa & aadiey g dzalhall 34k A e oS5 :Balancing valve or double regulating .

i o 44 g8 g air gap g adal dgallall Jada e eccentric g5 ¢» o slwa :Eccentric reducer .
.cavitation &g adal el

Agallall 0 jlal) i e 5 3S s i sbaa :Concentric reducer .

» Primary & Secondary pumps

&«

H

Primary pumps Secondary pumps

{ <
9 sl gall (& Mo Friction osses g 14 8 suad sall J) ghal 95 Lalanadl (5 80 Jia an dadial) g Liiall B o
Ao gana aladiia oty ¥ g (S s < L Lasa) S chillers 33 9 gpm ) ¢re 5_mS CilaS g sl gall § S jUa
slad g cilallal) (e (S gana aladiia) oy (ST g Baa) g cilalks
Primary pumps .\
G3Ss g chillers ) (s zones b s gal) A8l (e slsal) i (& A giesa (1985 g Chiillers ) g g 5 oty
s Sl Lgale £ 3ga S £ ) sdiall gpm ) GsSi 5 Y + chillers ) s = L
Secondary pumps .

9hid syupply 41 ba o afldal) o Gl e A giaa 0585 g chillers A supply ) Bd e Lgus 5 o

O A guna dgalls S (Y gpm ) LS B 4 glatia 585 of Un pi cud 5 gpm e Zones ) e ¢ A gisa

Adma ZONES

Fan coil Unit (FCU)

Cile ) B Lgie Cilias ¢t 9 AR gl g S Al (JSAD ua (ha Aluadial) Cipil) B jgaY Addial ciaa gl Al Cilaa g A
" 133 A (e Yy 0l olosall adilins Lgy Gald) y )
B TR sin 5393 &y i cilrs Lgd g Lgdns ) yal) (SLa¥) JANa LgsS 55 aly
83 gana Ay 58 e L S 5 (AHU) 856 Al glia Ban g a4 jlBally el il ) 9 (Ao g e + illa) oS il (8 Adaasy
WS F e e (e o e 2 g

ST g 18 sdaS g jlatiecal) i) JANa Adida 9SS Concealed .Y

i i e €181 Jala 0685 Decorative LY
1 s Al cliawa Ll

Terminal units .\

Blower coils .Y
A ad) 5,0 a Ay ya A asaill Thermostat chbic sa i g als FCU JS cuilay




LS 5 dlae) Chilled Water Aaliall sl alai : Cuald) SU) ane Al g eigall CauSall 3 ) o

FLEX. CONNECTION

TEST POINT

THERMOSTAT

2 WAY MODULATING VALVE

[SOLATING VALVE

QUTLET

FAN COIL UNIT
INLET

[SOLATING VALVE

Juesi ag3l oluall z g Al g Jodall i e 44 5 (uss :Gate Valve
Al

Sl gl (e olaall 485 J gl A e :Strainer

e SS9 8aa sl gpm @il Jas bl :Balancing Valve

ab g part load J) Al & asaill 3Way sl 2Way valve gl
LA e s S

FCU Selection
Adaiadl) cls ) edi
Carrier .\
Saiver .Y
Trane .Y
:FCU J ¢ gle 6i aa s
.(return b3 5 supply ki) ki 3 5 2 pipe 2 way .
(Cpdd 9 & 8) 4 pipe 4 way .Y

FCU JI 3aa gl JLid| Jee sie jliey) B 34755 A1 Jal gal)

Selection data required

Cooling load (TR or Kw)

HAP 31 gali p cilblea 32 TR or Kw = FCU 31 daw i lsall (5 ) aldl Jaal)
Chilled water inlet temperature (CWIT)

.7 °C Qs&h 9 FCU U Jsaall die olual) 30 a da 2

Air inlet temperature (DBT and WBT)

Hap 3 (e Wale Juandy FCU Ul Jsaal) aie o) gglt ABlal) g duda jl) 5,1 al) 40

Example:
Cooling load =2.3 TR

C.L=23*35=8.05 KW
Air inlet temperature DBT =25 °C, WBT =17 °C
Chilled water inlet temp =7 °C

1 IS Jgaal) 335 SKM FCU il g sllis) Jas




50 Hz

60 Hz

Air Flow

Rate

Total
Capaci

ty

Sensible
Capacity

Water Flow
Rate

Water
Pressure Drop

Air Flow

Rate

Total
Capaci

ty

Sensible
Capacity

Water Flow
Rate

Water
Pressure Drop

cfm I/s MBh KW MBh KW gpm I/s ftwg Kpa cfm I/s| MBh KwW MBh KW gpm I/s ftwg Kpa
632 298 24.59 7.21 16.57 4.86 4.92 451 13.49 559 264 | 22.63 6.63 15.09 4.42 4.53 0.29 3.87 11.58
611 288 24.04 7.05 16.15 4.73 4.81 4.33 12.94 555 262 | 2252 6.60 15.01 4.40 4.50 0.28 3.84 11.48
583 275 23.30 6.83 15.59 4.57 4.66 4.09 12.22 543 256 | 22.19 6.50 14.76 4.33 4.44 0.28 3.74 11.17
465 219 20.06 5.88 13.15 3.85 4.01 3.11 9.28 395 186 | 18.08 5.30 11.66 3.42 3.62 0.23 2.57 7.67
447 211 19.56 5.73 12.77 3.74 3.91 2.97 8.87 375 177 | 17.44 5.11 11.20 3.28 3.49 0.22 2.40 7.19
421 199 18.83 5.52 12.22 3.58 3.77 2.77 8.27 352 166 | 16.60 4.87 10.63 3.12 3.32 0.21 2.20 6.57
368 174 17.19 5.04 11.03 3.23 3.44 2.34 7.00 292 138 | 14.34 4.20 9.10 2.67 2.87 0.18 1.68 5.03
343 162 16.27 4.77 10.40 3.05 3.25 2.12 6.33 267 126 | 13.35 3.91 8.44 2.47 2.67 0.17 1.48 4.42
313 148 15.15 4.44 9.64 2.83 3.03 1.86 5.56 243 115 | 12.38 3.63 7.79 2.28 2.48 0.16 1.29 3.85
782 369 31.09 9.11 20.74 6.08 6.22 7.41 22.16 754 356 | 30.36 8.90 20.18 5.92 6.07 0.38 7.10 21.21
High . 760 359 30.51 8.94 20.30 5.95 6.10 7.16 21.41 741 350 | 30.01 8.80 19.92 5.84 6.00 0.38 6.95 20.78
733 346 29.80 8.74 19.76 5.79 5.96 6.86 20.51 725 342 | 29.59 8.67 19.60 5.75 5.92 0.37 6.77 20.24
635 299 27.04 7.93 17.73 5.20 5.41 5.74 17.16 587 277 | 25.62 7.51 16.69 4.89 5.12 0.32 5.20 15.54
Medium . 615 290 26.46 7.76 17.30 5.07 5.29 5.52 16.49 566 267 | 24.99 7.32 16.23 4.76 5.00 0.32 4.97 14.85
590 278 25.71 7.54 16.76 4.91 5.14 5.23 15.64 544 257 | 24.33 7.13 15.75 4.62 4.87 0.31 473 14.14
484 228 22.49 6.59 14.42 4.23 4.50 4.10 12.25 443 209 | 21.19 6.21 13.48 3.95 4.24 0.27 3.67 10.98
462 218 21.79 6.39 13.92 4.08 4.36 3.87 1157 419 198 | 20.40 5.98 12.92 3.79 4.08 0.26 3.43 10.25
437 206 20.99 6.15 13.34 3.91 4.20 3.61 10.80 395 186 | 19.59 5.74 12.35 3.62 3.92 0.25 3.18 9.52
930 439 38.46 11.27 25.40 7.44 7.69 6.46 19.32 935 441 | 38.60 11.31 25.50 7.47 7.72 0.49 6.51 19.45
High . 866 409 36.62 10.73 24.05 7.05 7.32 5.91 17.66 934 441 | 3857 11.31 25.48 7.47 7.71 0.49 6.50 19.42
794 375 34.50 10.11 22.50 6.60 6.90 5.30 15.83 923 436 | 38.26 11.21 25.25 7.40 7.65 0.48 6.40 19.13
703 332 31.76 9.31 20.51 6.01 6.35 4.55 13.61 569 268 | 27.54 8.07 17.47 5.12 5.51 0.35 3.51 10.49
Medium . 690 326 31.36 9.19 20.22 5.93 6.27 4.45 13.30 565 267 | 27.41 8.03 17.38 5.09 5.48 0.35 3.48 10.39
655 309 30.29 8.88 19.44 5.70 6.06 4.17 12.47 594 280 | 28.35 8.31 18.05 5.29 5.67 0.36 3.70 11.06
453 214 23.48 6.88 14.65 4.29 4.70 2.62 7.84 465 219 | 23.93 7.02 14.96 4.38 4.79 0.30 2.72 8.12
465 219 23.93 7.02 14.96 4.38 4.79 2.72 8.12 407 192 | 21.46 6.29 13.35 3.91 4.29 0.27 2.23 6.65
455 215 23.56 6.91 14.71 4.31 4.71 2.64 7.89 370 175 | 19.80 5.80 12.28 3.60 3.96 0.25 1.92 5.75
579 48.02 14.07 32.16 9.43 9.60 7.21 21.54 527 | 45.14 13.23 29.98 8.79 9.03 0.57 6.43 19.22
High . 558 46.89 13.74 31.30 9.17 9.38 6.90 20.61 519 | 44.72 13.11 29.66 8.69 8.94 0.56 6.32 18.89
532 45.43 13.32 30.20 8.85 9.09 6.51 19.45 505 | 43.89 12.86 29.03 8.51 8.78 0.55 6.10 18.25
434 39.62 11.61 25.90 7.59 7.92 5.06 15.11 368 | 35.40 10.38 22.83 6.69 7.08 0.45 411 12.29
Medium . 416 38.44 11.27 25.05 7.34 7.69 4.78 14.30 348 | 34.11 10.00 21.90 6.42 6.82 0.43 3.84 11.48
389 36.76 10.77 23.83 6.98 7.35 4.41 13.17 326 | 32.60 9.55 20.81 6.10 6.52 0.41 3.53 10.56
342 33.67 9.87 21.58 6.33 6.73 3.75 11.21 270 | 28.67 8.40 18.04 5.29 5.73 0.36 2.79 8.35
317 31.99 9.38 20.37 5.97 6.40 3.41 10.20 247 | 26.92 7.89 16.83 4.93 5.38 0.34 2.49 7.44
287 29.91 8.77 18.90 5.54 5.98 3.02 9.02 224 | 24.85 7.28 15.48 4.54 4,97 0.31 2.15 6.43
709 58.31 17.09 39.08 11.46 11.66 8.52 25.46 696 | 57.59 16.88 38.54 11.30| 1152 0.73 8.32 24.88
687 57.10 16.74 38.17 11.19 11.42 8.19 24.49 682 | 56.84 16.66 37.98 11.13|  11.37 0.72 8.13 24.29
660 55.65 16.31 37.07 10.87 11.13 7.81 23.36 666 | 55.99 16.41 37.33 10.94| 11.20 0.71 7.90 23.62
590 51.64 15.14 34.07 9.99 10.33 6.81 20.35 545 | 48.97 14.35 32.10 9.41 9.79 0.62 6.17 18.45
570 50.50 14.80 33.22 9.74 10.10 6.53 19.53 526 | 47.77 14.00 31.23 9.15 9.55 0.60 5.90 17.63
544 48.94 14.34 32.08 9.40 9.79 6.17 18.43 505 | 46.47 13.62 30.29 8.88 9.29 0.59 5.61 16.76
450 42.94 12.59 27.73 8.13 8.59 4.85 14.49 40.35 11.83 25.86 7.58 8.07 0.51 4.32 12.92
428 41.51 12.17 26.70 7.83 8.30 4.56 13.62 38.81 11.38 24.77 7.26 7.76 0.49 4.03 12.04
404 39.90 11.70 25.55 7.49 7.98 4.24 12.66 37.28 10.93 23.68 6.94 7.46 0.47 3.74 11.18
813 69.87 20.48 46.37 13.59 13.97 6.21 18.58 73.58 21.57 49.18 14.41| 1472 0.93 6.84 20.43
High . 752 66.35 19.45 43.74 12.82 13.27 5.65 16.88 72.96 21.38 48.71 14.28|  14.59 0.92 6.73 20.12
687 62.36 18.28 40.82 11.96 12.47 5.04 15.06 71.87 21.06 47.88 14.03| 1437 0.91 6.55 19.57
656 60.36 17.69 39.37 11.54 12.07 4.74 14.18 52.31 15.33 33.52 9.83 10.46 0.66 3.65 10.90
Medium . 628 58.65 17.19 38.13 11.17 11.73 4.50 13.45 53.43 15.66 34.33 10.06|  10.69 0.67 3.79 11.33
587 56.03 16.42 36.22 10.62 11.21 4.14 12.37 55.45 16.25 35.80 10.49|  11.09 0.70 4.06 12.13
432 45.44 13.32 28.64 8.39 9.09 2.82 8.42 44.26 12.97 27.82 8.15 8.85 0.56 2.68 8.02
439 45.99 13.48 29.02 8.51 9.20 2.88 8.60 40.79 11.96 25.45 7.46 8.16 0.51 231 6.91
416 44.29 12.98 27.84 8.16 8.86 2.69 8.03 38.16 11.19 23.75 6.96 7.63 0.48 2.04 6.11
967 83.76 24.55 55.32 16.21 16.75 9.20 27.50 91.88 26.93 61.54 18.04| 18.38 1.16 10.91 32.62
High . 889 79.24 23.23 51.95 15.23 15.85 8.31 24.84 89.47 26.22 59.70 17.50| 17.89 1.13 10.39 31.06
805 74.08 21.71 48.19 14.12 14.82 7.34 21.94 86.73 25.42 57.60 16.88| 17.35 1.09 9.81 29.33
921 81.17 23.79 53.37 15.64 16.23 8.69 25.96 79.04 23.17 51.80 15.18| 15.81 1.00 8.27 24.72
Medium . 853 77.09 22.59 50.37 14.76 15.42 7.90 23.61 77.96 22.85 51.01 14.95|  15.59 0.98 8.06 24.10
778 72.33 21.20 46.93 13.76 14.47 7.02 20.99 76.42 22.40 49.88 14.62| 15.28 0.96 7.77 23.23
848 76.77 22.50 50.14 14.70 15.35 7.84 23.43 64.96 19.04 41.66 12.21 12.99 0.82 5.76 17.23
810 74.40 21.81 48.43 14.19 14.88 7.40 22.12 65.02 19.06 41.70 12.22|  13.00 0.82 5.77 17.26
71.26 20.89 46.17 13.53 14.25 6.83 20.43 64.74 18.97 41.50 12.16| 12.95 0.82 5.73 17.12
92.87 27.22 60.91 17.85 18.57 11.75 35.12 99.73 29.23 65.97 19.34|  19.95 1.26 13.39 40.04
High . 88.25 25.87 57.43 16.83 17.65 10.70 31.97 97.54 28.59 64.36 18.86| 19.51 1.23 12.86 38.44
83.20 24.39 53.62 15.72 16.64 9.60 28.69 94.84 27.80 62.37 18.28| 18.97 1.20 12.21 36.50
88.98 26.08 57.99 17.00 17.80 10.86 32.46 84.21 24.68 54.38 15.94| 16.84 1.06 9.81 29.34
Medium . 85.40 25.03 55.28 16.20 17.08 10.07 30.10 83.53 24.48 53.87 15.79| 16.71 1.05 9.67 28.90
80.77 23.67 51.88 15.20 16.15 9.09 27.17 82.35 24.14 52.99 15.53|  16.47 1.04 9.42 28.16
82.59 24.21 53.17 15.58 16.52 9.47 28.31 68.35 20.03 43.20 12.66| 13.67 0.86 6.69 20.00
80.89 23.71 51.96 15.23 16.18 9.12 27.25 68.52 20.08 43.32 12.70|  13.70 0.86 6.72 20.10
78.00 22.86 49.93 14.63 15.60 8.53 25.49 68.45 20.06 43.28 12.68| 13.69 0.86 6.71 20.06

https://bit.ly/3KUKgOX : Al Jasl ) Jara) 2 oIS (e ddid o J gugall

Variable Air Volume (VAV) Systems
aaall yuial) o ged) allal

OSally £ g1 B sa da 3 it ae il ¢ 9¢d) ana 198 constant air volume (CAV) S alai
() sl g (e o) sgd) (385 Jana (B (LSally o) 5¢dl B ) sadl A o @i Laga CAV ) allis 4
Bl da )3 bl aa e £ gd) paa (198 VAV aldid
Jama B dasas A ggad Alld 98 ) Alsal) & (iYL 5 Z0Nes 3 Aacdall claa glf B aw gl VAV ) allad addiieg
Alaiio 48, jhy o) gl Gl puall
VAV box <S55 aly g zone 4dhaia JS 83 ) all 4 jAl Gulea Thermostat cbis se i quS 58 aly VAV Q) alai b
C AHU (8 3393 sall da g yall 01985 g zone JSI branch Y e 2 zone JS (A AHU 31 g supply 1 A e
b 5 Al 253 gall il ga Al Al (a5 ) Al Jaadl 8y (o) GlSally 3 ) ad) Ao J85 Latis g e pual) gtia g ol
3 @3 e VAV box ) (2 2152 el Actuator 3 Jasy &us VAV box dk g<ldl controller 31 ) 3 L&
slball cwa Wie yu padl main duct J = damper
e g aabuall g Gulaal) coilbbdiol) ¢ 3aURY calSal) Jia alad) J) gha ALEN 4 ) adl Jlaa¥) aa VAV ) Ul aniiy
Bt JUd) dpd Ly AN S (e

oSl Aaleay g ¢ 04Y) Aalay ) ABLGYL (5 alaiB) Sl aUaT 8Ll 8 ga 43) VAV ) aldii & jian (0 @
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Reheater

Outlet

VAV Box 3l glsil e
Single duct, cooling only .\

alad) Jl sl 358 ) gliad ) oSla) B aadie g le gl ASY) g2 g ) 128

VAV Reheat .
cile AdLa) oty 431 J5Y) £ 53 (o g Ak BAN 9 alad) J)gha (i ol &y ) ZUaS A (SLaY) pa padiey
.heating coil

Parallel fan forward .
A oY) 21 5¢d) AsaS aa A3 g Plenum ) 8158 e 4sas JAY) a5 VAV Reheat o« Y £ sill 18 asdiiog

Changeover / By pass VAV .
static ) 334 vie @idy By pass damper (b ¢ 4e wd) A3 AHU @ida g e £ 6l 138 aadieg
supply duct 433l <sa & pressure

saSadl) 48y b dua (e (e o8 A VAV Box ) apuidii oy @
Pressure Independent .\
s ) 8 5l Ay 7 gansall (5 shuall g alind) o) sgd) (§B0 Aashy aSay Cumy (3B (ubaay 354
Pressure Dependant .Y
dodiall Jd Saliuy) bl dad cawa o ¢l ggll (38000 Jaa
OSally COy ) dpei 25 2 g lSally CO, SENSOT S i al Gisa Liaf 4 gl allis aa VAV BOX 1) allis addis)
Ol Jak Y Fresh air ole il o1 sl dad 3305 e Jerd VAV Box Sk galddl controller 3 () 3 L) Jas
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Videos links 4 ¢ cila g

. Air Cooled Chiller - How they work, working principle, Chiller basics
https://bit.ly/AirCooledChiller

. How Air Cooled Chiller Works — Advanced
https://bit.ly/AirCooled Advanced

. How a Chiller, Cooling Tower and Air Handling Unit work together
https://bit.ly/ChCTAHU

. How cooling tower works
https://bit.ly/Cooling1 TowerWork

. Chillers — Condensers
https://bit.ly/ChillersCondensers

. Chiller - Expansion Valve
https://bit.ly/ExpansionValve

. PICV Explained - Pressure Independent Control Valves
https://bit.ly/PICValve

. How Solenoid Valves Work - Basics actuator control valve working principle
https://bit.ly/SolenoidValvel

. Centrifugal Pump Basics - How centrifugal pumps work working principle
https://bit.ly/CentrifugalPumpl

10. HVAC - AHU Filters
https://bit.ly/AHUFilters

11. Constant Air Volume - CAV HVAC System
https://bit.ly/CAVSystem

12. VAV Variable Air Volume - HVAC system basics
https://bit.ly/VAVSystem2

13. Variable Air Volume - VAV system HVAC
https://bit.ly/VAVSystem

AHU, Pump, Chiller and FCU Hookups Sl ciila e ddid Jdo Jgasll o
https://bit.ly/Hook1Ups
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