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HVAC system

H = Heating, V = Ventilation, A = Air, C = Conditioning
o) sel) 2 g 258l 6 4 047

Course contents

Manual “ASHRAE “

1- Load Estimationéz HAP

2- Different HVAC systems

Chilled water system D-X “ Direct Expansion”
slaall 'y Ul ey " Jags g addiu "3 pdle saodl o gamn el sl M pdlie 5"
" o) sedl Le iy (panag

Split — Package
ac) 5l i.e. 4 components in the
Mini, concealed , | same package
central split ac) ol 5
Window ,central package

& S el CapSill Ak 3 e Ul 3y -

e central package
e central split
e Chilled water system
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Type “catalogue “

3- Air out Ietséz Design “ location, number, type, size”

4- Duct design “ Duct Seizer z=\ » alasiuly”

Duct Type:- &

Rectangular Circular

o Duct n CL&AS\ n
> Elbow " ¢ sSU "
5- Duct construction— Branch \ take off

L, Accessories: “volume, fire” damper

|II

|, Ductweight: “manual, Exce

6- Duct connections: L=l <3lus s
7- Duct test: “smoke, light” Test
8- Duct insulation: “Types, Design”

- Chilled water net work “GPM” oLl 4S

Ly Circulation chilled water pump

[Design “flow ‘Q’, Head ‘H’ “, Pump set]

9- Chilled water system|» Balancing system, load variation system

> Eq Uipments [Chiller, circulation pump, FCU, AHU, Cooling tower]

Fans: [ Types, construction]
BMS: Building Manage System “design drawings, BOQ”
Ventilation: &l
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Design Package

1- Design Drawings

Grill: number for each size

2- BOQ “Bill Off Quantities” <\asl) saa Jglaa | Pipes: length for each diameter
Duct: weight

Insulation: area

3- Specification <liwl gal

+443 gals

Advanced HVAC J .4 contents J (8 12 a8y ) 9 a8 ddasil) s e -
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1-1 Types of loads:

e.hosam2000@gmail.com

1- Load Estimation

*manual
o o g lare s S Jas Y] ciliaa AT -

a) External loads [solar heat gain, transmittion heat gain]

b) Internal loads [people, lighting, equipments, miscellanies equip.]

c) Ventilation [ fresh air CFM ]

1-2 notes on comparison:

a)

Dry bulb temperature

Wet bulb temperature

Tdb
Adall o) gl 3 5l a Ay
&m}u}d\'&)\)ﬂ\&)@}

“sensible heat “

Twb
Akl ol sedl 3 ) o da )

2S5 ) )l e s

“latent heat “

Humidity? Twb 4 ,Humidity ¥ Twb{

b)

Humidity Ratio

Relative Humidity

1 o)l A
sl Jha ) JS (8 Dlad 3 g sall olial) i Ay
<l

Al 4 ol )l
olia iy il o 3 g sl olaall i Hous

ade 4ailll 3 ) jall & o

1- Solar

Sensible

2- transmittion

Sensible

3- internal “ people”

Sensible, latent

4- internal “ lights”

Sensible

5- internal “ equipments”

Sensible

6- internal “misc. equipments”

Sensible, latent

7- ventilation

Sensible, latent
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Simplified psychrometric chart at 1 atm total pressure

[ 5]
[w]

Psychrometric chart |
(separate wet bulb :
temperature and

enthalpy lines)

A%}
(81

[zzi Lieli - March 2008

%]
[w]

—_
tn

o
Specific humidity («) grams moisture / kilogram dry air

Flela:ii'u'e
hurniclity %]
©10%

t

085 . 087

15 2022 2527 30 35
Ory bulb temperature "C

D
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1-3 BTU Sheet

- SPACE NAMEC: coeeeeeeeeeeeeeeeeeeeeeeeeeeeeeens

- Space 10Cation: ...cceeeeeeeeeeeeeeeeeeeeennn,

e.hosam2000@gmail.com

- Indoor condition... “Based on application” human comfortable temperature; Tdb = 75°F Air at 50% RH

- out door condition: ... “Based on project location” design condition {HAP, Ashrae, sua ¥ adl 5o}

Load sensible

latent

1-solar

2-transmittion

a)people

b)light

3-internal :
c)equipment

d)Misc. equip.

S.H

Room Sensible Heat
=52 3t W QLY ¢ sene

v
R.

L.H

Room Latent Heat
= G5t G e ) g sena

4-ventilation v

v

O.A.S.H

Outside Air Sensible Heat
= Al Jaa A giSa A8

O.A.L.H
Outside Air Latent Heat
= A5 daa (B oS I B

G.S.H

Grand Sensible Heat
=RSH+0O.ASH

G.L.H

Grand Latent Heat
=R.L.LH+O.A.LH

O

O G 1Y 5 ¢ o sl ana s e ¢ el ) Judlally Gl 368 Y gl
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1-4 load estimation:

1-4-1 solar heat gain:

‘ "Wa//s ”h)&/bwadﬁﬂujﬁjww{JijJAJLJ/JL“AS//‘;A -
" Glass " a5 3l 4ill 5

Y Ll gall e JlaadU Liskees aie 4 [ solar, transmittion] J.sSi“ Walls” Ll sl e s ¥/ -
Qs, t g Ol (po b s Lol 2y L oas s transmittion J das Y5025 5 solar J Jes 336
Qs—— O LY &l main,

Qt

— > Qst

- Solar heat gain through glass:

Qs = A* F * (Solar heat gain \ feet”2)

Where:
Qs BTU\hr
A ———— areaof glass window (A lexall & 5l e o352 90 0 5)

F —— solarheat gain factor

" AUW" curtains J 5 glass typed e addiay g

;i 44 a9 dilws Lides

(e adlai g o i) 3 16 Jsan o) - dalio 4 jlesall Jualdil 4l

_: dalie i 4y jlavall fuolisll ol -

-More safe: F=1

- More applicable: F =0.35
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(Solar heat gain \ feet?2) ——» (<Y 815 U ()

LS Wlayg -
- Location of the project “ latitude” ( u=_al ki)

- Timing “ month, hour”
- Direction (L_lerall Aa 5l 8 JLCEl ey 63 agdl (B3 ykall (e olaY) saay )

From table 15 we get the follow as standard for our design work:

direction Magnitude in BTU\hr
North 33

N-E 139

E 165

S-E 163
S-W 163
W 165
N-W 139

H 250

O 5 23V 15 Ui Gadusaall oy il [l e 5350 Syl o5 Gkl 5,91 *
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1-4-2 Transmittion load:

transmittion J) Jead (pllada) llia

Roof/' e
transmittion only :¥ 4

4 a) glass, 3 9a S
artition . wy . qn
v b) Partition" Jlals kil " ceiling " 1s/0 —iéu” floor "iua )

Level 2

Ceiling

Level 1

—>

RVVaH Floorg

solar & transmittion : GG

a) wall "eala hila " 2 ea g (8Sng
b) Roof "aa.”

DOSSSSDDSDSDSDDSDDDDSSSSDSDSSS5555>5>>

transmittion only Y 4

a) Glass:
Qt=A*U * AT
Where:

A — areaof glass window (lexd) 7 sl e 0252 50 (o8 5)

U —— 3 overall heat transfer coefficient
e ld e i o ading

;i 44 e g dilws Lides

(e adlaig g i) 333 Jsan Ja) - dalio 4 laeal Jualdill 4/

- Al e 4 jlerd) Jualdill of -

-More safe: U=1

- More applicable: U = 0.45

AT —— Temp. diff. = 29°F, for Egypt
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b) Partition"Jals kils " cejling " As/0 —iin” floor "dua )"

Qt=A*U* AT
Where:

A —— areaof Partition, ceiling, floor (A el 7 Il e 53 9a 50 8 )

U ——» over all heat transfer coefficient

p Adad 4 e g ddbua AdS

(Liad aldlai g 5 N 426 Jsan Jax) -; dalie 4 jlesall Jualdil of-

- dalio pe 4 jleral Juoldil] 4f -

-More safe: U=1
- More applicable:
*partition U =0.33

* Ceiling, floor U=0.1: 0.2

AT
v
AUl Jsanll b i e s LS cVLaia) 3 Ll

el e el Janly aa y Jlall

AT=0 AT=Tdb - Tdb AT=Tdb - Tdb
s da ' v
- 2 spaces conditioned Jsll room=75°F
with the same unit
- administration building Where:
Tdb = Tdp-our -10°F | 1dD = Tdp our
ol Sl
Where: Where:
Tdp~out” ¢ sl & scas | TAP0UE” & 5 ol gsa Sl saias
U?s:ﬁjjﬁ ‘@aii?@ GoSis peas 5l e ¢ A gl
A04F SLIAT
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solar & transmittion : Wl
a) wall "’ ks "
b) Roof "

Qs,t=A*U* ATeq
Where:

A — areaof wall or roof (e 7 sl e o25a 50 o8 5)

U ——» over all heat transfer coefficient

ATeq = Ateq + At correction
Where:

Ateq — from table 20

At correction —— . from table 20-a

o LYl e i Lo Lail

From table 20 we get the follow as standard for our design work for Ateq:

Condition Magnitude of Ateq

Exposed to sun “ wall & roof” 46

Covered with water “roof only” 22

Sprayed “ roof only” 18

Shaded “ roof only” 14

At correction for EQypt = 12

c)S:\LAST.A;\cJS.\\)!JGu;ﬂ\oMJuM\&%@iﬁme@wa\
L) ilacall ()5 360 (e o aly LS aal e iy Vg dkadl g ol Y cpelal)
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1-4-3 internal loads:

1-4-3-1 people: ‘sensible, latent’

Qs = no. of person * sensible heat gain for each person

Q) = no. of person * latent heat gain for each person

Where:

- No. of persor— Y e o G jlexal & sl (e paladY) 2xe 2aa) -

From table 63 we get No. of person \ feet A2 which it depends on type of application.

- Sensible, latent heat gain for each person:

It depends on type of application. From table 48

DOSDDDSSDD3S5SDSDSD555555555>5>

1-4-3-2 light: ‘sensible’

LY Jlal o ole s ellia

incandescent ‘normal’ lights Fluorescent lights
Light load = wattage * 3.4 Light load = wattage * 3.4 * 1.25

Locke @ table 49

- wattage light J) woasil*

1- Electrical drawing: lighting fixture S e 13 U1 #

2- Electrical engineer
3- Range ‘ Assumption’ :
Residentialdxisull SLY) Malls < sl Factories g=baal
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1-4-3-3 Equipments: ‘sensible’

Qs = total wattage of equipments * 3.4
Where:

Qs — BTU

DOSDDDDDDD3D3SDSDOSD355555555>5>

1-4-3-4 Miscellanies Equipments: ‘sensible, latent’:

Locke @ table 50, 51, 52

D)) arall Cranad 3858220 JST4S 17 Jaall awd Jglaall o8
Electrical burning ‘table 50’ Gas burning ‘table 51’
Cpllais) Legl g
- hooded “ "2t Jlalisll (5 ) blad Lg8 8 S jia
- not hooded

. not hooded —J dlla I LIS O Jgaall b o3 sa sall aill *

not hooded - dad 2aliy sale Jgaall Jixi hooded ) Al &%

0.5 &l paiy
gedae b gal (e leiSIs 1S, 17 daxd 5 a0 ali 52 Jsanll *

Qs = sum [sensible load for each equipments].

Q1 = sum [latent load for each equipments].

(13 "eleal oS " Ll 4oy aaY Jasy Wi Lalla aga ol Jaad) 138 Jesy of il JL




(g0 Y 38 ) * gl o (3BL Ly ) "giill ylgpio gle dalls Gadyi ai” Cp) Gilal Llsw) 52015/05/31
e.hosam2000@gmail.com

1-4-4 Ventilation load:

Fresh air CFM

I
-

Return CFM supply CFM

Yyy

Exhaust CFM no. of persons * CFM per person

Step (1): calculate Fresh air CFM from table 45 4 area * CFM per sq.feet

Step (2): calculate load from this air [Qs, Ql]
1) Qs =1.08 * CFM * AT
Where:

Qs —— BTU\ hr
AT = [ Tdp)out — Tdp)in ] 29 = (75 — 104 ) seae MNia

CFM from table 45

2) QI=0.68 * CFM * (AGr \ |b)
Where:

Ql ———BTU\ hr
CFM from table 45

(AGr \ Ib) ——» "l " i s (35
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(AGr \ Ib) = [(AGr \ Ib)out - (AGr \ Ib)in |
ralabeal) @l g gas o il 488
¢ pan b3 sedile apanal Jd (A g 5 ) o) D (i
Tdb)out = 104°F , at 52% RH IS & da JAll jeae Cig sk o) Gl Ul

Tdb)out = 104°F , at 52% RH a5 1l 0363 5 a8 ) dndin 333 sa sall &y jia g ySad] dday il Jai -
165 = Leaidlia 5 7 HAL dpanail) & gha H s (piiglal) (g fiandl) ATV Lela g
(AGr \ Ib)out = 165
OIS o "ad el " AR jeae gl o Cale U
Tdb)in = 75°F , at 50% RH
Tdb)in = 75°F , at 50% RH a5 5l 03¢y 51ad ydaica 433 ga sall 4y jia 5 Sl dday Al Jani-
65= LeadDlia 5 "ad jal" Jalalldandl) 45l ) s ialall (iiell A1V e

(AGr \ Ib)in = 65

(AGr\ Ib) Clus A Legia g

o0

g gaig 9yl Lola Ligilicg Uylol 5 6f deardoll ayoill 54 gilall 5yall 6]
ol = GrsYl a8 dagl Lid)los noy 4lg — aumiu Ll Ll Liygsli gyaa 6] « slial
. blitolollg dnlewlly Loyl Bugld oesi b1 gohyl « Liyg 9ura il

lploiuwy | o4 ppeiliod dyaill Llalell gle famyng gunll 418 pdong il

6l piiglew J41 Qildall Llagly bgybooll Lal « auyll ga pgéin pdgeluig bg)a Yl
S Y ppud il Lageuiy o ga ol Lot lgiadug pailicg pgylioal julidl pulsdy

© sulgll Lelam
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isls Lok LQLicas gLl aldy§I deid Lswig BTU Sheet i glc L5y Jami -

BTU Sheet

- SPACE NAMEB: oot eeeeeeeens

- Space 10CatioN: ....ceeeeeeeeeeeeeeeeeeeeeenn.

- Indoor condition... “Based on application” human comfortable temperature; Tdb = 75°F Air at 50% RH

- out door condition: ... “Based on project location” design condition {HAP, Ashrae, sua ¥ adl s}

Load

sensible

latent

1-solar

2-transmittion

a)people

b)light

3-internal :
c)equipment

d)Misc. equip.

4-ventilation

Air conditioning capacity = G.S.H + G.L.H o ]

.S.H

Room Sensible Heat
=53 G358 A QY ¢ sana

v
R.

L.H

Room Latent Heat
= 35 A e )l g sana

v

v

O.A.S.H

Outside Air Sensible Heat
= el Joa b S I

O.A.L.H

Outside Air Latent Heat
= el Jon b 5 I

G.S.H

Grand Sensible Heat
=R.S.H+0.AS.H

G.L.H

Grand Latent Heat
=R.LLH+ O.A.L.H

TR A Jsxidd 72000 Ao 4asdi BT V7 42 55 S a8 ) allaa
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1-5 Supply CFM:

1-5-1 By pass factor: baill Jalzs
fresh J el sl Jaa) e 3ym e e e J30 (A o) gl A Jiad -

"coil A oSl el 2 " -

2222222272272272272272727272727)

1-5-2 Effective Sensible Heat Factor ‘ESHF’:

E S HF = (room sensible heat \ room total heat) + by pass factor

Where:

Room total heat—— ‘sensible + latent’

ESHF=[(RS.H+0.10.A.5.H)\ (RS.H+R.LH+0.1(0.AS.H+0.A.LH))]

202222227222222227277272727)

1-5-2 Temperature Apparatus Dew Point ‘TADP’: il (s dkss

L,B/.Jj/c/j&-//ui‘).é@[c .J.qluj‘CO[/.//U_[CJJJAJ/;LU/;L@/(JFjﬂcwc_@UoJ/JAQJJ(_,E/;‘;.Q
ESHF J/ daids Jpand 1] S 53l 3 b e 65 S5t (9 TADP (Ao Joani -

2220202222722022722722727272)

Supply CFM = [(R.S.H + 0.1 0.A.S.H) \ ((1.08 * 0.9) (Tdp in— TADP)]

S PO —

U @(M%ﬂw«ﬂﬁ@!&mcﬁwwwwﬁo—aﬁ]
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2- Cooling cycle & Different HVAC Systems

2-1 cooling cycle:

Expansion valvej><} outdoor unit

<
<

Evaporator

Condenser

Indoor uni / Compressor '\

Vapor

Low pressure zone high pressure zone

M\é&ﬂ&u)ﬁow)ﬁkﬂ\g&\ ULA_\MJLSL)A
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2-2 HVAC Systems:

2-2-1 Types of HVAC Systems

Chilled water system D-X “ Direct Expansion”
olaall Ul iy " T 5 o2 "5 58l 0l e g o) sel " il 58"

" o) gel Ly s cpans C e— T T,
S Split Package

wall ac! ol 5 i.e. 4 components in the
Cei“n;>Mini , central split, | same package

free stand concealed ‘u:\j.'aij
Window ,central package

ducted unit iy grill = gl ab g 43 ae Adalall 3as ) oSy mini 5o -

Ducted

(b 3 cédid) o ddlual] 20350i" free returnx return ) sS 38 -

duct J ilS (el o
2222220222220 00222200002222707072227227272727)

2-2-2 comparison between central package & central split:

central package central split

Disadvantage: Advantage:
- required additional space for duct - don’t required additional space for
risers duct risers
- no separate control - separate control
Advantage: Disadvantage:
- easier in installation - high cost for refrigerant pipes “pipes,
- no oil trap is required welding, test, insulation”
- oil trap is required
"SA s A Lled e (s S oo B ke
A )lad) saa gl palall a5l Gy ) s s Glasal

bh}ﬂg)@}i JEY}QM\DP&\J
i)l
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2-2-3 Factor affecting for selection:

2-2-3a Block load ‘full project load’:

required System Available Full load
Window & mini split 7TR
Concealed 7:15TR
Central ‘ package, split’ 15: 70 TR
Chiller >70TR

222222000202220222220722227272722272717)

2-2-3b Capital cost: ¢y callss

L.E per TR

Window concealed| central package| central split | chiller

1000 2000 3000 3500 4500

22222200022222222220022227272722272727)

2-2-3c Running cost: Jadal s

L.E per TR
Window concealed| central package| central split | chiller

222222020222222222272222227272227272)7)

2-2-3d Available duct space:

‘ central package, central split’ = s )W) G 45 el awuss -

22222222222222222722222227272272727272)

2-2-3e previous design:

allail) ity JaSi Juzadld oY) Als pall (ama ldas a5 Jadlly oy i g g e JlaSind die -
) QUi iy daal Juadh g g e paad Alla 3 L
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2-3 load control system:

s Akl 3 (3 b e Al

e.hosam2000@gmail.com

CAV
Constant Air Volume
system

VAV
Variable Air Volume
system

VRV
Variable Refrigerant
Volume

‘chilled water system’
daaS OS5 Al o) sl A -
5 e oliall
- control in chilled
water flow

- control in air flow
damper &b e
rse 4l (Sl
damper ) o sSu 2S5l -
elia gua han)y g8 g ¢l gell
Uty 4SS 00 daal LY
i8S Ailua ) L)

compressor Ala i aadild
RO ‘JS‘L\SL LLA):LA} J;\j
PRERR

o

baliiy | Ylay lgilsy pgnlogaly agilid ol Lilul ale
iyl bolonilly dguweall gy sle Igl baliis Yg ainll
gutyag | opieg gl pgiic,d gl pgilyg ga Il

J
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3- Air out lets

3-1 functions of air out lets:

Its function is; diffusion for air inside the space.
- Air out lets called “diffuser, air terminals “

202222222222222722222272272227)

3-2 types of air out lets:

- Colure, Shape > Laaaay 5 el

3-2-1 ceiling diffuser Blaall il 8 LeaS 5 oy
ol Jalae 8 oS iy e Lealal 88 o) ga Caaaty
3-2-2 linear grill 4 ol o da gida g (3lae ol gy ud (A

"l Caye " Slee (i
3-2-3 jet diffuser 04 Oe ol it ) SLOU oS
3-2-4 fresh air lover Y pae e ¢ Glabaall™ ¥ Jiul S
"ol eS)
3-2-5 exhaust air valve O Glasal ™ ldas ¢ Cilalaa ™ o) gl Ladlid S
LaSl iy ) 54 Jadly grrill JS

* Exhaust air jdgodly slondl ga ags'Ls

D2l Slyioag
exhaust air ya agloiul gegal geasi-

Lol g dulios I54g Jubgoll gl Zullgill JAlg clagpll agai-

[0
Al ) Jie culS g an gid al G jae 3 e 100 odens g &) s JB (e
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3-3 factors ‘roles’ affecting air out lets design:

3-3-1 types of ceiling: Glxall il ¢

kel M dadll) Canldl e ole g Slla

3-3-1a ceiling tiles: <4

Lasn(24*24)ccm (60*60) el (sl -

Neck area" s sl

Effective area” Gl Om o) sedl Lt Join (U daludll ¢ sdad” Register "s sedl i Ao aelud iy )

’S Sy \

Face area "4kl dalod”

Ex:
- Grill 24 * 24 “face area”
- Grill 18 * 18 “neck area”

C—F inch 3 ~face —”JI’)ECI( J/Uyﬂwf-

A

A 4

22022222222222222222222222222727)

3-3-1b gypsum pored: ‘sl ~51)
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3-3-2 CFM for each air out let :

CFM each air terminal = (total CFM \ no. of air terminal)

22002022202222222222222222722277

3-3-3 size of grill

22222722722227272722722727272722222272727)

3-3-4 noise level:

Max. Accurate sound
db 32 = bkl &l
db 48 = auhl Gl Y sl
: size 2 s « CFM each air terminal — ceiling diffuser = Jgas Jaau -
4 g sanadl 2l LY Jemi o Y size ) s e Neo caseall )

22002222222222222222222222227)

3-3-5 air through:
X =(3\4) L

Where:

| ) o ddlisall

L Gril

dindl jgidy ga yidy allly Y] aga Yg Jos
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3-4 air out lets design:

e.hosam2000@gmail.com

DOy yha ellia

Reflected ceiling plane
RCP

Architectural plane

du;y\g._u.a;j-
CFM ¢! s¢d) 4aS aunii -
: RCP I -

sl A Grill s Jasy
L.:SJ\AMX\

CFM each air terminal (UG
RCP I (& 2asasize I -
CFM_each air terminal = d)‘l.sj\ d';g_'\ =
1388 5 Cgaall i oy Size I g

Giob (e paal Allall o2 A -
noise - Sy (5 i all
o3a 5 grill el (i i Jas -
d5 3 noise Jras g Janll culis -
noise Jl s sli g grill Jaac J)
BEN

O

cdag Y Gua Ga i)y a8 ea S (e
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4- Duct design “ Duct Seizer z=U » alasiuly”

4-1 Duct Type: - $» &
th

Rectangular Circular

A & sebas S depth ) (A «sles ke ol Rectangular 2 Al 2 -
- JSAIL WS ¢ it depth ) @8 Sla (S plane

20 * 2 0*1

reduction in depth

plane 3 & jedaa width J (2 sl Llee ol Rectangular ) Al é -
L U g

20718 12 * 18

reduction in width
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4-2 The factors which affected on design of ducts:

1- CFM

2- Size “W * D", “diameter”
3- Velocity “V”

4- Friction “t”

4-3 Rules of duct sizing selection:

2aal) Azl | Azl
4-3-1 Aspect Ratio “A.R” ='i

Aspect RatioT duct weight T heat losses T

LbL.o 25 square azssround - g15Y Jiadl -

depth J s width J 3 Juasi da 5 30 A1 2-3-4

é" | 3ac\d8 3-3-4

D2 < D1 »)Y -
D1=D2 -~ Tee iliay Jazia -
-Theroleis: D1 >D2 = 2”

main - ¢ s depth -J ahivbranch ' ¢ L width - oY Léidepth — 4als 4Dl -
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4-3-4 Reduction: <l 32c18

o2l dals 8 55S calall Jundy -

4-4 steps of design:

4-4-1 load estimation——— TR CFM

4-4-2 air out lets design— CFM for each grill

4-4-3 design drawing—» single line from ACU to air out lets “simple, symmetrical”
4-4-4 calculate CFM in each duct section

4-4-5 use the Duct Sizer program

4-4-6 constant friction

4-4-7 @ each section by “CFM, f” we get sizing

Note that:

*@ van which is nearest to compressor;
- max. Velocity 1200 fpm.
- CFM = total CFM

- By max. Velocity, total CFM; we get duct sizing friction
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duct sizer ) gzl y aladin) die Glaadla

g DesignTools Duﬁizsr Versig... = F=i]

=2

T

Exit Print

Clear

Units About

|68°F Air STP

=] o

Fluid density

Specific Heat
Energy factor

Flow rate
Head loss

Fluid wiscosity

Ib/fe

Ib/ft-h
Btu/lb™™
Btu/h“F-cfm

—_—
[ inwcs100 i

1 velocity I:] fpm
Equivalent N
[ R

Duct size

Equivalent Diameter
Flow Area

Fluid wvelocity
Reynolds Number
Friction factor
Yelocity Pressure
Head Loss

McQuay

WAV MCQuay . com

Ll g &l HLAY) (he g cagpall puai-1

75°F Air at 50% RH and 1 atm

.aDesignTools DuctS_izer,gﬁlSio...

Exit Print Clear Units About

Flow J 4a 8 aiSia ¢ 48l (e (o )& CFM 500 Lixie () (i jidia -2
Ol (ISl e 58 WS 1200 velocity ) &la & iSS Arate

-gv_DVesivgnTpols DuctSi

Exit Print Clear Units About

-

~
M. Deian ool Dusleis

Exit Print Clear Units About

I?S‘F Air at 50% RH and 1 atm

I?5’F Air at 50% RH and 1 atm

= o

Fluid density

Fluid wiscosity
Specific Heat
Energy factor

Flow rate

0.0731 Ib/fe

0.0441
0.24
1.05

cfm

[JHead loss

Yelocity
Equivalent
[ R

ter

0.276
1200
8.7

inWC/

-

Duct size

in X

Equivalent Diameter

Flow Area
Fluid wvelocity

Reynolds Number

Friction factor

VYelocity Pressure

Head Loss

0o.4128
12112
87.337
0.02236
0.0891
0.282

Ib/ft-h
Btu/lb"F
Btu/h“F-cfm

100 fr

[ 1n

in
=
ft/min

inWwWC
N WC/100 fr

McQuay

MWW . MCGuay.com

Fluid density

Fluid wiscosity
Specific Heat
Energy factor

0.0731
0.0441
0.24
1.05

Ib/fe

Ib/ft-h
Btu/Ib"F
Btu/h“F-cfm

Flow rate
[JHead loss
1 velocity
Equivalent
- di ter

cfm

N WC/100 fr

Duct size

in
=
ft/min

Equivalent Diameter
Flow Area

Fluid wvelocity
Reynolds Number
Friction factor
Yelocity Pressure
Head Loss

. in WO
N WC/100 ft

McQuay

W

MWW . MCQUaY .COm
= —

¢ 0.276 12 Wik & s A head loss Jl 4la 8 8 ) saic jela 8Os -3

R EEGEHP S RPURI BEENY

Ot 9d LaS s e\ﬁjﬁ\ O ¢ woglall Jaziny head loss J Ala e 513_"-4
) gty U 38 (355 iy 5 0,276 oliliin U o8 Lesh (55 A I JA

(29

At dasall b e 8 LS friction
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| &M DesignTools DuctSizer Versio... (et @g DesignTools DuctSizer Versio... L. pl=lia )

Exit Print Clear Units About

‘75’F Air at 50% RH and 1 atm

Fluid density

Fluid wiscosity
Specific Heat
Energy factor

0.0731

0.0441
0.24
1.05

499
_276]
S —
1200 fpm

[Tlin
T

E quivalent Diameter
Flow Area

Fluid wvelocity
Reynolds Number
Friction factor
Yelocity Pressure
Head Loss

I Flow rate
¥l Head loss

Yelocity
Equivalent
O di ter

cfm

Duct size

0.4128
1208.8
87.162
0.02236
0.0888
0o.281

= <
Ib7fe

IbZft-h
Btu/lb"F

Btu/h“F-cfm

WC/100 fr

[ m

in
e

inWwWC
N WC/100 ft

Exit Print

Clear

Units

About

Fluid density

Energy factor

[ Flow rate

Fluid wiscosity
Specific Heat

l?S’F Air at 50% RH and 1 atm

0.0731
0.0441
0.24
1.05

cfm

[ 1

Head lossl

L1

Yelocity
E quivalent
O di ter

1200
Bz |

Duct size

Flow Area
Fluid wvelocity

Head Loss

Reynolds Number
Friction factor
Yelocity Pressure

L1

E quivalent Diameter

04128
1211.2
87.337
0.02236
0.0891
0.282

=1
Ib/7fe
Ib/ft-h
Btu/lb"F
Btu/h“F-cfm

INWC/100 ft

in
e
ft/min

inWwWC
N WC/100 ft

Mcucv’

WA MCQuUaYy.com d
——

McOQOuay
[ Air Comditioning |

WAWW . MCQuay.com
= e

© A6 500 LiSs aa yi ¢ Gl flow rate ) Al o) Gl JRA) 8 ks -5

-
| @8 DesignTools Du

Exit Print Clear Units About

|75°F Air at 50% RH and 1 atm

Fluid density
Fluid wiscosity
Specific Heat
Energy factor

sS00

-276

1571 |
Be |
—

Equivalent Diameter
Flow Area

Fluid wvelocity
Reyvnolds Number
Friction factor
Yelocity Pressure
Head Loss

0.0731
o.0441
o224
1.05

Ib/7fe

Ib/ft-h
Btuslb~F
Btus/h“F-cfm

Flow rate

Head loss

I velocity
Equivalent
=3

N WC/100 fu

fpm

in

inx [ ]in
in

04224
1183.7
86.333
0.02235
0.0851
0_266

Duct size

e
ft/min

N WO
N WC/100 fe

MccOucsy

MW MIC GUSY . COm

Equivalent diameter Lld W 43l & ) o850 8 ) o530 850 Duct size J (¥ Alal) L i -6

—

&N Designlools DuctSizer Versio.. L =]

Excit Print Clear Units About

l75'F Air at S0 RH and 1 atm v] a
1Ib7fe

Ib7fe-h
BiusIb~F

Brush“F-cfm

o.0731

o.0a241
o024
1.0S

Fluid density

Fluid wiscosity
Specific Heat
Energy Factor

Flows rate

Head loss

1 velocity
Eguivalent
_ = er

<fm
-276 INnWwWCA100 fu
1197_1

8.8
8

fpm

in
lin =
875
o417
11988
86_887
0. 02236
o 0o873
0.27S

Duct size

E quivalent Diameter
Flow Area

Fluid wvelocity
Reynolds Number
Friction factor
welocity Pressure
Head Loss

N O
N WO 100 fe

MOy

VWY MIC Gieay . C Om
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Dmain > Dbranch = 2" e‘)y CLSM “\.MA @ _7

| gm IS Y S i el 535 D B Jhmins D < o3 il Als 3-8

Ade S a g el il ) 4 ¢ 538 a8 Duct size o alla 51-9

.9:8:7 4bil | 9 Liéflow rate - galiwl 4SS Section s/ Lie /1S e -

Ex1:-

CFM 500 & grill JS s JSGIL WS Grill ) a5 OS5 (S (g3 234 (g2ie -

e e ]

]
]
]
]

- Design drawing — single line from ACU to air out lets “simple, symmetrical”

- calculate CFM in each duct section

A

4000

Soo0 =FmM |:IDC|D CE R

3000

1000 CFM

2000

1000 CFEmM
a1 000

1000 CFM
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- use the Duct Sizer program

- Constant friction

- @ each section by “CFM, f” we get sizing
zalil) aladied yie b €3 a3l 9 ) cillaa Ul Gk pa -

500 CFM
12 * 10

500 CFM
12 * 10

51 =0
= Fra

16

1000

500 CFM S — 1000 <FM
12> 10

Ex2:

700 CFM for each air out let:
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- Design drawing —» single line from AHU to air out lets “simple, symmetrical”

- calculate CFM in each duct section

9300 CFM 4500 CFM 2100 CFM

4000 S

CFM

I~ Y¥ddp & mcs e no

2100 CFM [P ol

rra
g

[CFM

- use the Duct Sizer program
- Constant friction

- @ each section by “CFM, f” we get sizing
el alasied die s 83 w3 9 ) sl 3k e -

el 138 die " Gl da " asaslel e e

o [ A £ o By oF,, (<D fert 0, M[AS £y A

A
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S JSA 136 o sSan QB U

9800 CFM 4300 CFM 2100 CFM
3622 18722

36+ hs +90 e

CFM
*120

CEM - N
20 2100 CFM [FFM CFM

0 0732 > " 16 2t 16

CFM

CFM
6112

© & ld s Jiad) Ja

600 CFM for each grill
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5- Duct construction :

5-1 Volume damper:

duct Jz R gl lasio 4l se o jbe -

5-1-1 Function:

- Balance for air quantities inside duct network

- Equalizing to friction or pressure drop in all baths

5-1-2 Type of volume damper:

PARALLEL BLADE WITH OPPOSED BLADE WITH
MANUAL ADJUSTING OUTBOARD BEARING
HAND QUADRANT AND BRACKET

ROUND RECTANGULAR
SINGLE BLADE FLAT BLADE
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5-1-3 Location volume damper:

- Supply ducts at entering of each branch.

¢ 8 JS Jase e siaall plaall b

5-1-4 Smacna cad standard: # s e 4<s

Lvm VD

Note that:

Glrall (a8 4atd 3y e LS a0l Of ) Loy 4 Jia o) e volume damper J\eji-
c ol G adSanall adl ) Jeas

- Volume damper must be accessible BY access panel from air outlet.

Because of:

Testing & commissioning
TAB 24 Lilarll 638 4o ()il -

Testing & Balancing & Adjustment

aiargd Jhll e Jas aldd el (a3 )3 Cidea
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5-2 fire damper: “smoke damper”

e Jaiay Spring 4 Lalay "ol e Casalall Gl b 65 b W agle e o e
@lel aid Gaal )5 e jerall HleaDl 4l dlia s o ga g daian M ST 4l QU
spring 3 dau) g L

@ﬁ\ﬁb&o&aaﬁjw@&\@m:ﬁéﬁﬁ:)}

Return branch Ae 4uS ;i Al

A 8 aasal) N 13" 3 yall aa bl 2" "Fire rated wall"ale 45 5 &) e Ll
Ductdl Jsa s (B el alu) Liels duct I "3 s sax8 (Sl Fire rated wall
Fire damper «—S_u s s> 5 Fire sealant material Lees sale S i

g e o e

/

Note that:

- Return CFM is from supply CFM for the same space.

5-3 Branch “take off”:

flow ' 4al (e curve A

X
(37)  "eleal ASIL " Ll 4oy aaY Jaa Wi Lalla aga ol Jaad) 138 Jeny of il JL




(g0 Y 38 ) * gl o (3BL Ly ) "giill ylgpio gle dalls Gadyi ai” Cp) Gilal Llsw) 52015/05/31

e.hosam2000@gmail.com

5-4 Reducer: — ..l

calid Ly s duct ) (A ass 10 s oY sdedge -

-Its location: After 10cm from the branch take off

- Its length:

L= 4(W1-W2)

5-5 Elbow:s s

sound level

Guide vanes 4 5 () &S i Jal
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Design of Guide vanes: from table as shown

aly A width J Gu plane ) (8 < jeds 4dlll ol ¢ caly A aadll Jgaadl Jaaiy
riser (auns i J 3 o (358 alb depth ) (w36 edae ol ¢

Table of Guide vanes
Depth for the elbow No. of Guide vanes
Up to 10”
12”7 : 16"
16”7 : 24”
More than 24”

No Guide vanes
one Guide vanes
two Guide vanes
three Guide vanes

HEEL
RADIUS (Ry)

THRCAT RADIUS (R
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Guide vanes | ka8 sl -

Where:
Rt — throat radius (3”:6”)

RH—— Heel radius width
RH= Rt + or Gelsa@Jlpwecua le

Depth
Oestea Rt ¢ RH gaie Ul 1S -
S el Ay A0 Jass ) A6 e

by agin dha 5 o RH ) Leie casal 5 Rt I (a8l 104 5 Guide vanes alS saie Ul Ca il -
. ¢ R2 <R1 4ad s Guide vanes I 23 Lo shi s agalaldiy dday all e

VANE LOCATION FOR RECTANGULAR ELBOW

THAROAr < 1owus (2,3 0N
- T ® > O 20 30 “o S SO TO SO PO KO
2 i .

- S
£iaa et i} 2 'y ol

—

g

30 <40 S0 &0 7O 00O

ot

From Fon Bngincering. Bufiaio Forge Co.

Sy 0 Maa) e Al 2350 Waliaa i
L 28 el o0 B A Gy D el e (I 1A ) lalina
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5-6 Canvas:

Return 45 Supply 3 Jaxe Je AHU 22 oS 5 (Sladll (e pial ek e o jle

( To prevent Horizontal Vibration) AHU = ) jal & gas adidl

Canvas Canvas

construction element ) Ji& Vertical Vibration s s <) ) 5aY) (e Al & 58 2 5 -

lgadle]

Floating floor spring cup Rubber bad

e a8l e dlda i g S springcsie AHU Jass Rubber badle AHU Jess
Ak cuai f e All b
AHU e Jesi s jal adla A

(pole o)
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6- Duct test: “smoke, light” Test

Smoke Test light Test
Aol 6 g adaraai g (A - 143 50
fire damper I Jlile o ) a (s sle £158 | 1- fall darkness el o2a o 3Y
1A gie - 2- Test to be done for separate straight

duct.
3- when silica used it must be opaque

- Network branches need to be closes

before test.
-Smoke equipment to be provides

In case of leakage . il s 3

- Reconstruction or used Silica (opaque or Transparent)

In case of no leakage

Contractor —— consultant

WIR —— Work inspection Request

OiSii plidle ad g s pLdinY) (paliney [ pis) g Lials [alies
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7- Duct insulation: “Types, Design”

7-1 Sound insulation

- In supply Duct branch.
- In return Duct branch.
- Elbow

* Sound insulation is in side duct.

Duct - (Lsé5 Lulac (i 2559 Arm flex 5k (e picar -

** Its Function is damping sound level

It from 1cm to 3cm

7-2 Heat insulation:

- For the whole network LS a<.al

* Heat insulation is outside the duct
Fiber glass -/ (= #~i=is Duct installation /2= 2% -

** |ts Function is:

- Decrease heat transfer.

- Prevent water vapor condensation on the outer duct surface.

L 2y oY 4l sl M Return I ety ol sl Supply I d e -
Lélia .LUA'}A Q&ﬂ\j Y| LA‘; ¢LA.LS.IJ.~ lava Duct J ‘_;r— ¢l P @y
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*** Density of Heat insulation:

em3 38 o) i

Density
12 9/, 24 %9/, a8 k9 ,

**%* Thickness of Heat insulation:

2”

Duct insulation

In door duct outdoor duct
e a8 s I plall - duct is on roof or shaft
Air condition region - Density 24 kg/m3

- Density 12 kg/m3 - Thickness 2”

- Thickness 1 o ad DU iy

- Density 48 kg/m3
- Thickness 4”

(il g2 2 ) OUtdoor duct 4 Jazis
(Lial s pélao #La) Cladding
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***%* Duct insulation steps

foster "4XK™" zlall Lo axi daay oale- 1
b e J s il s 4 ) e zlall aua e el ol 2 2
Joad) 8 Camazm ddads (e () SSEs lile 20l a5

S
\Qs
X

3

o,
o

B
KRR

8

N2
SR

TSR

over lap
duct tape: ax 5 ) ¢ Jad) 43 Gualiy cind sl (5 5 Sl 4y 3a¥- 3
w8l Jall (35 ans Sleale Jaai ey e 5ol Joelan bl s 4
Duct tape= ledali s J jall 332 laal
Duct Belt: 4wk uelle- 5
Sie JS s YO S aday) iny gl (el £ s

O & N
IR

SRR
RS
SR
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8- Design Package

1- Design Drawings

Grill: number for each size

2- BOQ “Bill Off Quantities” <asl) saa Jglaa | Pipes: length for each diameter

Duct: weight

Insulation: area

3- Specification “SPCS” <liwal) sall

59 Sldio) galls g 50 laSIL 50 Cilo g ) Jdiia jlaisl iz

8-1 Duct: weight

1- equations

2- General

4wl Jla excel sheet Gk e- W=04(w+H)T*L

Slia
@ duct Rectangular:
W D L Tdaaiias
@ Elbow: n
Rt RH Ja Jas

A JS Ja 9 4S8l ae ety iy *
Jlaaa gl
- Branch, - Reducer, - Take off

Kg inch mm m

1.1 Al i i -

safety factor

*

Duct thickness T

Larger size

Required thickness

Up to 12”

0.6 mm

14” : 30"

0.7 mm

32”7 : 407

0.8 mm

More than 40”

1 mm

- Scrap percentage: !

15:

25 %
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8-2 Insulation area: J; 4atuws clea

A=.05(W+H)L

m2 inch m

A=A’ * 1.1 “safety factor”

= olall Jae

/24
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