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Chapter One Js¥) Juaill
Heat Transfer 3 ) _ad) Jaii)

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, Juasill
o Convection, and Jesll
o Radiation gl

1-1 Conduction Jss=sil :

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

Fourier’s law (Ux st 05#8) gives the following relationship:

_ KAAT
1= Ax

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-Th_ Th—-T

Ax  Ax
KA
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Figure 1-1 heat transfer through single layer wall

_ Th—T; T
= —"m © q=—
KA th
Where :
Ax . .
Ry = P 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,

AT AT, AT
Gevicaetion — —HKa A ,5_;: = —KgA E}z =K. A ﬁ
Rth.tota! — Rj_ i R2 + R3 + .. Rn L.r//n—-;/_-—-__;,_-—hq_/_’;}

vl |
[._\_\:1.|-;x;.|. axa |

[>‘-‘t

Temperature|
rofike

Figure 1-2 heat transfer through composite wall
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12  Convection Jeali;

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.

1-2-a-Natural or free convection 2=kl g jall Jaal):

The motion of the fluid is caused by the density difference of the fluid when contacting
surface at a different temperature.

4 o
! \§
fr17 A1

i T\
i 1

" oI Lrbient 1
Id AT S

1 o
w' 1y
\\"\ 11y
\1\.\ *"4';//
o

Figure 1-3 heat transfer by natural convection

1-2-b- Forced convection &l s _all Jaali:

fluid 1s forced to move along the surface by an outside motive force, heat is transferred by
forced convection.

Fluid floy
Tuid flow Heat transfer (g}

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

Qconvecti on= h. A. (Tl - Tz)
Where :

h : convection heat transfer coefficient " W/mZ2.°C"
1-3 Overall Heat Transfer Coefficients (U) ((AS!) (Al 5 jall JUES) Jalea;

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 \
=

I

Temperature
rofile

T;

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

. T,-T;
dx = 1 [1 La Lc. 1

Lg
A hi+kA+kB+kC+ho]

< qx = UA(T; = T)
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1
1,La LB Lc 1
hj kp kg k¢ hg

U=

Overall heat transfer coefficient " W/m?2.°C"

1-3 Radiation glad Y

the heat transfer in radiation by electromagnetic waves.

4= 0 A (T4)

o : Stefan-Boltzman constant = 5.66*10 W/m2.K

dgan) ALi)
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:
2dem brick

E=072wim.C

Zcm gypsum boardfs 2ot cement plaster
E=0.05%%/m.C 1' o E=0 3wim.C

he=22. 7 wim“C

hi=9.37 wim® 2C !

References:

Y. A. Cengel and A. J. Ghajar, “Heat and Mass Transfer (in SI Units).” Mcgraw-Hill
Education-Europe, London, 2014.

J. P. Holman, Heat Transfer (Si Units) Sie. Tata McGraw-Hill Education, 2008.
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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

Tk

.-'/’l-

| i

&

===

i e,

A |

1) 1

e 1

oy |
|
F |

| ¥
— d- | I

=
)
8,

LA ES— p— Housing
Centrifugal fan TE‘be axtal f?“
Vane type _
[ Fan 'l.lllheel—& :
— L7\ | e : Gas Out
ML
Axial fan

., —

£ b i

ropellr fan

Tube axial fan

=R

Figure 7-1 types of fans

Air power: - the amount of total pressure the fan can give to the air.
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Where: - W,= Air power "watt"

'

Vi= 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 .

= Ao W e, (6-2)

" Fan power W

n

Where: - W= Fan power "watt"

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

_ Wy Vs XPg

N = W W e (6-3)
Where: - W, ;= Static air power "watt"
P,= Static Pressure N/m? "Pa"

P=:xpxV? and P.=PR+B,

Where: - P, = velocity pressure or dynamic pressure

sk s s sk sk sk s e sk sk sk s s sk sk sk sk s sk s s s sk sfe sk sk s sk sk s sk sk s sk sk sk sk sk s sk sk s skeosk s sk sk s stesk sk ke sk s sk sk sk sk sk sk

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 2| fan power[take :p,;=1.2 kg/m’]

Solution:
P, = %x pxV? = %x 1.2 x (13)2 = 101.4 Pa

P,= P, + P, = 14025+ 101.4 = 241.65 Pa
W, = Vi X P, = 1% 241.65 = 241.65wat t

W, W, 241.65
n=.- > Wp=-rt=

= =371.8watt
Wy n 0.65

Fan laws:-

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

srde pull g (o) el ABUS Cigd (o)) o) sl 3l sall da o g Al i
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Vo1 _ Ny
T 6-5
V2 Nz (6-5)
Py (&)2 _
I T T (6-6)
We (N1)3
= =) 6-7
Wr, N2 (©-7)
B/ for a given fan size, Ducting system and speed, if density change:-
_:(;W/E/{Eéﬁﬂéb;\ﬂﬁ)\ﬁ\h)dﬁ}hﬂ\dﬁubg
Vo1 = Voo o (6-8)
P1 _p1
T T 6-9
P2 p2 ©-9)
W
o L (6-10)
Wr2 P2

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:

Vi N 82 _ 256
st 1, 22 =22 5 V., =9.6m3/sec

P, (N;\2 250 /256\°
s _ (_) b ( ) - P, = 3433 Pa
P, \N, P, \300

Wiy (N1)3 3.4 (256
— — % —_—
We,

3
—T o (222) 5 W, =55K
N, W, 300) B W

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
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Note// take air density change by % =112
2

Solution:

A/ T=increase from 15 to 50 °C

P 5
Pz p2 Pi2

Wap = Vg X Py

67
Po = p X g X hy = 1000 X 9.81 X == = 657.27Pa

W,; = 657.27 X = = 1533.63 wat t

W, W W,, 1533.63 1783.23 wat ¢

= - = = = .
T=w, f2 =7 0.86 e
B/ fan speed increase from 1500 to 1700 r.p.m
Vs Ny 140 1500 m3
—=— 5 —=—— > | =1587—
Vi3 Ns Vs 1700 min

2 2

P, N, 67 1500
L —=|=—=—] =2 P, =86 H,0
Pps <N3 ~r, - \1700 t3 = SOMMI2

Wrr <N2>3 178323 _ (1500

~ \N3 Wis 1700

3
) - W3 = 2595.85wut t
Wrs

LﬁJa.ﬂ\ olaayy

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?
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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 (pair =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)

References

W. P. Jones, Air conditioning application and design. Routledge, 2012.

B. J. Burley and others, “An update on ANSI/ASHRAE standard 62.1,” Ashrae J., vol. 64,
no. 9, pp. 28-30, 2022.

V. V. P. Bharathi, A. Kodliwad, B. A. Kumar, and V. V. N. Deepth, “Design of air
conditioning system for residential/office building,” 2017.

W. T. Grondzik, Air-conditioning system design manual. Elsevier, 2007.
J. Watt, Evaporative air conditioning handbook. Springer Science & Business Media, 2012.

A. R. Chandra and R. C. Arora, Refrigeration and air conditioning. PHI Learning Pvt. Ltd.,
2012.
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)98l sl pandl JESE Juadl)
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 + 5 +9Z =constat , Where :-

P: pressure "Pa" , v: velocity "m/sec" , Z: height "m"

By multiplying the equation above by ( p) :-
pv?
P+ -t pgZ = const at,

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

l Continuty equation:-

m; =m, B p1 XA XV =py XA XV,

m': mass flow rate "kg/sec"
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! 4 .'r..'lr,-"“‘, T
Jir ! 1} | The product Av is
! p ! ."'l constant [or an
Aopisugls f incompressible

//,’? J-'I 4 ;. fluid.

When: p; = p,

Ay Xvy =4; Xv, 201 =03,
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 :-

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)
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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°

e

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

]

E
S

=
5

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

Notes:- the main chart used to select the air duct capacity (dimensions) is
friction-air quantity chart shown below:-
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Friction of Airin Straight Ducts
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Frictizn Lozs in Inchas of Waber par 100 Fea

Fricton loss — air quantity chart for ducts

<< Examp]es >>S>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).

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

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

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

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—(')

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)
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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 5.4 345
B—C' 500 0.5 1 5.4 345

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:-

L

| 8m li ®P= 1dpa
|
|

(O

There are two method of minimizing the energy loss around the bends :-

1) Using siplitters
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Splitter

2) using turning vanes

INEFFICIENT WRONG

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

P Rk

2. | (-

S
[F

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
EFFICIENT EFFICIENT
BRANCH LOSS COEFFICIENT - APPX. 0,15 BRANCH LOSS COEFFICIENT - APPX, 0.21
(HEIGHT/WIDTH = 1.0) (RW=1.0, HEIGHT/WIDTH = 1.0)
SINGLE THICKNESS
VANES —
= =
b= 7
| e
i
|
A W' RW =1.0 (MINIMUM)
A RIW = 1.5 (RECOMMENDED)
TURNING VANES ENSURE
UNIFORMITY OF AIRFLOW, GREATLY SMOOTH RADIUS ENSURES UNIFORMITY OF
REDUCING TURBULENCE; RESULTS AIRFLOW, GREATLY REDUCING TURBULENCE:
IN VERY LOW PRESSURE DROP RESULTS IN VERY LOW PRESSURE DROP

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).
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2m3/zec | | Im3/sec

B2 _I€
A 2m B Im 2m D
O L
. Bl ;
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—BlI 2 0.5
B—B2 2 0.5
C—-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%x9.81=5310mm/1000=5.31m
length(elbow C—D")=5.31m
Total equivalent length of index run = 2+3+2+2+5.31=14.31m

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.
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1 Smidisec

D

A

@ 35m 35m &

F

1 3m3fsec

= 2lm

[ 3m3izec

21m

Solution:-

Main duct length = 35+35=70m

P;at A = 21Pa and for calculating friction losses per meter length (AP) :
_PatA _21_ o,pPg

ARy == 70~ 03 /m

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%0.3) =21-10.5 =10.5 Pa
AP, = PsitB = %f =0.5P4/,, 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 :
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P, = % X p X v? with taking in corresponding p=1.2Kg/m?

. 1

Section P, =5x%pX v2
PV(A>B) | Pu,, =
PV(B_)C) PvBC
PV(B—)F) PUBF =
PV(B—E) | Pug,

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
- T— H

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

D=13

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.

6m
o=

—— D1 &m Sm
[T {g e E > e 00 |

8m

fm

i S c &m D4

A
v
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Solution:
X
Section Q(L/sec) V(m/sec) AP(Pa/m) c]i)rc(lrlrlle)lr recgng}llﬂar
A—B 3000 8
B—C 1500
B—Dl1 700
B—D2 800
C—D3 500
C—D4 1000

) Aa el any Sl il ¥ Stativ pressure after the fan-: 4G & gadll 4 (

L (5 padlly ale s g (Jaball it S0 4 5Ss 3) ladl) (51) spml b bl S Ay -
ddagy ) (A):\.L:s.'uaﬁ Db Jshal a2l 5ed) Lﬁ)\;az\.‘x}la.m.i:lau idaade A e (Index run)
(D4)
length of index run(A—D4) =[ L(A-B)+ L(elbow A-B)]+ [L(B-C)+ L(C-D4) + L(elbow C-D4)]
oo ) Aalaall & Civiall J gl alag) an laday

agallelbow A-B)

— —

{=550
5
\\
LY
N
7
£
i
e

O

b
22

=30 _ 973

% 7 50 (H/W) A s oy -
(R/W=1.5) duss Juadl 33 538 Lol 8IS Ol slra ol a1 1315 (R/IY) A s aly -
oLl e sall cilgial) Jgda Jpan pladialy -
Aiall Jgha Jiad Al [ dad ani Lgia g J sl e (L/W) Al = A0S -
L/W=4.46 — L/750=4.46 — L=3345mm = 3345/1000=3.345m
Apall dpall J gl Clua &1 38 plall (udy 1384 g(elbow C-D4) -

H/W=350/500=0.7 -R/W=1.5— L/W=4.4 —>L/500=4.4 — L=2.2m
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) ol (5l Al b adaliall JIghal 5 cibial) ) skl ia sa3 (N slndeex Fun(
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

Sheet NO 3 (Air duct design problems)

Q1:- 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 .

4m 4m 4m
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).

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) ?
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Ps=21Pa

3
A "/m 3Bm 3m’ /s
Fan

3
1.5m3 /s

Q5:- Design the air duct system as shown in fig. by using equal pressure method at
constant pressure drop (0.5Pa/m) .

v
2m3 /s
3m

% 3m 4m 2m D
l o ': B c
| 3m 3m
B D
3m3 /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?3 /s
3m

v 3m 4m 2m D
( O F B c
| 3m 3m
Br D
3m3 /s 2m?3 /s
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Pimped and pipe system
Cldiaal) g syl

“ e

4-1 Introduction:-

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

Types of pipe system:-

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

Cooling Tower —

I I‘-, Iy
:p &' Hot water

g P O
Pumpe ;
@) Condenser
Expansion Tank
| Boiler
Pum
(b) Heat Radiator

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

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

. Two pipe system.

. Three pipe system.
. Four pipe system.

AW N

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

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

Direct Return
1 | i 2 f I I i 3 ? | 4
HWS 40 30 20 10
—> —p- = -
= ED | < I | < b | < 10
~  HWR
Pump
Reverse Remurn 10 gpm 10 gpm 10 gpm 10 gpm
HWS 40 5 30 5 20 % 10
| 10 | 20 | 30 40
> > > P
Pump The piping circuit loops to all four terminals are the same. The system is self-balanced
HWR < 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.

4-3 / Elements of pipe system:-

1. pipes :- from glovanized steel or black steel.
2. Elbow :-change the direction of fluid

3. Tee:- use with branches

4. Reducer :- decrease the diameter of pipe .

5. Union: - connect two pipes together.




H
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6. Gate valve: - used for on I off it used with each A/ C unit.

7. Globe valves: - to control the water flow rate.

8. Check valve: - used to prevent the flow of water in opposite direction / pumps.
9. 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.

4-4/ Pumps types:-

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

Impeler Vane.

Valute
D Shaft-
E\‘f':' Chamber
Casing
(@)
Thutd out |
= ©
(b) lﬁl ’ reversing from I: Ij
Eﬁ"""_,’— pressure to '.I | |
-. Py skectlon area B s | |
= & "j';f:—_—— o Q_ "2l ¥

_an | pwidin (o [ 0

] P ‘-v-]J- |
G - o | \A |
U /| slienaea | — = U |

119948 Encgslopassia Britannl I

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 = Py = P, = P3 = ---.

—» Q, —»Q,+0Q,

Delivery
Pipe No 2

Delivery
Pipe No 1

Pump
No 1 T No 2

Figure 4-4 pumps in parallel connection
4-5-2/ Series connection:-
Piotasr =Py + P, + P+ -
Qtotar = Q1 = Q2 = Q3 =

ISOLATION VALVES THROTTLE VALVE
/ PUMP B .-/
PUMP A - o
- > Ve *
«, U St

Figure 4-5 pumps in series connection

4-6/ Pumps Law

1 2 1 2
Po=(Pat5pVE)= (=5 W)

Where:-




"‘uk Technical Institute Mahmoud H. Khaleel. Lecturer 2024/2025

P, :-static pressure at discharge line.
P;:- static pressure at suction line .
VZ:- water velocity at discharge line.

Vi2:- water velocity at suction line.

4-7/ Pressure calculation in the system :-

4-7-1/Closed system:-

Expansion Tank

e

| Coolingcoil

] Chiller

h, :- head pressure in the system (minimum pressure). Or static pressure (p,)
Po=p-g-ho = F

4-7-2/Open system :-

Cooling Tower

-

Hot water

—

| Condenser |

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

ho=p.g.ho = K
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4-8/ Pump power:- (W)

A mount os energy supplied to the water .
W, =0Q.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

)
Ws

¢

W, :- power consumed by pumps impeller

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 .

@50 Kpa

1

00 Epa { _1‘_‘_‘1 _________________________
Cooling coil

Pressure due to Im of water is:-

Solution :-

P=pXxgxh=1000%x9.81%x1=9810pa < P = 1.89%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:
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Figure 4-6 friction loss — flow rates piping losses chart
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

(ealayd dde o Y e
3 1 - 1 i =T
b =20 | g2y | V= 38N] 1 —(400] “2(50))3¢ra) A
4 4 2
oS
16 21 26 31 42 65 90°
11 15 18 22 29 45 45°
08 10 13 16 21 30 Jip o0 |
2% 38 47 56 15 | B | 00/,
63 83 104 125 167 25 4—'1’ B 500/,
143 187 234 281 375 56 o s 337/,
25 333 416 498 667 100 | (e gt 25°/,
\..:l_J.L.J
187 250 338 368 500 66 (gsb) $15
08 10 13 16 21 S0 (ks )i gty
16 21 26 31 42 65 | (gyta)sla
36 42 52 62 83 125 (gye) i
06 08 10 13 17 25 Al
47 63 78 94 12:5 19 BAddmy

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.
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h e
\ ]

~—~— - g
20 40 60 8O 00 (“1¢] 140 160 80 200 220 240 260

Waker TemfQ. €

CORRECTION FACTOR

)

(=]

Figure 4-7 correction factor with water temperature chart

Ex4-2:- find the equivalent length for a pipe (d=50mm) and its length (40m) , consist of :- 1
globe valve , two long elbow 90° , 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 = 632.5%61.6 = 38.931Kpa

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. Above the discharge line of the pump by ( 1.5m).
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————— Fxpansion Tank

h=40m
B Isuctionline @ 1.5m
D

Pumi ischarge line

Solution:-

h, =40m > P, =P,

P, = pxgxh,=1000x9.81 x40 = 392400Pa = 392.4Kpa

Pressure due to (0.5mH20) =p X g X h, = 1000 X 9.81 X 0.5 = 4905Pa = 4.905kpa
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) = p X g X h, = 1000x 9.81 X 1.5 = 14715pa
= 14.715kpa

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

Water head = P=pXgXxhe= 4277 x1000=1000x9.81 X h = h =
43.598mH20
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Sheet NO 4

Q1:- 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 .

@50 Kpa

1

s | I —
Cooling coil

Q2:- find the equivalent length for a pipe (d=50mm) and its length (40m) , consist of :- 1 globe
valve , two long elbow 90° , 1 tee with 50% by pass ?

Q3: If the system in previous example transmits chilled water with (3.5kg/s) and its
temperature (8°C) find the pressure drop in system.
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Chapter five
Air conditioning systems and air filtration
5-1 Airconditioning 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\‘

|

|

@c‘[um- air

Space

Figure 5-1 all air system

5-2-2 All — water system

Space
Supply ai
Fan coil / upply att
® el
Outsidq': ;—B « —>
air I ®
Return air «— /

4 Warm or cold water

Figure 5-2 all water system

5-2-3 Air —water system
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Space

/ Supply air
/
_

Induction
it .
ik /q +— 4 Returnair

4 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

5-3 Cleaning of Air (Filtration)
5-3-1 Operating characteristics:-

There are three operating characteristics that distinguish the various types of air cleaners . These
are:-
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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
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
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Dirty Air Ionizer Collector Clean Air

Figure 5- 4 Electrical air filters
Water supply

yzzle
— e | T
Dirty air in = ;
o Ze| Clean air out
Water sprays St

Collected water

Figure 5- 5 wet air filters

Clean Air

Dirty air in
—e

Dust'collected

Figure 5-6 Centrifugal collectors air filter
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Q1/ What are the types of heating, ventilating and Air-conditioning (H.V.A.C) system.

Q2/ What are the operating characteristics that distinguish the various types of air cleaners.

Q3/ what are the Atmospheric contaminants.
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