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Air Condltlonlng Types(HVAC Systems)
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Direct expansion system ( DX )
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Chilled water system

Gl g3 AN B3 e olra (b 8 £ sgd) 2 A

SAJ,\AS\ ol,yd\ 31.53

High Initial Cost

@

Bl Ay jLdial) 8 andid g dlle 44ISS
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Low running Cost

Easy for maintenance
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Complicated maintenance
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Fan coil unit

System components — Air handling unit

“—>» Piping network
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Water cooled chiller Air cooled chiller
The condenser is cooled by water The condenser is cooled by air

e Water cooled chiller & Air cooled chiller
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‘ Water cooled chiller
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Reciprocating chiller

Advantages:
1. Low initial Cost. duaidic 4 5l 48K
2. Have a Higher condensing Temperature. ddle afi<is )l ja da 5o L]
3. More Suited For Applicant Where Air Cooled Condenser. <kl iad <
4. Suitable Till 200[TR].
e Uatuy) (e adAlu &A[ﬂ
200[TR]

Disadvantages:

1. High Noise. 4dle slia suia

2. High Vibration. e ) yal

3. Need High Level Maintenance.

o siwall Llle Ailua uj‘ dalay Reciprocating chillers Have More Moving
Parts Than Other Chillier Types

Reciprocating chiller
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Screw Or Rotary chiller

Advantages:
1. Available in capacities ranging from 20 to 300 [TR].
2. Less efficient than Reciprocating chiller

3. Small Size Light weight.
4. Less vibration.

Screw Or Rotary chiller
20 to 300[TR]

Disadvantages:
1. High initial cost ( for small cooling loads)
2. Screw chillers are the most expensive.

3. The lubricating oil system is complex and consumes a lot of oil.

JUITR\ g J.\.\Sl\dl@_\mjdsue.muﬂ\;uje&.\
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Centrifugal chiller

Advantages:

1.
2.

Available in capacities ranging from 90 to 1000 [TR].
Centrifugal chillers cost lower than screw by 10:15% at the same
operation conditions. '

3. Centrifugal chillers are the most
efficient at peak load.

Disadvantages:

1. High requirements for water quality.

2. The cost- is hlgh, many Parts, vulnerable Centrifugal chiller
parts, high maintenance costs.

1. Low compression ratio and small single cooling capacity.

2. Poor adjustment performance under a partial load of a single head,
no step les adjustment. 45 jadl &Y seall LAt 8 Canica oo

3. Large weight index of unit refrigerating capacity. xS =5 O
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Scroll chiller

Advantages:

1. Simple structure, few parts, few wearing parts, and long life.

2. Itis a stable, low load operation without surge phenomenon.

3. The compression ratio and EER value high.

4. Step less regulation in the range of 10%-100%, high efficiency under
partial load and power saving.

5. Insensitive to wet stroke.
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Water Cooled Ch|IIer Diagram

WATER-COOLED
CHILLER

)

DIAGRAM cooin %
- TOWER

HVAC] ¢

JWET THE FACTE E

&

CHILLER

27+ 30°C

Refrigerant < CONDENSER

VALVE COMPRESSOR Power Panel

Controls Unit

EVAPORATOR

VFD

1
1
1
1
1
1
1
1
1
1
1 EXPANSION
1
1
1
1
1
1
1
1
1
1

6-7°C 12-13°C

Primary Supply Primary Return
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Water Cooled Ch|IIer Diagram

Compressor & Evaporator & :4le x5 3,50 (w Chiller L&l &S
Condenser & Expansion Valve & Water Box & Power Panel & Control Unit

z25512-13°C 5, > 4 )3 Shell and Tube : &5l (e 58 5 saaall ) bl Jas
:6-7°C 5_) o~ Aa )2 33 10 olae 4ie
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Hot Water Based Natural gas Based

Waste Heat Based
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Water distribution system design
Design of chilled water system

Design Requirement

M\ &Qﬂ:ﬂ.ﬁ
! T \
© @ ©,
v g AV
Water Flow Rate Pipe size Pressure drop
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1- Chiller Water Flow Rate Or Pump FIow Rate
Cooling Load

Q =mXCp XAT
Q[kW] =m[kg/h] X Cp[kw.h/kg.K] X AT[K]
Cplkw.h/kg.K] = 0.00116
Q[kW] =m[kg/s] x Cp[k]/kg.K] X AT[K]
CplkJ/kg.K] = 4.186

| B Q[kW]
m[kg/s] = Cplk]/kg.K] % AT[K]

ECWT= Entering chilled water temperature = 54°F Or (12 - 13°C)

LCWT= Leaving chilled water temperature = 44°F Or (6 - 7°C)
AT= ECWT - LCWT =10°F or 6°C
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Water distribution system design

Return A"re' Air Handling Unit
- Supply Air

R Fresh Air B
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VR AT VRS QLJ é by &
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o A2 o v 1 =0.22712 [m*/h
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@ condenser V
HUITIE(E % Chiller Compregsor
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2- Pipe size
slall a3 58 4aldil Water distribution system
Lalading YY) sy £ o)

' /I\ R
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Medium grade black steel (BS 1387)
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slall &) 55 4alil Water distribution system

.BS 1387 & Schedule Number 40 2% 3aal) Gl o) sd g g 2() a2 Jgaad)
Al Al Y bl Lgn giad Al plall claaS Jgaad) g

[kg/m] =2 51 siaal) plal) dLiS (mm) A3 ladt) (mm) and) kil
0.121 12.4 10
0.366 16.1 15
0.585 27.3 25
1.018 36 32
1.378 41.9 40
2.206 53 50
3.706 68.7 65
5.113 80.7 80
6.813 93.15 90
8.673 105.1 100
13.259 129.95 125
18.961 155.4 150
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3- Pressure drop
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AP=200 [Pa/m] 584

[in] kil [liter/s] (& | [kcal/h] 8aa)gs Jaadl | [W] 83a) g9 Jaadl)
1/2 0.055 900 1045.3
3/4 0.135 2210 2566.8

1 0.253 4140 4808.4
11/4 0.564 9230 10720
11/2 0.869 14220 16515.7

2 1.66 27160 31544.7
21/2 3.44 56290 65377.5

3 5.37 87870 102055.7

4 11 179990 209047.5

5 19.7 322350 37439.2

6 31.9 521980 606248.5

8 65.8 1076730 1250557
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Pressure drop in pipe fitting <Y cilus 5 8 M‘ b g
afieaal) (il all dpaailly g, o) (e sally s ) g cilalasal) B 284 gada ga 2() pd AU J g2
. ik 90° g oSl (AlSal) J ghall addlien cilgill e

Lo )dl| ¢ g (mm)  Zyguid awa¥ yladt (28l Jehall aaas
12.5] 20 25| 30| 40| 50| 65| 75100 (125 |150 |200 250
4 O, _ 0.24(0.27( 04| 05 0.7 09| 10| 1.2 | 1.7| 2.0 24| 3.4 | 4.0

. 0. _ 0.5(06] 08 1.0 1.3 1.7 20| 24| 33| 40| 49| 6.7 8.0

F3<s 900_1719_& 03104 |05 (07 (08 (1.1 (1.3 |1.6 |[2.0 2.6 |32 |43 |[5.0

0.210.27] 03046 | 05 0.7 09] 1.0 14| 1.8 2.0 2.7 | 3.7

50 ]6.7 |80 |11.0 [13.0 (16.7 |20 |25 |33.5|41 |50 |67 |82

Lgly alews 20 (2.7 |36 |46 |55 (7.3

09 1.2 15| 2.0| 2.7 3.7 43| 52| 6.7 | 8.5(10.4 |13.4| 17

1.8 124 (3.0 |43 (49 |6.1 (7.6 |9.0 {12.2 |15.2 |18.3 [24.4 [30.5
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1l e g sias 100Mm om0k ¢ il 90° & S IS Jarall asun )
22.3[kg/s] Jaras 4 (5 2 )k sla allas & a3l
:Jad)
aday A aladiuly s EL=3.3[m] :() & Jsaadl (e (bl & &I KAl J ghall aa g8
. 550[Pa/m] & 100[mm] kés 22.3[kg/s] oh> Jare dic AP Jaziall 1o g
AP=550x3.3=1800[Pa]=0.18[m.w] T Adag
la 5k 150m Led sl s 45 il A de jull 5 AKEY) dagis Jaraall Lo gan 2a
3[kg/s] Jazar 7.5C 3y~ 4x y3 die 3l el Led (5 32 50mm
:Jad)
Ll b aa g0 (Makdall 5wV aall s Jaziall Ja g day A& aladiuly
V=1.4[m/s]; ¢uas AP=450%x150=67500[Pa]=6.75[m.w]:4 s« AP=450Pa/m

G=p [kg/m3]xA [m?]xV[m/s]=3[kg/s] > V= (3/0.22x1000)
p=1000[kg/m3]&A=(nD%/4)=0.0022[m?]&V[m/s] =

V= (3/0.0022x1000)=1.4[m/s]



Slogl) S ) daals - plaall (1N SAIGa usigal T 55 52
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BS 1387 2su¥) aaall (1 7.5C da 0 2ic 2,k Ale gl sl Ul J<al)

F Glas o glhadll

eMJMd%Y&ﬁ\M\L)&-Y oJ\ﬂ\uacﬁdSLsﬂt—U-uY\JLS-\
Adaall Gglladll (5 e gilall ¢l Y) -Y

F A B 25[kg/s] ¢ C'
S P T
‘51\}3 ?L‘“" AAaa ‘
S35 alaa O O O
E A p— L
e | = 2 L Q
z 2y EY 5Y
.i. (Tp] (Tp] ‘6'
o - -~ -
¥ 40 [kg/s] E D o
’ < < <
90m 30m 60m ———
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biuzal) b g g cile pudl g JUaBY) a6 () ady JSEN 3 ga¥) Baad) g hrdal) bgan Ay A aladiuly
. 2.4[m/s] ¢ depudl WEY o) Aoy

[Pa/m] bl g | [m/s] de [mm] kil [kg/s] Gsaxil 5 lall -
260 2.2 150 40 EFAB 1
240 1.8 125 25 BC 2
235 1.5 100 15 CD 3
235 1.5 100 15 BE 4
150 1.2 100 10 C'D’ 5
240 1.8 125 25 DE 6

Laiin aga o ddadladll el g b sall Jane (aBlihy (a8l ConBY) jUaE] o Jaa
(Y Jariall b (e oy 3

P 4y gllaal) ddaalt ¢ Fa pilal) glas ) -
AP=129572[Pa]=1.29572[bar] =12957.2[mm.w]=12.9572[m.w]=13[m.w]
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ABCC'D'DEF 5_ila Jghl (bl o euam M Laila aly ¥

AP[Pa] |AP[Pa/m] |[m]eAsl) Jshallf cilus Y a2 | [m]idlsa s [[m/s] 4 pmdl [kg/s]32 | [mm]okdl) | s ghadal)
62400 260 240 - - 2.2 40 150 sl EFAB
520 260 2 1 2 - - - )52 laa
13000 260 50 1 50 - - - $3S plaa
2548 260 9.8 2 4.9 - - - b g S
1274 260 4.9 1 4.9 - - - &
79742 260 306.7 g saxal)
7200 240 30 - - 1.8 25 125 G5l BC
960 240 4 1 4 - - - &
8160 240 34 £ saxal)
27000 150 180 - - 1.2 10 100 4 sl CC'D'D
5025 150 33.5 1 33.5 - - - $3S plaa
990 150 6.6 2 3.3 - - - ol g S
495 150 3.3 1 3.3 - - - &
33510 150 223.4 aaal
7200 240 30 - - 1.8 25 125 i sail DE
960 240 4 1 4 - - - &
8160 240 34 £ sanal)
129572 AU i) Ja g
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Eungg 55l o LS iy (538 pall oSl dadail 8 Adian e ST LA (i
(Blia) (o)A s Apulad sasl g ) QUaill I ol el Jane ddcae IS ais

To Describe Any Pump
1- Water flow rate.

2- Types.

3- Static Pressure=p.g.h

'é.)‘fm e Olizias
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_ Q 3
~ 1000XAT [m7h]

[kcal/h] ¢ JLédl dslainl -Q
slall (e e e aa) gl Aranal) 4y ) al) daud) Cp=1000[kcal/m?3.deg]
Return 3 Supply O 8u1ad <ila s (3.8 AT=5 (12-7) or 6 (13-7)

1 = ﬁ [kg/s] or [I/s]

JkW] ¢ Ll delaind -Q
slall 4 ) al) daud) Cp=4.186[kJ/kg.deg]
Return 3 Supply ¢ 8, al) &l 3 (3,8 AT=5 (12-7) or 6 (13-7)

__ mXxXHXx1.2
i 102 X1 Ok Sale — 1,2 Adadl) 393 34 -
. Al 385 — mll/s] or [kg/s]
AL2all ¢ fiagilall g Y — H [m]

Dr. Mohamad Bakir /e: Dr.mdbakeer@wgmail.com Tel. 0933845087



dlagl) 4,8 _Eind) by - palaal) £ «Z?\
oS sde daaa 3 =

ilCaal) (patigeal Ay 5058 5 90
§ IS all sl

luaal) M.EM b,
4l ABMall J%C)AQ\J3£\MQAOJ3333JM\M\ Gl Al

AP
— X

P—=
/

L., X Cs  [Pa] or [N/m?]

[Pa] ¢ M‘ ania — P
.Pressure Drop [Pa/m] ¢ &lsia¥) daii bkl (38 — AP/
(Fittings) 1.5 x (Return s Supply ) <) s Jsb (8 9 culi¥) (s (Al Johal) - L,

Jehal) e sl Jalas - Cp=1
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Water distribution system design
Design of chilled water system

Design Requirement

M\ &Qﬂ:ﬂ.ﬁ
! T \
© @ 3
AV AV AV
Water Flow Rate Pipe size Pressure drop
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1- Chiller Water Flow Rate Or Pump FIow Rate
uﬁﬁ Q,SJUAJ‘ M\M\J\‘JMJ)JU%UYQOJM\ XPy OQAJ\‘\,)ASJJML;AJ
(Sl Ohll s

(Water flow rate) : Gpm :gallon per minute
Chiller ) (Gl 5 jlall 3 el slpal) das
(Water flow rate) : kg/hr :Kilogram per Hour
1gpm = 0.063 [l/s] 1gpm = 227.124 [l/h]
ECWT= Entering chilled water temperature = 54°F Or (12 - 13°C)
Chiller ) L) 4a1al 3 ) jadl 4y
LCWT= Leaving chilled water temperature = 44°F Or (6 - 7°C)
Chiller ) s da A1 5 ) all da 2
AT= ECWT - LCWT =10°F or 5°C(6°C)
Chiller ) (e oAl Jsdall (i La 31 al) o ya (38

Dr. Mohamad Bakir /e: Dr.mdbakeeriawemail.com Tel. 0933845087
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1- Chiller Water Flow Rate Or Pump FIow Rate
Cooling Load

Q =1 X Cp X AT

Q[Btu/min] = m [gpm] X Cp[Btu/g.°F] X AT[°F]

_ QIBtu/h
IPM =00 x AT

) _ Q[TR] x 24
rogpm=——=

1TR Need 2.4 gpm at AT = 10F Or AT = 6°C

1TR Need 1.9 gpm at AT = 12F
AT = 10F Or AT = 6°C s (sl 4uaS ) 3l 2.4 A glisg s b aa)y JS O

Dr. Mohamad Bakir /e: Dr.mdbakeer@wgmail.com Tel. 0933845087
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2- Piping size (Chllled Water Piping De5|gn)
.TR = £ 545l Space ! 1l Jas Gla a2y v/
a5 AHU OR FCU alilly cinS3 jlga AT fia g ciliudaal) (e 5 ppall obal) A0l ) oy v/
. Sldaadl ) e sl
2.4 ) zUsy TR 1 b JS o Jlds) o i) JAl (GPM) Flow Rate aas oty v/
AT = 10°F Or AT = 6°C &} &) Ja & GPM
roY) Ul Glaad jLbe ) G A58 Jal go Bae a3 gy ¢ Gl e b paati Ay v
Y JA03 82 yaall sleal) Aoy 1
de iy 2: 10[ft/s] O g9l L,Ajmm Y JA00 sliall Aoy (9S8 S A
. 5[ft/s] A daulial
Pressure Drop «UY¥) JJA hiall bhga 2
4ft/100ft Axsliall agdll g 10ft/100ft (& bl & Jiall gt 1 W) o)

Dr. Mohamad Bakir /e: Dr.mdbakeer@wgmail.com Tel. 0933845087
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Piping size (Chilled Water Piping Design)
:Pipe Material c=UY) 33l .3
1095 O OSag B el olsall A 8 daniiial) canlSY)
.Galvanized Steel -
.Seamless Black Steel -

. Adlaa 3 13 & 4l 3403 Chilled Water Cycle is Closed .4
A (g dal) caaly ) jUad) waas oy
Friction Chart.
Frication Table.

Pipe Sizer Software.

I A\

Pipe Flow Wizard Software.
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Sch 40 Steel -] [S0°F Wates |

- N4 | usgem

Outsude Diameter 084 in Flud density 62411 b/
Wall Thickness 0109 n Flud viscosty 31667 Ib/tt-h
Inside Diameter 0622 o Specihic Heat 1.002 Bww/Ib°F
Inside Area 0304 w Energy factor 5016 Btw/h'F gp
Crozs Sechion Atea 02502 w

Section Modulus 004071 w Flwd velocsty 1.48 /s
Moment of Inethia D0171 n"4 Reynolds Numbes 5.436

Radws Gyrabion 0.2613 n Frction lactor 0.03972

Weight ol Pipe 0.851 b/t Head Loss 2602 W00 N
Weight Pipe « Fhied 0983 Ib/t  Elbow loss 0.068 n

wwwmeoyavcom
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Piping size (Chilled Water Piping De5|gn)

» Chilled water pipe material is black steel

» Chilled water system is a closed loop

» Sizing according to schedule 40 .

1[ft/s]=0.3048[m/s]

3 9] daad) e i PRSI

Jaady A i) clalia Lia A adinall Jgandl sa g
Jush L ol Y jaadly b ¥ s e bgua

> Flow velocity = 2-10[ft/s] & the best velocity = 5 [ft/s] 1[m/s]=3.28][ft/s]

(frez) 4[ft] o)aha all Lo gan a8y V) (e ((J9k)100[Ft] IS

rnly) plad 4d pad ALY gand)

Pipe size Flow range Pressure drop
[in] Ls¥L copul) lad Gl Jaze Ll b g
1/2% up ........ 0-2[ gpm] 0-4 [ft/100]

1[ft]=0.3048[m]

1[m]=3.28[ft]
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3- Pressure drop Calculatlon (P.D.C)

» Pressure drop (P.D) = friction loss + chiller cooling P.D + AHU (FCU) cooling coil P.D
» AHU (FCU) cooling coil P.D.C >

(FCU )i ( AHU )b il cilile 8 sluall g 0 dantii Jaaal) & a84Y
> friction loss > ¥ Ad b MSia ) A Jasall 3 il

» friction loss = Pipe length + fittings and valves equivalent length
» Fittings (reducer & elbow & Tee & take off & .....)
e ey sllaall Bas Il Adliall il 1 6 akall 8 26 6 jee LA (e (e Jslan 23 5
reducer or elbow or Tee or take off or......... A il g
BV & aleall ¢ a5 Slalacall JOA oliadl 5 30 daii AP Jarcall da g liad Jglaa 2a g WS
GV & check Valve (CV)
» Take factor safety 10%
» Pressure drop through cooling coil of chiller = (10-20)[ft].
» Pressure drop through cooling coil of AHU = (6-10)[ft].
» Pressure drop through cooling coil of AHU = (4-6)[ft].
> S UK e Laaans Al

Dr. Mohamad Bakir /e: Dr.mdbakeer@wgmail.com Tel. 0933845087
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Pressure drop in pipe fitting <Y cilus ua M\ 1 gan

* e

Pump head Calculation 43aall clilua

TR or kW b £ 5,84all 4 Space JS8 Jaad) Glua 2y -9
(A& haghads ) AAL Layout ) asy Al -
Cra s JS (A diayy ikl b Friction Losses ) s GPM or kg/s (88ill yaas ol .Y
Al
Al ad ) s gl Head ) sl iy - ¢
i FCU or AHU () cldaall (e quuli¥) A8l (8 jlua Jghal paas oy -0
@) @l (A FCU ) Jlwal) 52 slesa Jobal () a8 aea ) (0 =1
Friction Drop=Friction Loss + Chiller Cooling Coil Pressure Drop + FCU (AHU)

Cooling Coil Pressure Drop

Dr. Mohamad Bakir /e: Dr.mdbakeer@wgmail.com Tel. 0933845087
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: Pump head
DL Al B S8 + QY Al Al sl DA hidal) 8 S8 = Adiaall ad ) i
.FHU or AHU 3} M)A Ll b J8dl) +

Friction Loses =[ Pipe Length + Fittings and valves Equivalent length] AP/L
O Ao pandl g A88Y) Blucall A9 m or ft b @l Al B e Jsbi s : Pipe Length
L9 At bl A 2 iyl gl ) Al
Cilalaall g £158Y) g cBlua gl (pa Jaiual) A 288 :Fittings and valves Equivalent length
G Jglaall (e lgale Juandy (Alsal) Johlly Lgde saady lsal) Job o 3252 gal) 33gaY) g &1 9S¥1 g
. bl g Jlgadl £ sl

Chiller Cooling Coil Pressure Drop

(10:20ft) 4 di o) dlUsl) (e adde Juand Ll JIA badal) b S84
FCU Cooling Coil Pressure Drop (assumed 4:6f t or from Catalogs)
ANU Cooling Coil Pressure Drop (assumed 6:10 ft or from Catalogs)

Dr. Mohamad Bakir /e: Dr.mdbakeeriawemail.com Tel. 0933845087
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: Pump head

Frication Losses (H losses) = ( L pipe + L fittings + L vaives) x (4 ft/100ft)
Sall (e 100ft JS (B 4t )y baidal) Jagan Giasge 43) a4 138 g 4 £t/100ft
aladiuly GPM (884 cua Je adaia gl ¢ 32 JS Frication Losses <bea s (33¥) Sl g
Jhaadl ol cillakadial)
Pump head (Pressure Drop in ft) = Frication Losses [ft] + ( AP)chiller + ( AP)FCU (AHU)
Safety Factor = 10%
Pump Pressure = p[1000kg/m?3] x g [9.81 m/s?] x H [ Pump head]

" _ gpm * Head (f1) = it
pump horse power = 9603 efficioncy specific gravity

Dr. Mohamad Bakir /e: Dr.mdbakeer@wgmail.com Tel. 0933845087
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Pressure drop in pipe fitting <Y cilus ‘_,A Jna.al\ 1 gan

LA .2 4

Pump head Calculation 43uaall cillua

supply <
Riser —i ' ()

4th Floor

::::;"\ = o= e
, =

< L 2nd Floor

1st Floor

‘ Ground
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Pressure drop in pipe fitting <) cilus 5 A bl b g

4 N

£ A8 Jsha 8 ) g A 28l laad i gal) 13d Jglan haead o3 LS il g Gilelaall JOIA 26dl) paadl
Bl & s dalAll AlIaY) Jgan ae s Y 035035 Al o34 oYl (e Equivalent Length(EL)
Ll SN daz il b gas ot alaad (A

Water Piping Sizing stall qualil cilulie clua
A L) el e GISEAY) A sG] g b 58 LS
ol e s o)
syl yhad Y
Ao sV pdans 43 g4 Y

sl Jha -
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[mm/m] Saadl g culail) iy Jadll g ) jad) aaail) () ady Jgaadl mags o

clagl) 48 i) dasly - palaal //“f){@
oSl sdie daaa

[mm/m] Saadl el [mm/m] el Gl [°C] Bl A s
0 0 0
0.3 0.46 25
0.64 0.95 50
0.97 1.43 75
1.3 1.92 100
2.1 2.4 125
2 2.92 150
2.34 3.4 175
2.75 3.94 200
3.13 4.46 225
3.51 7.52 250
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:Expansion loops & offsets 24l £ 5 85 Cildla -

Flexible hose ¢l ask Al =¥ Expansion joints 3 &lag =Y

(Bellows type) alaill ggill sues eday (Slip type) 3¥3091 ¢sill sued o s
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L Hangers

Piping supports & anchors Y cilifia g Jal sa

JIFRY) J)lge aladdaly Y
Lol clBde aladiuly Y
& o Cla gl g ahl Al aladialy Y

Spring Hangers
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PIPE SUPPORT DISTANCE THREADED ROD SUPPORT SIZE
SNeo.  gzg (MM) SIZE (MM) (MM)
1 200 1800 80 40x40 L-ANGLE Clidia g Jal g
2 250 2000 80 40x40 L-ANGLE . . <
3 320 2000 80 | 50x50 L-ANGLE Piping )
& 400 2200 80 50x50 L-ANGLE supports &
5 500 2200 80 50x50 L-ANGLE
6 650 2500 100 75x40 C-CHANNEL
7 800 2500 109 75x40 C-CHANNEL
8 1000 3000 100 100x50 C-CHANNEL
9 1250 3000 120 100x50 C-CHANNEL
== = 000 120 . 100x50 C-CHANNEL
1 2000 3000 140 100x50 C-CHANNEL
2 2500 3500 140 © 100x50 C-CHANNEL
B 3000 3500 160 150%75 C-CHANNEL
% 3500 3500 169 150x75 C-CHANNEL

SCHEDULE OF CHW PIPES & SUPPORT DETAILS
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Pipe Insulation &Aeew‘ df'

_&M\dﬂ@“\mu& Al Joadl Jang

Ll g Cpdeadl) Cilana ana Sl o selay

Ao sllaal) Aally 4SS 3) jal) ClSall ) 30 ad) da )3 Jual

4@3.-,\-'\-4‘\1\ é-\@) Cra Bale OJSSJMMLA ) gy L,SJ‘JA'“ Jotad) weﬁﬁ 3l slad) YONLY] L;é
Jolad) ali quias Al g el Gh.uu.x:. s lall CEAST alal

gl gl g Aala Sl i guall g (pldl) g Jalaall g i gual) 1 Jie i) JJ (B 3 gal) (e S e-h-wu

e e e e
o~ €t <« -
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Piping fittings <l <lus 55 g1 ol

_— :
i=3 L N
T = : &
E ;——:'-_ \‘«—.'-. !
(Nipple) (Tee) s (Elbow 45°) ¢ 3= (Elbow 90°) ¢ 3=
.-@;tr:
o
(Flanged T) 42l 5 (Bushing) »1953! ils g ( Coupling) il (Union) ¢y g o

Pipe fittings
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Lozl @ laad Chast Y «Gate valves « 4\_1.1\}\]\ Clalaall Jia
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(Bd 2 a8 1Y)
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.Regulation flow rate ¢ (bl Jara aulass .Y
. Globe valves« 45 Sl cldlacall
Angle valves« 45 3l Qldlaall
Plug valves¢ 2l Glulaa
Needle valves« 3 »Y) Glilaa
Butterfly valves:u=_all &b 3l dldlea

A g3y o sal) Lol Slalanall o3 s
. J:\\j.ﬂ\j EJQA\Z;\

g.bs'.) Lgge ol toclo Bl 3 Gl (aL.ua

=

Asyalas
/ (3*"}':-““';)
> } 3ela ¥ - os
- , il b
SERSYSY x s
N (;l ‘ o & paa ot (Bl ge g5 5
}. sanbim (il
(J_';t_-‘:,)))j) Sl oLk —_—— e e
e = A
'p‘.A—AJ! st e
Aeall el S LA :
RO ||
T R S i E TP
=530 A
"y 5 e gli’_\lbjj}ﬁc.as.m.ha 3l 93 (59,5 aleuo
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Limiting flow direction« ¢bal) slad) ayaas ¥
e’ u-‘j‘ Cilalaall 29 :Check valves &P)M e Glalaa o
sl shadl b sl

Lift Valve Swing Valve

» I ellaa L : )
AT VORY . S . (- 3

S l
™ o~ | T S
2 - E
gy} Fas pae aleo PIL 90 pas f‘L"‘o
adbemwj.kss ‘QSSY\L).L-;Q\@?M W\J\L)LQ\}\@SY\L)LQ\EEM
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Expansion tanks 2aaill <l ja
_ returnj\hﬁﬁww\ﬁ&@:&)ﬁé_\

expansion I g s 233 Led Eany a1 Jala slual 3 ) e da )0 adi 5 Ladie -Y
Al Jals Jarall Je ddadladl) AUl caddla 22l tank

Cupd Ggaa Jia A make up obead) A8 (et ga 4l AN Agda 6l Y
D ASuAl (e oliall leakage
Up to 300 [T.R] = 0.5[m3] volume of tank
Up to 600 [T.R] = 0.75[m3] volume of tank
Up to 1000 [T.R] = 1[m?3] volume of tank
ET = aldabaall Je aonl jLaid) - ¢
(ETC)closed 3aall s (ETO)open ¢ sidall (le ¢ 4ia aa 51 -0
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Expansion tanks 2aaill <l ja
s il il A Al g
] BJ\)AJ\ :\;JJEJQ‘}J&: il ¢ Lol Cweww : \QJL:\.LSM\ =)

VA +aaadll bl A &) gl
B da gidall daail) clif3A -
Open expansion tanks

ceall caila A e
C +++++++++ RIDORT .

A @= 5 >

““““ \ el AB gl (& o) ey o
A . AC b ASiaY) 386 (e
’ - L =3
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lagll A4S _ayl) dasly - yualaal) //f{ﬂ,\}
oSl sdie daaa

el (%) 2 2l L [(°C) 5,1 pd! i
0.6 35
1.2 50
1.8 65
2.8 80 .
35 95 () A2 Jo
4.5 105 £ 3 ) a cilajd die slal) daai rla gy
5.6 120
6.8 135
R.3 150
9.8 165
11.5 180
3 195
15 205
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Expansion tanks 2aaill <l ja
. Closed expansion tanks. 4&al) aail) <l 34 - ¥

gy laie s e e odile gy -V
Laay Ml Wia oAl oSy el
DAY Gle Gllay cudl 13gls Sl e
Laall A A dde Sl
. compression tank

Opdad Aalail aa ST 5 gy p23S -V
Aadladl 3 ) padl Ccils ja &l gLl

' A Cilaalay Lala oludd) Aadail o4 35 -v
il Jid aleas -

alil) e Lgiaand aSa ilelea -

ayhl Air Vents &lsell (it Culat -
&) sl

aaail) dae
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Flow Control Methods (system balance)

Ala) gl 3 prall sleall o) A4Sl aniyy TR b £ 9 0&alls Space JS sl uall Jaad) Glaa 22y v/
Jaall ae uulily Loy o) JS Jala GPM (384l) yaal oy ¢ AHU & FCU @laagll apea )
culY) U8l mastg Friction Chart <) (B:iuk O Friction Losses wlwag ¢ 18l gl al)
GPM 4 glaay

FCU & 33y ol g JS GPM husy System Balance JSS aaill o) 5 Jae (o 0 ¥ ey v/
FCU & J4 ol Baayg J<t dygthaall (38t dpaS Jguay Gl Jal (1 pzaal) s dlldg AHU
Flow Control Jes (g% 4¥ « cliiaall ¢o Samdl Gilghall b Bagagall dli Lad¥ly AHU
. Ciliaall e Ay Al Al (auall) Jgud) slall Jaghad il e (B olsall (5 i
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Flow Control Methods

AHU (FCU) Jlea JSI 4 slhaall sliall 40eS v 8 Balancing Valve plasiu o -
( Direct Retune ) Aawadic 48 14 (5 1k (o

AHU (FCU) JN aal )il ki Je Balancing Valve 43) sall slaa S 55 a3 =¥
AHU (FCU) (Direct Retune ) J< sluall 408 8 aSaty

WWM | FCUL Sl el o) sal) alas (38 5 aanal duals Als oY

BV S yidall uSall 2ilal) aUas
Ch,1 > > Common Reversed Return
’ pump
""" - o g caalall 8 Aall
las 30U alls -
(W] (W Mwwwvg| o T
FCU1 FCU> ECU3 _L_m\.c\)sj\ s ‘Q}L&.\A d\.a;}i\ dla ?J;'h‘i“ -Y
$-AHU (FCU) S i) Uil 5 sk g - ¥
Ch,1 > > Y 8 basall o g s - €
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Flow Control Methods
Direct Retune by Using Balancing Valve ilal) aa)
FCu FCu FCU
5 “Vaive
=)
=

JS 2l ki e Balancing Valve ¢J\$5 alawa qusS 5l 48, )kl o4 b v/
FCU and AHU

Dr. Mohamad Bakir /e: Dr.mdbakeer@wgmail.com Tel. 0933845087




ag) A8 _a ) dasla - uslaall J,\\ AR uigal 5 5 00

JERNPION 35 o)) Ll
Flow Control Methods
Reversed Return Sad) aa) )

— -

. Balancing Valve aliiial aiy ¥ 48y jhl) oo 4 v/
Laladiicd g o gudi JESY) oY) 4Gy jhall g aladiad) dadld 8 4G hal) oy v
Juaa¥ g 4y gludia i) JUad) (o) (o gludia auli¥) B Joilal) 288 () 4<) Ladic 48y ghal) oda addind v/
Gl Jia 4 gluda FCU @i g L Jlaal) 4y gladia SlaY) ¢ Jilaia alBall) o dray 45 gludia
Lildial gall (i b £ L Al
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Part load Control (2 and 3 way valve)

AHU J J) el gy dicgpm [kg/hr] (EJJQ o\,g.q) c_\\..qﬂ glﬂ\ Gl Jaay -
5ol da )d Ja sl ) pan OS5 dadi ye (3585 Sl 3 ) ja da )3 Y ¢(FCU)
Jeall Jay LS‘ KAl

AHU (FCU) 32a 511 aal Il lad e o< 1l Balancing Valve plos a5 -Y
u\SAJ\ Jea ERTVEN L;.c 'thﬂ 4_1155\ a\:mj\ 4\_1.45 d‘AJ}A

oY part load i all &Y seall aa Jaxy 43l chilled water ) alai & 5 3ae aal =¥
Al 3l e la (e ST e g ging Lol

2 way and 3 way | Slelaall (e gle 55 aladiul part load ) Al 8 aSadll G0 - €

WWW\ | FCU1
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Part load Control (2 and 3 way valve)

(= AHU (FCU) 8 aal )l baa le3 way valve SO aleall oS 55 a4 -0
supply 4Ll i e (’LA“’M Sy IS AN ama g &j)ﬁ&.«j\

FCU J3& BV Gub oo el 4N oliall 40aS Full Load A4S 4 saal) Al 8 -1

u\_\ Croatin LKA Lsa 3 gall Ui ge yill Part Load 4 jall 4l gasd) dlls Gﬂ -V
A2l slaall lise (Blay alasall 2538 3 way aleall ) 5 )La) oz g J8) A genl)
Al 58 Al o Ay chiller Lbid)l ) AV Jlud) =385 FCU
Adlpall 8 Jeul) 5 s V) a5 3aa) g de

off slon W) (<5 AHU FCU 32a 51l 3 2 way alea aladicl s 8 -A

WWW | FCU1 AMWWW | FCU1
3 way valve 2way valve
> D> > D>
Ch,l pump Ch,l pump
Constant speed Variable speed
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Part load Control (2 and 3 way valve)
Ll ¥ elldg FCU or AHU saall aal )l ba e 2 way alea auag aly -0
alaall o hadlas Ul s el Jaa e daraally 4l 8l sl ) b e
5L 2 way aleall 33b s G Jals o) sl ) a da o 8 Jaall Jay Ladie
s ¢ deall e e 30yl slaall 38055 Gl oadl Gk a sty s Gl se il (1
supply 4Ll ba Je oldl a0 p 3 (Al Al b e Jla3 bl
owadl Al )3 L) aey g aall e oS je pressure switch <y (uuaty
Bomie £l e OS5 2 way sem ae deadiiddl Al Jully dede
CAlal) Lra s JUac Y 5,58 5 Alle Ll g Cile )
AHU alasiu) Dla i 48 il 6 FCU Glaa s aladind Al 6 i ga il a0 -1
YYTYTY _AHuj@\J\Lsg;amyﬂ\@aﬁ

FCU1

2way valve

P> D>
Ch pump

Variable speed
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Part load Control (2 and 3 way valve)
e ) A5 ddllaa g (AL aleia aladic) s -V

2 way valve and constant pump

WwWwW, | FCU1
2way valve
- o D>
1 pump
@—<

Constant speed pump

g ol A A a8 (S Alal) LSS g el 5 puiia Adnal) JSLoR s A
Part load Jl s & daadl e by pass dla oS of e 2 way valve alas
Jaall Jﬁé&bbﬁ%}‘f}_\eﬁgéﬂ\Zwayeumﬂa)\.&;\@umjaﬂ\
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Part load Control

230 8 3way valve Clilaa 204500 FCU Gilaa 5 aading aUail) Al 3 -4
oY aSaill 8 2way valve lelaa axdivi AHU @las g adiding alaill s 4 -)
Jeall a8 e control zUisd g3 S sbuall 4S5 juS Jaall
Jaa gl ddee 8 SO juel) 0315l Tase aadied 4 gluiie Jlea¥) Al 8 -))
Al a3l W -

(Sl IS 8 LS Sl aal ) AEy ey f -
WWW VWWW MWW
FCU1 FCU2 FCU3
> > > Y

Ch,1
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Chiller Hook up

auge
gaug thermometer

GV

% FC

Flexible Connection

|

GV Pressure Gauge

Flow switch :;[/:
sT BV FC
AWWW—

Sk —Dad

GV Balancing Valve

Gate Valve

W-Chiller

!

Drain Valve
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Chiller Hook up

Loball g g are Al 4 LN Jady & 98 — Flow Switch

bl Al Lghege 43adll g aal )l hasha e — Gate Valve

.Drain Valve &b (e oball 4805 Jaue die 22350 By Pass ) ba e — Gate Valve
.l A (aliatal Leiega 4338 5 aal I b gha e — Flexible Connection :FC
Ol e g Al Jsaall die 3 )] jadl Aa )l (ubiie — Thermometer

DLl ez g5l s Jsaall vie bzl (ulae —Pressure Gauge

bl ) Al obal) dpeS auzal J a0l ks e -Balancing Valve BV

lan 3 508 W) J)shal 0 5S35 88 (D dalaadl (53 Jin) o dadiall g jLiall 4 -V
o ae Llle & LN 593 S gpm (383 4S5 Jas e Friction Losses (AUl
Primary Jaulul (¥ ¢ laiad) (e e sana aladinl o5 Alall o2 A (LS e ddas)
e i ) Zones b bV ASud e slaall Cin e A paaa s LN S8 Lead ga g
)+ Ll aae ladae S0 ¢ Jarall il g

oo A giua S8 Gl Ll Apdaal las e S 3 Secondary Pump 4 Sl Gl alll Lol
P A sladia G55 Y oda g dadd p3sdl) i e Friction losses bl kg e aladl)
Zone plaainy) (e Lre dahia gpm Al alaa) e Al g ddiaa JS ST ganill

Dr. Mohamad Bakir /e: Dr.mdbakeeriawemail.com Tel. 0933845087




clagd) 2\,).‘5 ) Asala - _palaall ‘;ﬁl%\\' il all L;«.AJ.'\@.A.‘ 2.),9);3 594

SL s daaa 2 6 IS all cansil)

< pbdd) Juas
Chiller Hook up

<] <] <]
i @ T
P1
> —>— chz Zonei|—P>—
@Pz
Primary
> oumps > ch2 > Pp—Zonez2—>>
il : Ps.L Secondary pumps
< < <
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il L) Selection of chiller
bl LA aie SLae¥) cpmy WAAT Gaag A1) Gl gad) -
Factors affect air cooled chilled selection

OB el sl Gk e OIS &y i A Eua s AT e gl Bl A
1- Ambient temperature.
Dbl (e da Al sliall 3 ) ja da )
2- Leaving chilled water temp. (LCWT). = 7°C or 44°F
3-T.R SN g luall Jaal),
For example:
LCWT=44F & Ambient Temp.=105°F & 250 [T.R]

load=3.5x250=875kW
York e &l 5 AS i (alall o JuKl Ji

dlagl) 48 ) daals - yalaal 7]
oS sde daaa 3 .
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HSL 048 daans - 6 S8 Al il e gass £ 2

sldal) Ll Selection of chiller
York e ¢ s 38 4 alall @l U Jans

@J&\ ﬁ‘j@J\SJ\JAXA.JJ
LOWT [°C] [°c]
Jiagal) acsl | Bla Ay 25 [°C] 30 [°C] 35 [°C]
model | (e da il ol [ 4y Jaal) Jaall Jaal | Jeadl Jaall
kW kW kW kW kW kW

el sl Bl s Aa ) Aaslaay s LOWT=7C 3 yall da j0 9 875kW L) sl Jaall 48 jaay
YDAJ 77XTg : s» < sthad) B gall ol 255 40C S (A

Lo <oty Jad gall 13 paldd) Jgasdl Jaas A

3 Sl iplaeall 5 & Jaruall b g & SLafill dlad & Ll 55 & (b S Jaal

bariall la gun

P=pgh &  Pressure drop-=... ... kPa
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3 8 7w W33 Cooling Tower Selection
LAt g LS Aie e Cprg 3AU AN Jal gad) -
o8 G elall Jsaa 3 ) s 4 3 EWT=Entering Water Temp.=95°F=35°C
T3 Oeobiall 5 A B ya Aa )3 LWT=Leaving Water Temp.=85°F=30°C
o) sell ada ) 3 ) adl 4s 50 WBT=Wet Bulb Temp.=24°C
ol 2o A deadiial oLl 4eS Flow rate
If [T.R] of chiller 100 [T.R] ->Flow rate =100x3=300[gpm]=22.7[l/s]
Temperature Range =EWT-LWT=5°C
Temperature Approach =LWT-WBT=6°C
Nominal Load [kW] = Flow Rate [l/s]x Range x4.186

ey A sliall (e L oy Al 8 ) jadl S 8 g
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Design Steps

HVAC £ 3064 oY azacall] il ghi (ails
. £.9.25all space 4S5 3l £148 < cooling load —ieSill Jaa cibea -9
.DX & Chilled water : £ gl culial) a1l £ 65 a5 =¥
Diversity :ie¥) B AY) e qgllaal) il dew 4d pad £ 5 pdall SN (o) Al Jaadl Gl ¥
. Factor

Diversity Factor=0.8 — 0.9 Total load (txe Juxi o Cilaa gl JS o (a 8)

. S gliSY (e Jaad) s Aeselect the chiller qaabiall jLudal) Las) -¢
.select the riser possition c=b¥) b (< £ g pdially Afilanl) clisal) i ) gliad) aaas -0

riser usball ) a3 main branches = FCU <laa gl Jua g -1
. Y A4 sjzing oulbd Baas -V

Start To Connect Pumps & Expansion Tank & Chiller And Cooling Towers -A
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Design Steps
HVAC &JJA:AA Lg‘i M\ <) ghad adla
No of pumps = No of chillers +1 s Gladlaall e -4
stand by A1y 250T.R Legia aal g JS daw (bl S 5 Juady 500T.R Lbadidl) dea Jla A -0

250[T.R] 42w
100% stand by chiller (58 cbidiuall Jla dagall Gslal) A =)
No of cooling towers = No of chillers radl) )l dae 2V Y

No of cooling tower pumps = No of cooling towers +1
bl Al Al ghait) -y ¥
Total flow rate of chiller pump[gpm] = 2,4 x Total capacity of chiller[T.R]
ta ol 7 Adaal S a2 ¢
Total flow rate of cooling tower pump[gpm] = 3 x Total capacity of chiller[T.R]
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=R AU pLal) (g gat e Jary Y
——° 5580 Rl g (b 30 A QS S (S gy () S
A C_ @ 1058 O g
(o— Al (e qad) iy A -
On| " Uil A le s -

da 1 die 3L £La(2&20&60)[kg/s] Jand < awa (ra (98T (5 38 s €S Glgad sla B g8 -0
il ) g Javidall Ja g Y ana aa g ail.giu,pl.\\!\ ad aaa qolbally 7,5C 50
() ady JSA ¢ 3gud) paall GigY Jaial) g dday A aladiialy

[Pa/m] kil b s [m/s] 4s sl [mm] [kg/s]
215 0.9 50 2
186 1.5 125 20
118 1.67 200 60
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L > A 4 sort T ¢ G LAY Ayl
T 5 plaa ae alea $I3S plaa G“bﬂ‘ 'AJI%S‘ g—‘w‘ ‘7‘3:‘-“2‘ @Lh-\ gﬁ =
s e —] i s (J) gA
| A é* =Y £ IS A qunli) Ui -
l 2.5[kg/s] < . E < D _giﬁ\ bl Ja g =Y
< 100m > |<— 60m > Adlaall 5 e gilall glas Y)Y

e 5 bl Ja g g e gl g JUaBY) a6 () ad JSAN 3 gl daad) gl Jadilal) Jogan Aday A aladiuly - Jadl
. 2.4[m/s] ¢& ds i 33V

[Pa/m] bzl s | [m/s] 4yl | [mm]_kll [kg/s] caaxll 5_yilal -
280 1.1 50 2.5 EFAB 1
2.15 0.75 40 1 BCDE 2
115 0.65 50 1.5 BE 3
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AP[Pa] |AP[Pa/m] |[m]eAst) Jshallf cilus 53 a2 | [m]idlsa s [[m/s] 4o mdl [kg/s]32a | [mm]oksdl) | s gkl
64400 280 230 2.16 2.5 50 < sl EFAB
520 280 0.7 1 0.7 5 plaa
1708 280 6.1 1 6.1 - - - & 52, aie slaa
9352 280 33.4 2 16.7 58 alaa
952 280 3.4 2 1.7 el g S
476 280 1.7 1 1.7 &
77084 280 275.3 £ saxall
32250 215 150 0.75 1 40 4 sl BCDE
107.5 215 0.5 1 0.5 - - - 5 plaa
559 215 2.6 2 1.3 - - - el e S
279.5 215 1.3 1 1.3 - - - &
33196 215 154.4 £ saxall
110280 S rudall b g

P 4y gllaal) ddaalt ¢ Fa pilal) glas ) -
AP=110280[Pa]=1.10280 [bar] =11028.0 [mm.w]=11.0280 [m.w]=11[m.w]
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