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Chapter One Jg¥) Jadll

Heat Transfer 5_)_adl J&ii)

1- Heat Transfer: is the since that deal with energy (Heat) transfer between two
bodies as a result of temperature difference.

Heat-transfer can be described in three modes:

o Conduction, Jus sill
o Convection, and Jaall
o Radiation gliy)

1-1 Conduction Jx=asil :

Is the mechanism of heat transfer in solid material , such as through walls and roofs.

Fourier’s law (x5t 0s8) gives the following relationship:

Where:

Q: heat transfer "Watt"

K: thermal conductivity "W/m °C"

A: cross-sectional area normal to heat flow "m2"
T: temperature "°C"

Ax: thickness along heat flow "m"

For steady-state heat conduction through a plane wall for one layer, as shown in
Fig.??, the rate of heat transfer through the section From Fourier’s law of conduction,

L,-T, _Th-T
Ax  Ax
KA

q=-KA
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Figure 1-1 heat transfer through single layer wall

_ W1 _ 1 -1
q= "> © q= ==

Where :

Ax . .
R, = o Thermal resistance for conduction heat transfer "m. °C/watt"

For steady-state heat conduction through a plane composite wall with perfect thermal
contact between each layer, as shown in Fig .?? the rate of heat transfer through each
section of the composite wall must be the same. From Fourier’s law of conduction,
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figure 1-2 heat transfer through composite wall

1-2  Convection Jaall;

Is occurs when a fluid comes in contact with a surface at a different temperature,
Convective heat transfer can be divided into two types: forced convection and
natural or free convection.
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1-2-a-Natural or free convection (bl o) al) Jaal;

The motion of the fluid is caused by the density difference of the fluid when
contacting surface at a different temperature.
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Figure 1-3 heat transfer by natural convection

1-2-b- Forced convection ¢_~&! s all Jaall:

fluid is forced to move along the surface by an outside motive force, heat is
transferred by forced convection.

Fluid flow

Heat transter (o)

]

Figure 1-4 heat transfer by forced convection
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By expressing Newton law for cooling:

Qconvecti on— h. A. (T, — T))

Where :

h : convection heat transfer coefficient " W/m?.°C"

1-3 Overall Heat Transfer Coefficients (U) (A8) (Aea¥) 51 ad) JELH Jalaa;

In actual practice, many calculations of heat-transfer rates are combinations of

conduction, convection, and radiation.

Consider the composite wall shown in Fig. 3.1; in addition to the conduction through
the wall, convection and radiation occur at inside and outside surfaces 1 and 4 of the
composite wall. At the inside surface of the composite wall, the rate of heat transfer

qi (W):

T

Indoor \
T

qi 4

o

— — ~ Temperature
f rofile

Lg Le

L
[ ki koA

Figure 1-5 heat transfer by convection and conduction method though composite wall
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T,-T;

qk=1 1 Lo Lg Lg. 1 < qk=UA(T1_T2)
K* h—i+a+g+k—c+a

1 X
U= T +L_A+L_B+L_C+ B Overall heat transfer coefficient " W/m>.°C"
h; kp kg K¢ hg

1-3 Radiation glad ¥);

the heat transfer in radiation by electromagnetic waves.

qr = 0 A (T4)

o : Stefan-Boltzman constant = 5.66*10° W/m?.K
Sheet No.1

Q1/ A certain building wall consist of (0.15m) concrete (K=1.2 w/m.°C) , (0.005m)
od fiber glass insulation (K= 0.048 w/m.°C) and (10mm) of gypsum board (K=0.005
w/m.°C) , the inside and outside convection coefficients are (10 and 40) respectively.
Calculate the overall heat transfer coefficient for wall

Q2/ in the previous question if one side exposed to air at (30°C) and the other side

exposed to air at (18°C) . Calculate quantity of heat transfer for wall dimension
(4.2mx2.9m) .

Q3/ Calculate the heat transfer coefficient for the wall shown in figure below:

24cm brick
E=072w/m.C
Zom gypsum board | D Zorn cement pl aster
== E=0 8wm.C

E=0.05w/m. C =

h=22. 7 wim? o

hi=9.37 wim?.°C |5
i
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Solution of Sheet No.

Q1/ A certain building wall consist of (0.15m) concrete (K=1.2 w/m.°C) , (0.005m)
od fiber glass insulation (K= 0.048 w/m.°C) and (10mm) of gypsum board (K=0.005
w/m.°C) , the inside and outside convection coefficients are (10 and 40) respectively.
Calculate the overall heat transfer coefficient for wall

1 1 w
U= T Axg Bxy Axz T 1 _0005 015 001 1 - U =0.0424 m2.oC
hi ki kz ' k3 ho 10 ' 0.048 1.2 ' 0.005 40

Q2/ in the previous question if one side exposed to air at (30°C) and the other side
exposed to air at (18°C) . Calculate quantity of heat transfer for wall dimension
(4.2mx2.9m) .

U= 0.0424% JA=42x%x29=1218m?%, T, = 18°C,T, = 30°C

w
m2.°C

Q =UXAXAT =0.0424 x 12.18 x (30— 18) » Q = 61.971

Q3/ Calculate the heat transfer coefficient for the wall shown in figure below:

24ecm brick
E=072wim.C

2om gypsum board
E=0.05w/m. C|;

2cin cement plaster

E=0 8wim.C

h=22. 7 wim® o

hi=9.37 wim” °C |

1 1 w
= = - —
u 1 Axy Axp Axz 1 1002 024 0.0z 1 U=1.099 m2.oC
hi ki kz k3 ho 9.37  0.05 0.72 0.8 22.7
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Chapter Two /Fans

Fans: the equipment that propel air or other gas for air-conditioning applications.
There are four types of fans:

.1) Centrifugal fan  2) Axial flow fan 3) Tube axial fan  4) Propel fan

.,.//f a:’ ‘;;:\ ™\
|'_"-~ F:] |":

/ 1

k\\f ,f’f )

Tube axial fau
(Vaue type)

[,,ﬁ\\
NATAN

1y .| S| !:
' / -.Af-.._-__}::"l ; "\} r' 'y

Axiﬁ-lﬂfau Pmpel éi fau

Axial Flow Fans

[ === s e =

Figure 7-1 types of fans
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Air power: - the amount of total pressure the fan can give to the air.

Where: - W,= Air power "watt"

V= volumetric air flow rate "m’/sec" and P,= total pressure
"N/m2 or Pa"

Fan efficiency(n) : It is the ratio of air power to the fan power .

= A RO Ny e (6-2)

" Fan power Wk

Where: - W= Fan power "watt"

Fan static efficiency (1;): It is the ratio of static air power to the fan power.

M= 2= BT e (6-3)
Where: - W, ;= Static air power "watt"
P,= Static Pressure N/m’ "Pa"
F, = %X pxV? and P.=P;+P,...... (6-4)

Where: - P, = velocity pressure or dynamic pressure

3t sfe sk sk s sk s sk s sie s sk sk sk sk sk ske sk sk sfeosie s sie sk sk sk ke sk sk sk sk sk s st sfe sk sfe e sfe sk sk sk ske s sk sfeoske s st sfe e sfe st sk st sk sfeoske sfeoste sk sesie sk sk sk
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Example :- Fan with 0.65 efficiency draw air from a room and propel it induct , air
flow rate in the duct (1m’/sec), static pressure drop in the duct (140.25 N/m?) , air
velocity in duct (13m/sec);find |1 air power and P fan power[take :p,;=1.2 kg/m’]

Solution:
Py=>X pxV? = 2x12x(13)2 = 1014 Pa
P,= P, + P, = 14025+ 101.4 = 241.65 Pa

W, = Vi x P, = 1 X 241.65 = 241.65 watt

n=2a 5 W= _3718watt
Wf n 0.65
Fan laws:-

A/ For given Fan size, ducting system air density:-

_%M‘Jﬂj(ﬁ‘w‘&aﬁﬁg\) ;\)@JSSJ‘)AJ‘ZAJJQ}.\S‘U\A@

& = & (6-5)
R ——

2
Py (Nl)
R I ——— (6-6)
We _ (&)3 (6-7)
T T —

B/ for a given fan size, Ducting system and speed, if density change:-

_(ﬁW/EUngMg)) c\}@ﬂﬁ)\ﬂ\uﬁ}ﬂjmﬂ\uﬁﬁ\;@

VSl = VSZ ............................................ (6-8)
P, p1

e USRS 6-9
P2 p2 (©-9)
Weg  pa (6-10)
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Example :- fan propel 8.2 m3/sec with static pressure 250 Pa when its speed 256
r.p.m of the power absorbed equal (3.4 kw) , if fan speed changed to 300 r.p.m , find
air flow rate ,static pressure and power absorbed.

Solution:

\% N 8.2 256
11, 2222, ., = 9.6m3/sec
Vi, N, Vg, 300

Ps; (Nl)z 250 (256

P, \N, ~\300

2
) — Py, = 3433 Pa
Ps2

Wi (&)3 L 34 (256

3
_ = W, = 5.5 K
W, \N, We, 300) B W
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Example :- Fan rotates with 1500 r.p.m , supply air with (140 m*/min) at 15°C and
75mm water total pressure when its efficiency 86% , find air flow rate , total pressure
and power consumed for the following cases:-

A/ When air temperature become (increase to) 50°C.

B/Air temperature remain at 50 °C but the fan speed increase to 1700 r.p.m

Note// take air density change by % = 1.12
2

Solution:

A/ T=increase from 15 to 50 °C

P 75
P 22112 > Py = 67mmH,0
Pz P2 t2

Waz = Vi X Py

=pXg2X = X 9. X = .
P, = p X g X hy = 1000% 9.81 X - = 657.27Pa
W, = 657.27 X = = 1533.63 watt

Waz w,, = ez 153363 s s watt
= - = = = .
T=w, 2= 0.86 wa

B/ fan speed increase from 1500 to 1700 r.p.m

Vi _ N, 140 1500 = .. m3
—_—— = - Ny = ] —
Vs N3 Ve 1700 53 min

2 2
P, (N, 67 (1500
— =\ —=(=—==—]| 2 P.= H
Py <N3 ~p, \1700 3 = 86mmH0

Wr, <N2>3 | 178323 <1500

3
Wrs = N_3 Wy 1700> — Wr3 = 2595.85watt
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Sheet No 2

Q1/ An air conditioning supply fan is operating at (600 r.p.m )against (500 pa) static
pressure and requiring(4.85 Kw).It is delivering (540 m’/min) at standard conditions.
In order to handle air conditioning load ,more air is desired .in order to increase flow
to (610 m’/min ) what are the new speed ,static pressure and power?

Q2/ A fan delivers (230 m’/min) of air having density of (1.2 kg/m’) against a static
pressure of (500Pa) when the speed is (600 r.p.m ) and the power input (3.7 kw) .if
the inlet air temperature is changed such that anew density is (9.63) at the same fan
speed what is the new flow rate, static pressure and power?

Q3/ A centrifugal fan (910mm) diameter operate at (8.0r.p.s) when handling air at a
temperature of (20°C) with a corresponding total pressure development of (600 N/m?)
and shaft power is (3Kw) .if the fan is used for heating purpose and fan handles air at
a temperature (50°C) , calculate the total pressure developed and fan power under
these new condition?

Q4/the following data is available from a test report of a centrifugal fan volume flow
rate (3m’/sec) , fan power(2.6 kw) , fan static pressure (524 Pa) , fan discharge area
(0.3m%) calculate air power and efficiency ? Take (pai =1.2kg/m’) .

Q5/ A fan delivers (280m3/min) of air against a static pressure of (500Pa) , when the
speed is (500r.p.m) and power input is (4.5kw) . What speed, static pressure will be
obtained for delivery of (400m’/min)
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£ 5¢d) sl aranal /EMEY Juadll
Chapter three/ Air duct design

3-1 Introduction

The energy conents of moving astream is macroscopically speaking in the kinetic (
velocity) and potential (static) forms corresponding to the velocity and ststic pressure

The fan delivers the energy to air in the form of static pressure and dynamic pressure
(velocity pressure ) and the total will be the summaition of of the tow.

3-2 Main Concepts:

l Berneuli equation:-

P v?

5 + -+ gZ = constat , Where :-

P: pressure "Pa" , v: velocity "m/sec" , Z: height "m"
By multiplying the equation above by ( p) :-

pv?
P+ —~ + pgZ = constat ,

2
Where : P: static pressure, P, = % (velocity pressure)

lContinuty equation:-
m1=m2 == pl XA1X171=p2 XAzva )

m': mass flow rate "kg/sec"
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/ /

A

P

A (O F
/ / & .l'li i
/ ! ; !/ The product Av is

fitii ;| constant for an
le ‘J' "l ) I |l| . -
/¢ Juyd | incompressible

A / :
/,‘f/ i ! f fluid.
_// | . ..-J ;' |

i

f

K

A]
-
G v, dt

When : p; = p,
A1XU1=A2XUZ |:>Q1:Q2,
Q": volumetric flow rate "m’/sec"

3-3 Head and Pressure

The tearm head and pressure are often interchangeable however , head is
the hight of fluid colume supporated by fluid flow , while pressure is the
normal force per unit area .

Head F= pressure and pressure = Head

3-4 Fluid Resistance (pressure drop in duct)

Duct system losses are the irreversible transformation mechanical energy into heat .
Ther are two type of losses :- a) Friction losses b) dynamic losses

3-4-1 Friction losses :-

Due to fluid viscosity and aresult of momentum exchange between molecules.
Friction losses occure along the entire duct length and cause losses in static pressure.

3-4-2 Dynamic losses :-
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Dynamic losses result from flow distribution cased by duct mounted equipment and
fitting that change the air flow path's direction and /or area (change in cross section
area of duct) , ( losses in velocity pressure these fitting include :- enteries , exits ,
elbow ... etc)

3-5 General Rules in air duct design
Many rules should be followed in duct design :-

1- Air should be convayed as adirectly as possible to economise power , material
,space ...

2- Sudden change in direction should be avoided when there are bends , turning
vanes should be used to minimize the pressure loss.

3- Diveriging section should not exceeded 20°

—_—

 _ RN
=T |—- 0

4- Rectangular duct should be made as nearly square as possible this will ensure
minimum duct surface and cost for the same air carrying capacity
W/H : is called Aspect ratio and it must be <4

— L*“""FF:FF.|

s

[

5- Dampers should be provided in each branch outlet for balancing system.
3-6 Methods of duct design

1- Velocity reduction method
2- Equal pressure drop method ( equal friction loss method)
3- Static regain method
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Notes:- the main chart used to select the air duct capacity (dimensions) is
friction-air quantity chart shown below:-

Friction of Air in Straight Ducts

10000 LY I | '::_' -"l'_" .-ﬂ'l.‘_":.-ﬂ::l __,?:'-u_ - L1 Fl1
e e Eﬁt o e = — o
Sl P I Y I ™, -1 el 1
EO00 e R S o e " Al
e e el N By e L T L T A7 A1
I W) ST B B ik g P B B
= & ol
- J— ’ﬁf :!:S”F- aill ;ﬂﬁfgﬁﬁy H,a-”"f.-f |_H
= s fﬁﬁ"{} a% LTS AL
= o .,-":-. 1 q -"'"P.f .-"'""-F;
s E [ als
E AT i”" Lk it L~ ‘
= (1000 45 = s e : awf‘k .
. 9 P O 5 9 -, B P 50 W Sl W |
s e Nl s T 3 i h i N ]
Z 500 A N A AR5 0 AN AN |
o R PSR B, RN S Y, SIS
. f’};{ A eSS Y RS \1\&%
L T B SIS N
200 - FLa R o B L k "'l\‘ R R
ffg d %"-.-\___Q\\{: '.-'-"'-..:
z o - I WA S
1001 ﬁﬁ-ﬁ-—y 1‘:% h.-.-.h % g
ool 002 .05 i 2 5 10

Friction Loss in Incha s of Water par 100 Feat

Fricton loss — air quantity chart for ducts
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<< Examples >>S>>>

Ex 3-6-1: For the duct system as shown in figure below with dimentions and flow
rates , use velocity reduction method to find the diameters and pressure drops if the
air velocity after fan is (7.5m/sec).

B' - By

Solution:-
From given data with the figure information :-

- Dividing the diagram to sections (A—B , B—C , C—D', B—B' and B—C")

- Insert to the table the value of volumetric flow rates

- Depending on the method selected (velocity reduction) by cross (Q&V)on the
(friction lose — quantity chart) to calculate AP& D

- On the other sections we will choosing velocity for every branch (depending
on the main branch velocity and reduction method )

Section Q(L/sec) Q(m’/sec) V(m/sec) AP(Pa/m) D (m)
A—B 1.5 7.5

B—-C 1

C—-D' 0.5

B—B' 0.5

B—C' 0.5
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Ex3-6-2: Solve the same wxample above by using equal pressure drop method at
constant with constant pressure drop (1Pa/m).

Solution:-
From given data with the figure information :-

- Dividing the diagram to sections (A—B , B—C , C—D', B—>B' and B—C")

- Insert to the table the value of volumetric flow rates

- Depending on the method selected (equal pressre method) by cross (Q&V)on
the (friction lose — quantity chart) to calculate AP& D and consider this AP
value for all branch

- On the other sections we will cross the value of (AP &Q) to calculate (V&D)

section Q(L/sec) Q(m’/sec) AP(Pa/m) V(m/sec) D (m)
A—B 1500 1.5 1 6.8 520
B—C 1000 1 1 6.4 450
C-—D' 500 0.5 1 5.4 345
B—B' 500 0.5 1 54 345
B—C' 500 0.5 1 5.4 345
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3-7 Index run :-

The index run of any duct is the run having the biggest over all energy loss is termed
indexrun.

It is not always possible to leap the conclusion that the run of ducting greatest length
is that with the largest loss of energy and is hense the index run.

3-8 Air flow around bends( pressure drop in bends):-

Equivelent length of elbow:-

v

| 8m - ®F‘=14pa
|
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There are two method of minimizing the energy loss around the bends :-

1) Using siplitters

Splitter

2) using turning vanes

INEFFICIENT WRONG

BRANCH LOSS COEFFICIENT - APPX. 1.20
(HEIGHT/WIDTH =1.0)

>
{ T2 7. =

\
P

LACK OF TURNING VANES CAUSES INCORRECT VANE ALIGNMENT
EXCESSIVE TURBULENCE IN FITTING: CAUSES TURBULENCE; RESULTS IN
RESULTS IN VERY HIGH PRESSURE DROP HIGHER PRESSURE DROP
BRANCH LOSS COEFFICIENT - APPX. 0.15 BRANCH [OSS COEFFICIENT - APPX. 0.21
(HEIGHT/WIDTH = 1.0) (RW=1.0, HEIGHTWIDTH = 1.0)
SINGLE THICKNESS
VANES _\k;_
e A
f e
i
|
A W' RW=1.0 (MINIMUM)
\ R = 1.5 (RECOMMENDED)
TURNING VANES ENSURE

UNIFORMITY OF AIRFLOW, GREATLY
REDUCING TURBULENCE; RESULTS
IN VERY LOW PRESSURE DROP

SMOOTH RADIUS ENSURES UNIFORMITY OF
AIRFLOW, GREATLY REDUCING TURBULENCE:;
RESULTS IN VERY LOW PRESSURE DROP
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Ex3-7-1 :- Design the air duct system as shown in figure below , with dimensions
and flow rates by using equal pressure drop method at constant pressure drop
(0.5Pa/m) and then find total equivalent length for main duct(index run).

| 2m3/sec | | Im3/sec |
B2 " C!
A 2m B im 2m D
H ]
= Bl' EI_;
2m3/zec
Solution:-
Section Q(L/sec) Q(m’/sec) AP(Pa/m) V(m/sec) D (m)
A—B 6.5 0.5
B—C 2.5 0.5
C—-D' 1.5 0.5
B—BIl1 2 0.5
B—B2 2 0.5
Cc—-C 1 0.5
The Index run is A—D'

Total equivalent length of index run = length(A—B)+ length(B—C)+ length (C—D)
+length (D—D")+length(elbow C—D'")

length(elbow C—D")— L/D=g —L=Dxg= 590%9.81=5310mm/1000=5.31m
length(elbow C—D")=5.31m

Total equivalent length of index run = 2+3+2+2+5.31=14.31m
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Ex3-7-2:- In aduct system as shown below with dimensions and air flow rates use
balanced pressure lose method to find the diameters of main duct and branches , if the
static pressure at ((A)) point equal to 21Pa ,and calculate dynamic pressure (velocity
pressure) P, for all sections.

1 5m3fzec

D
E
]
J!I:IL E . —
@ 35m 35m C [ 3m3Szec
E
]
F
15m3fsec

Solution:-
Main duct length = 35+35=70m

P;at A = 21Pa and for calculating friction losses per meter length (AP) :

_ PatA 21
L 70

AP, 03P/,

Air flow rate (air quantity )at A=3+1.5+1.5 = 6m’/sec

By usinf friction loss-air quantity chart :

Section Q(L/sec) Q(m’/sec) AP(Pa/m) V(m/sec) D (m)
A—B 6000 6.0 0.3
B—C 3000 3.0 0.3

For branchs : B—D and B—F

Ps at B=(PsatA )-(35%x0.3) =21-10.5=10.5 Pa
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AP, =222 = 22 = 0.5/, for both B—D and B—F branchs
By usinf friction loss-air quantity chart :

Section Q(L/sec) Q(m’/sec) AP(Pa/m) V(m/sec) D (m)

B—D 1500 1.5 0.5

B—F 1500 1.5 0.5

For calculating dynamic pressure (velocity pressure) P, for all sections , by using :

P, = % X p x v? with taking in corresponding p=1.2Kg/m’

: 1
Section B, = FXPpx v?
PV(A—)B) PUAB =
PY(B—C) | Pup. =
PV(B—)F) PUBF =
Pv(B—E) | Py,

3-9 Circlar equivalents of rectangular ducts: the head loss due to friction is
greater for a rectangular duct than for a circular duct for the same cross-sectional area
and capacity , there for we must find the rectangular cross sectional area
diamentsions equivalent to the cicular cross section area dimeters for the duct with
equal friction loss and capacity .

W

: — H

[H X W]0.625
[H + W]O.25

D =13
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Ex3-9-1:- aduct system as shown below with dimeters and air flow rates use equal
pressure method to find the dimeters and equivalent rectangular ducts then find the
static pressure after fan . if the velocity after fan position is 8m/sec.

6
>
A 4
= - Dl Bm B m D2
[Petiec g e >
=Y
il I >
Solution:
: D (m) WxH
Section Q(L/sec) V(m/sec) AP(Pa/m) circular rectangular
A—B 3000 8
B—C 1500
B—DI 700
B—D2 800
C—D3 500
C—D4 1000

-: AUl & gladl) &3 (Stativ pressure after the fan) 4 s <l S Jaraal) Aayy

Mu}éj(ki@ﬂjm)#\@dééﬁ\JM\@\)&);A\QAJM\d}b:\é._)u -
Dbue J gkl la ¢ gl L“S_)\A-“‘ daghie JaladaddaaMe YA (e (]ndex run) L,A:‘hj‘ s aell

(D4) ddkis N (4) i e 5

length of index run(A—D4) =[ L(A-B)+ L(elbow A-B)]+ [L(B-C)+ L(C-D4) + L(elbow
C-D4)]
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oMe ) Aslaall i Cpgiiall J gl dlay) ony Ly

:(elbow A-B) 4l

— — et

=530
&
\\
%
R
7
4
L
£

N

2.
50

D=22=073  (HW)iei ey -
(R/W=1.5) dpsi Jumdl 33 538 Ll 488 il glan (aad o] 131 5 (R/I) st Sl o
¢ i) peaia gall i) Jsh Jgan aladinly -
dall Joha Jias Al [ da aa Lgie s Jsaal) (e (L/W) Al 7 A58 -
L/W=4.46 — L/750=4.46 — L=3345mm = 3345/1000=3.345m

:(elbow C-D4) 4l diall J gl ilua o3 48 Hlall udiy 1384
H/W=350/500=0.7 ->R/W=1.5— L/W=4.4 —-L/500=4.4 — L=2.2m
(Index run) G s yaal) Aalaa & alaliall J)ghal 5 ilyiad) J) ghal (g2l Y

length of index run(A—D4) =[ L(A-B)+ L(elbow A-B)]+ [L(B-C)+ L(C-D4) + L(elbow
C-D4)]

length of index run(A—D4) =[6+3.34+8] +[6+2.2+8] = 33.545m

Ps at (A)= L(index run) xAP = 33.545 x0.9=30.2Pa
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Sheet NO 3 (Air duct design problems)

QI1:- for duct system as shown in fig. with dimensional flow rate , Use velocity
reduction method to find the diameters and pressure drops , if the air velocity after
the fan equal 7.5 m/s .

A B C
j 4m am 4m D
4m 4m am
3.5m/s 3.5m/s 3.5m/s
B € D
0.5m? /s 0.5m? /s 0.5m? /s

Q2:-Solve the same example at first method but use equal pressure drop method at
constant pressure drop (1Pa/m)

Ex3:- Design the air duct system as shown in fig. with dimensions and flow rates by
using equal pressure drop method at constant pressure drop (0.5Pa/m) and find total
equivalent length for main duct (index run).

B C
2m?3 /s 1m3 /s
2m Z2m
A 2m 3m 2m D
( O F B C
2m 2m
B, D

2m?3 /s 1.5m> /s
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Q4:- In a duct system as shown below the dimensions and air flpw rate , using
balanced pressure method to find the diameter of the main duct and branches also
find the velocity at each section . if the static pressure at A equal (21Pa) ?

1.5m3 /s
E

.«_

Ps=21Pa 2

3

A — -~ - /S
1
1

21m

F
1.5m3 /s

QS5:- Design the air duct system as shown in fig. by using equal pressure method at
constant pressure drop (0.5Pa/m) .

&
2m3 /s
3m

= 3m 4m 2m D
t @) F B c
| 3m i
B D
3m? /s 2m3 /s

Q6:- Design the air duct system as shown in fig. by using equal pressure method at
constant pressure drop (0.6 Pa/m) .

2m? /s

3m

3m 4m 2m D
( @) F B c

3m3/s 2m3/s
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Friction losses — air quantity chart for air duct design
[(Findig D(mm) , Q(L/sec), V(m/sec)and AP (Pa/m)]
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NSRS N
1/\._, NN VVM.M./ N sl . ™ g
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WARAN S e /%N, e L
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Chapter 4
Pimped and pipe system
Gldiaall g sy

4 e

4-1 Introduction:-

Pipe system: - is connecting air-conditioning units with water sources (chillers or

Types of pipe system:-

1. Open system ..... figure 4-1-a
2. Closed system ...... figure4- 1-b

Cooling Tower [

T ] ™ -
:F i iy Hot water

Condenser
(a)
¥ Boiler
Pumﬁg:
(b) Heat Radiator

Figure 4-1 (a)Open type piping system, (b) closed type piping system
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4-2 Classification of closed pipe systems:-

4-2-1 / According to the number of pipes used in the system:-

1. One pipe system.
2. Two pipe system.
3. Three pipe system.
4. Four pipe system.

4-2-2/ According to the return pipes:-

1. Direct return.
2. Reverse return. Figure 4-2

Direct Return

IF?I
HWS 40 n b 10
—p . —p- . 5 =i p T ==

EU | 10

HWE ¢
Pump
Reverse Return 10 zpm 10 zpm 10 gpm 10 gpm
HWS 40 B 30 % 10 % 10
- | 10 | 20 ] 30 40
P = > P
Pump The piping circuit loops to all four terminals are the same. The system is self-balanced
HWE < 40 <

Figure 4-2 direct and reverse return in piping system

Direct return used with units need different water flow rates, reverse return used with
units need same water flow rates. The reverse return closed pipe system is self
balanced because the length of water cycle (supply and return) for all units is equal.
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4-3 / Elements of pipe system:-

1

2.

9.

. pipes :- from glovanized steel or black steel.

Elbow :-change the direction of fluid

. Tee:- use with branches

. Reducer :- decrease the diameter of pipe .

. Union: - connect two pipes together.

. Gate valve: - used for on 1 off it used with each A/ C unit.
. Globe valves: - to control the water flow rate.

. Check valve: - used to prevent the flow of water in opposite direction / pumps.

Strainer: - connected with supply pipe for each A/C unit.

10. Expansion joint:-used with long pipes and pumps.

11. Expansion tank:-

a- keeps the system pressure when working temperature change.

b-

The way to refill the system with water.
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4-4/ Pumps types:-

1. Centrifugal pumps.
2. Radial flow pumps.
3. Axial flow pumps.
4. Scroll case pumps.

Thuetd out ‘[:C}

i\

11995 Encgtlapas

gas in gas in

@O0

Figure 4-3 (a- centrifugal fan , b- radial fan , c- axial fan ,d-scroll fan)
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4-5/Pumps connection :-
4-5-1 /Parallel connection :-

Qtotar = Q1+ Q2 + Q3 + .

Piotar = PL = P, = P3 = -+,

Foa m oy —» Q.+ Q,

Delivery
Pipe No 2

Delivery
Pipe No 1

P
No 1 4 A

Figure 4-4 pumps in parallel connection
4-5-2/ Series connection:-
Piotay =Py + P, + P+

Qtotal =01 =0Q, = Q3 = -+

ISOLATION VALVES THROTTLE VALVE
/ PUMP B /
PUMP A .
LS > Wy '

Figure 4-5 pumps in series connection
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4-6/ Pumps Law

_ 1 2 1 2
Po=(Pat5 pVE) = (B=3 p U
Where:-
P, :-static pressure at discharge line.
P;:- static pressure at suction line .
V2:- water velocity at discharge line.

V;2:- water velocity at suction line.

4-7/ Pressure calculation in the system :-

4-7-1/Closed system:-

Expansion Tank

_ Coolingcoil

I Chiller

h, :- head pressure in the system (minimum pressure). Or static pressure

(Do)
Po=p-g.-h, = B
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4-7-2/Open system :-

Cooling Tower

F 3

Hot water

Il_i_

| Condenser

h, :- head pressure in the system (minimum pressure). Or static pressure (p,)

ho=p.g.ho = K

4-8/ Pump power:- (W)

A mount os energy supplied to the water .
Wy =Q.P;

Where:

Q:- volumetric rate of water (m3/s)

P; :- total pressure (Pa)

4-9/ Pump efficiency ()
The rate of energy supply to the water divided by the rate of energy consumed in the
pump's impellers

=M
WS

¢

W; :- power consumed by pumps impeller
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Ex4-1:- the pressure gauge reading in the inlet of cooling coil is ( 100Kpa) the
reading of another pressure gauge in the exit (50 Kpa) the second gauge is (1m)
above than the first gauge . Calculate the pressure drop in the cooling coil ? the coil
run by chilled water .

00 Kpa { _‘_____1‘1_1_11 __________________________
Cooling coil

Pressure due to 1m of water is:-

Solution :-

P=pXgxXxh=100k981x1=9810a < P = 1.8 %pa
Total Pressure at inlet pipe =50+9.81 = 59.81 kpa
Pressure drop =100-59.81=40.19kpa.

For calculation pressure drop for pipes we use the chart of pressure drop (friction)
shown below:

q
2000 N \\I/ A \\ w\ NK % / —I/
NI AL AL
N
1000 \ g/ \\ / 74\/ \QQ ,%ﬁ / ﬂ
w 000 \?7 < N /I / ‘d 7 ‘L[ N/ X SRR
o NRUIIN/BE | Ry U ACAN ARURN S FANVAN Ml AN
% so0|F N1 / / :\'!:7\:‘2_7_.@\ /N 1 N Z
5 200 Fy N / / '\7\/ “%\“’% - “\Z \ N N
5 ol LU KL VLA TN L ASAANG & Nt 1IN ™
SRS
100 4 / / / / A '_\ S :oL.C’
o f A1/ i s N A DA
60 |1/ iy Vi [ /
o I 7 A AR, VA Y AN 7
wl LU S ) / / AN
AL ¥ / / 3
30

O3 03 DB IS2 3AS5 B 152 3 45 810 B20 30 50 B0OKO 200 300
FLOW OF WATER, kg/s

Figure 4-6 friction loss — flow rates piping losses chart
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For calculating equivalent length for bends and fittings, we must use the table below:

Table 4-1 the equivalent length for bends and fitting piping system

-

(L Top [P
200 [ sy | 1= 08| 1 —wo] 205003 a0, i
4 4 2
e
T s 21 26 L ai 42 65 %0°
11 15 18 22 .29 45 45°
08 10 13 16 21 30 Jigb 90
28 38 47 56 [ 75 | 13| Sl ke 1000y,
63 83 104 12:5 167 asel q—’L" Jumi 500/,
143 187 234 281 3715 56 o i 337/,
25 333 416 498 667 100 | e oot 25°/,
..ak_‘-k...-
187 250 338 36:8 500 66 (gs) T
08 10 13 16 21 30 | (gate) gl
16 21 26 31 42 65 | (i)l
36 42 52 62 83 125 (gpe) s
0-6 08 1-0 13 17 25 .jw i
47 63 78 94 125 19 WLyl

After calculating the friction loss of the pipe, it should be known that this value is not

quite correct, and a correction coefficient should be used to correct it.

S

]

CORRECTION FACTOR

—

80 100 =0

140 160

\a\)q"tl‘( Tem?‘ E

80

200 220 240

260

Figure 4-7 correction factor with water temperature chart
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Ex4-2:- find the equivalent length for a pipe (d=50mm) and its length (40m) , consist
of :- 1 globe valve , two long elbow 9 ( , 1 tee with 50% by pass ?

Solution:-

From table 4-1 :

1 global valve =1x50=50feet

2 elbow (90°) long = 2x2.1 = 4.2 feet

1 Tee 50% = 1x16.7 = 16.7 feet

Equivlent length for fitting = 50+4.2+16.7=70.9 feet /3.28=21.6m

Total length for pipe and fitting = 40+21.6 =61.6m

Ex4-3

If the system in previous example transmits chilled water with (3.5kg/s) and its
temperature (8°C) find the pressure drop in system.

Solution:

From chart at Q=3.5kg/d and d=50mm we specified pressure drop (AP=550pa/m) ,
the correction factor at (T=8°C) is equal to (1.15):

AP.= APxcorrection factor = 550x1.15=632.5pa/m

Total pressure drop in system (AP,)= AP xtotal length = 632.5x61.6 = 38.931Kpa
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Ex4-4 :- in a closed pipe system the total pressure drop (50 Kpa) , the expansion tank
located at (40m) high a bove the suction line of the pump . find the water head and
pressure which the pressure gauge read it as follow :-

1. Down the suction line by (0.5m).
2. A bove the discharge line of the pump by ( 1.5m).

___________________________ ‘ Suctionline @ . il.;ﬁm
Discharge line

Pump

Solution:-
ho=40 > P, =P,
P.,=pXgxh,=100 098 1x 4 0= 39 24 ORu = 39 24Kpa

Pressure due to (0.5mH20) =pxgXxh, =100 09.81x0.5=49 0P
=49 0 bpa

1) Pressure gage reading = 392.4+4.905 = 397.305 kpa ,
Water head =40+0.5= 40.5mH,0O
2) AP=Pd-Ps = 50=Pd-392.4 =Pd=442.4kpa

Pressure due to (1.5mH20) =pxgXxXh, =100 0 9.8 1x 1.5 =14 71%a
= 14.715kpa

Pressure gage reading = 442.4-14.715 = 427.685 kpa =~ 427.7kpa

Water head = P=pXgXhe=4277xXx1000=1000Xk 981X h = h =
4 359 8nH20
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Chapter five

Airconditonning systems and air filtration

5-1 Airconditonning systems/ The decision to selection the A/C system:-
1- The satisfaction of occupants.
2- Fillness of the system for space.

3- The economic consideration.

5-2Types of Heating, ventilating and Air-conditioning (H.V.A.C) system:-

5-2-1 All —air system.

—  —

}

Supply air

/l\‘

\}Re‘rum air

Space

Figure 5-1 all air system

5-2-2 All — water system

Space

. Supply ai
Fan coil / uppiy ait
™ I

Outside™ 4
Bps "
air

Figure 5-2 all water system

::lj'. ®

Return air «—

4 Warm or cold water
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5-2-3 Air —water system

Induction
unit

Space

/ Supply air
/)'

—

*....-r""'
/q +— 4 Returnair

'y J‘Warm or cold air
Warm or cold water

Figure 5-3 air- water system

5-2-4 Multiple unit or unitary system [Direct expansion system]

A self-contained compact unit with the conditioned space consisting of minimum

elements Include:-

5-2-4-1 Window type

5-2-4-2 Split unit :-

a- Wall type fan coil unit

b- Floor/ceiling fan coil unit

c- Cassette fan coil unit

d- Free standing decorative unit

E- low/medium/high static duct air handling unit

f- Top discharge condensing units

5-2-4-3 Packaged air-conditioner
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5-3 Cleaning of Air (Filtration)

5-3-1 Operating characteristics:-

There are three operating characteristics that distingusih the various types of air cleaners .
These are:-

1-Efficiency
2- Air flow resistance

3- The dust holding capacity

5-3-2 Contaminants:-

Atmospheric contaminants Fall into four classes:- Solid , liquid , gaseous and organic.
1- Dusts:-these are solid particles.

2- Fumes: - these also are solid particles but formed in different way from dusts.

3- Smokes: - smokes may be regarded as small solid partieles

4- Mists and fogs: - They are both air borne droplets which are liquid at normal
temperature and pressure.

5- Vapors and gases: - They are substances which are in the gaseous phase at normal
temperature and pressure.

6- Organic particles: - The commonest of these are bacteria, pollen, the spores of fungi
and viruses.

5-3-3Air filters types:-
5-3-3-1 viscous filters:

a- cell type

b- automatic type
5-3-3-2 Dry filters

a- cell type

b- Automatic type
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5-3-3-3 Electric filters (figure 5-4)
5-3-3-4 Wet filters (figure 5-5)

5-3-3-5 Centrifugal collectors (figure 5-6)
5-3-3-6 Adsorption filters

Dirty Air Ionizer Collector

‘\:I

Clean Air

Figure 5- 4 Electrical air filters

Water supply

—— Nozzle
i o |
— g oaed —
Dirty air in - . ;
28 3| Clean air out

SIS
ey
-~ o
-
‘-_,_—f’f‘__——ﬁ’-_f‘__’_ )

Water sprays e ns e

e o ——— ————

Collected water

Figure 5- 5 wet air filters
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Clean Air
Dirty air in
—=

Dust'collected

Figure 5-6 Centrifugal collectors air filter



