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First Term

Chapter one: Introduction and definitions:
Lecture No. 1

1.1: Review of basic principles
Air conditioning : Is the science and practice of controlling the indoor climate in term
of temperature , air motion , humidity , air purity and noise.

Refrigeration :Is the process of removing the undesirable heat from a given body to
maintain it at a desired lower temperature .

1.2: Moist air :
Working substance in air conditioning is the moist air which is a mixture of two
gases . One of these is dry air which itself is a mixture of a number of gases and the
other is water vapor which may exist in a saturated or super heated state . Both are
treated as perfect gases since both exist in the atmosphere at low pressures . In
addition Gibbs-Dalton laws for non reactive mixture of gases can be applied to the
dry air part only to obtain its properties as a single pure substance .

T1 = Tz =T

Vi=V,=V

P, +P, =P

mi+m=m

PiVi=mRT; & P,Vo=myRT,

Pi=Pa+Py

mzh; + myh, = mh

1.3: Properties of moist air : The properties of moist air are called psychrometric
properties and the subject which deals with the behavior of moist air is known as
psychrometry . In air conditioning practice all calculations on the dry air part since
the water vapor part is continuously variable . The actual temperature of moist air is
called the dry bulb temperature DBT . The total pressure which is equal to the
barometric pressure is constant . The other relevant properties are :



Humidity ratio, RH, DPT, h, Cp, and WBT.

Humidity ratio or moistur cntent ( ® ) = my/m, =VIVi/VIVa=Valv,
o =0.622 P,/P, =0.622 P,/(P+-P,)

However the vapor pressure may be given by the following equation :
Pv =Ps-P,;A (DBT - WBT)
Where A is constant =6.66 E-4 °C™* & P, - atmospheric pressure
Relative humidity (RH) :
(RH=® %)= vgvy, =P,/P;
DPT ( Tq) : Is the temperature of saturated moist air at which the first drop of dew
will be formed the moist air is cooled at constant pressure i.e. the water vapor in the
mixture will start condensing .
Enthapy of moistair (h):h=h,+ o h,
ha=Cpa T=1.005T
h,= pr Tg+ hfg + Cp\, (T- Td) at T4=0.0
hy=2501+ C,, T =2501 + 1.84 T
h=1.005T+® (2501 +1.84T)
Humid specific heat (Cpn) = Cpa+ ® Cpy
Wet bulb temperature (WBT ) : Is the temperature of moist air reads by a wicked
bulb thermometer with its wick is thoroughly wetted by water .

1.4: Sensible and latent heats :

Sensible heat ( Qs) : Is the heat added or removed from the moist air at constant
moisture content (o ) .

Latent heat ( Q) : Is the heat added or removed from the moist air at constant DBT
i.e. inceases or decreases its moisture contents .

1.5: Examples :

1- Calculate the vapor pressure of moist air at a state of DBT = 20 ¢,
WBT =15 ¢ and Py =95 kPa

Solution : from steam tables for P, - 101.3 kPa the saturation pressure
Ps-1.704 kPa at WBT =15¢.

Use the equation of vapor pressure :



Py=1.704 -6.66 E-4 * 95. * (20 -15)
=1.388 kPa
2- Calculate the relative humidity of moist air the state condition of example 1.
Solution : at DBT = 20 ¢ the saturated pressure Ps = 2.337 kPa therefore
®%=P,/Ps=1.338/2.337=595% .
3- Calculate the moisture content of moist air at the same state condition of example 1.
Solution : ® =0.622 (P, /P;) and P,=Py-P, =95.-1.388
Then ® =0.00923 kg water vapor / kg dry air .
3- Calculate the dew point of moist air at the same state condition of example 1.
Solution : the vapor pressure of moist air at this state has already been calculated as
1.388 kPa . At its dew point temperature the moist air must have a saturation pressure
Equal to this value .Therefore from steam table at this value (i.e 1.388 kPa ) the
saturation temperature is approximately 12 ¢ which represent the dew point
temperature of the moist air the accurate value by interpolation is ( 11.57 ¢) .
4- Calculate the specific volume of moist air at similar state of previous examples .
Solution : use the ideal gas law to the dry air alone .
Va=m, Ry Ty /Py
Pa=Pa- Py - P,=95000-1388 =93612 Pa
Then V,= 1. * 287 *(273+20) / 93612
=0.898 m®
Alternatively we can consider water vapor mixed with the dry air .
Vy=my Ry Ty /Py

V, = 0.00923 *461 * (273 + 20) / 1388 =0.898 m® ;
where for one kg of dry air @ = m, = 0.00923 kg water vapor / kg dry air

It can be seen that the volume of dry air and that of water vapor are the same as expain
earlier V=V,=V, .

5- Calculate the approximate enthalpy of humid air at DBT =20 ¢ and WBT =15¢
and 101.325 kPa .



Solution : h =1.005* 20. + 0.00923 * (2501. + 1.84 * 20.) = 43.5 kJ/kg .

H.W. :Calculate (i) Relative humidity ,(ii) Humidity ratio , (iii) Dew point temperature ,
(iv) Entahlpy of moist air when the DBT= 35 ¢, WBT=23 ¢ and the Pa = 101.35 kP .

Steam tables :
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Lecture No. 2

Chapter two: Psychometric processes:

2.1: Psychrometric Chart :

All data essential for the complete thermodynamic and psychrometric analysis of air-
conditioning processes can be summarized in a psychrometric chart .

PSYCHROMETRIC
CHART

Based on a barometric
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The chart which is most commonly used is the o vs. t i.e. achart which has
specific humidity or water vapor pressure along the ordinate and the dry bulb
temperature along the abscissa . The chart is normally constructed for a standard
atmospheric pressure of 101.325 kPa corresponding to the pressure at the mean sea
level . A typical layout is shown in the figure . The procedure of drawing various
constant properties is now considered .

The saturation line represents the states of saturated air at different temperatures .
The saturation line on the chart is ,therefore, the line of 100% RH since for all points
on this line P, = Ps .

Similarly one can show the lines of constant thermodynamic Wet bulb temperature ,
constant specific enthalpy and constant specific volume .

The particular psychrometric chart given in the figure is for normal DBT range of 0 ¢

to 50 ¢ and humidity ratios of 0.0 to 0.03 kg/kg dry air . Psychrometric charts for
other conditions such as subzero or high temperature can also be prepared .

Properties of Air

Hharviiby Pl gradnedts of dry o)

i ®E 1§ & £ ¥ E OE E ¥ & E EHE E E = EI TiE

Dry-Buls Tors i )

The lines of the psychrometric chart represant five physical properties of air:
dry bulb, wet bulb, dew pomnt, humidity ratio, and relative humdity.
If any two ofthese properties are known, the remaining properties can be
determinad from the chart.

Examples :



1- A sample of moist air has a DBT of 43 ¢ and WBT of 29 ¢, find using the
psychrometric chart the following :

a- Specific humidity

b- Relative humidity

c- Dew point temperature

d- Specific enthalpy

e- Specific volume .

2- A sample of moist air has DBT of 24¢ and at a saturation state , find using the
psychrometric chrat the followings :

a- Specific humidity
b- Relative humidity
c- Dew point temperature
d- Specific enthalpy
e- Specific volume .

3- A sample of moist air has DBT of 30 ¢ and with dry state , find the following
using psychrometric chart .

a- Specific humidity
b- Relative humidity
c- Dew point temperature
d- Specific enthalpy
e- Specific volume .



Lecture No. 3

2.2: Basic air conditioning processes:

Sensible heating, sensible cooling :

Effect of Adding Sensible Heat
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Effect of Sensible Heat and Moisture Changes
When sither the sensible heat content or the moisture content of air changes,
the point on the psychromestric charnt that represents the onginal air condition

moves to a position that represents the new condition of temperature and/or
humidity.

For example, if sensible heat iz added to air, the air condition moves
horzontally to the nght.

Effect of Removing Sensible Heat
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Corversely, if sensible haat is removed from air, the air condition moves
horzontally to the left. As long as the molsture content of the air remains
unchanged, the humidity ratio remains the same. Therefore, this movement
follows the horizontal hurmidity-ratio lines.



Humidification, dehumidification:

Effect of Adding Moisture
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On the ather hand, if moisture iz added to air without changing the drg-bulb

temperature, the air condition mowves upward along a dry-bulb temperaturs
lina.

Effect of Removing Moisture
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Finally, if moisture iz removed from the air without changing its dry-bulb

temp=rature, the air condition moves downward along a dry-bulb tempsrature
lire.



Cooling and dehumidification:
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Adiabatic cooling :

The process of adding latent heat and removing sensible heat at constant enthalpy as
in the air cooler .

0.025

0.020

0.015

0.010

Maoisture content (ka'kg) (dry air)

0.005

1] 10 2021 a0 40
Dry bulb temperature (°C)

e . S .

Examples :

1- Air at a state of DBT =14 ¢, RH= 50% is passed through a heating coil . The
DBT is increased up to 42 ¢ . The moisture content remain constant in this process.
Find : @) WBT of the exit air. b) The dew point temperature. c) The sensible heat
added by the heating coil for 1.0 kg/s of air .{answers a) 19.5¢, b) 3.9¢, c) 28.6 kW}

2-Air at condition of DBT =45¢, RH=20 % enter to an air cooler and exit at
RH=60 % . Find : a) DBT of exit air . b) The moisture content (® ) at exit . ¢) plot
the psychrometric process . (answers a- 31.5¢ , b-55kgwv /kgda).

3- Moist ait at DBT =30¢ and WBT = 25¢ enter a cooling coil and exit from it at
saturation state with DBT = 15 ¢ . IF the air is supplied to the coil at 3 m* /s find :

a) All the properties of air at inlet and outlet . b) The sensible heat that has been
removed by the cooling coil . ¢) The a mount of moisture that has been removed from
the air by the cooling coil. ( answers a-hi, = 76 kJ/kg , ®1=0.081 kg wv/kg da ,
vi=0.882m /s , RH; = 66. Tap =23.2 ¢, hp =42 kJ/kg , ©2 =0.0107 kg wv /kg da ,
Vo= 0.831 m*/s , RH,= 100 % b- 115.6 kW c- 0.0248 kg wv/kg da ) .



Lecture No. 4

Mixing process: Adiabatic mixing of different quantities of air in two different states
at constant pressure . The conditions of the mixing state may be found by the
following relations and as shown the figure below :
Ts=(MyTy+myT2)/(Mg+my) or;

hs=(mihy+myhy)/ (M +my)  or;

o3=(Mo;+myw)/ (M +my) ;where m in kg/s

It is acceptable practice in air conditioning to use volume ratio rather than mass ratio:
Ts=(viTi+VvoT)/(vi+Vvy) ;similarly
hs=(vihyi+vohy)/(vi+vy) ; andsimilarly for o

w3=(Vio1+Vomp)/ (Vi +V,) where v in m¥s

Diry-bull temperature

Example :

Two air streams are mixed the first at DBT=21¢ ,WBT= 14¢ and the second at

DBT=28¢ ,WBT= 20 ¢ with mass flow rates of 1 kg/sand 3 kg/s for the first and

second respectively . Find the moisture content ,enthalpy ,and the DBT for the

mixture and plot the process on the psychrometric chart . (answers : 0.01 kgwv/kgda ,
52.15kJ/kg, 26.25¢).

2.3 : Psychrometric analysis and air conditioning cycles :
These analysis include summer air conditioning cycle and winter air conditioning
cycle which may cover the four basic combined processes discussed previously :-




1- Cooling and dehumidification process: There four methods that may be used to
carry out the dehumidification process . a) cooling the air to temperature below its
dew point, b) using absorption process , d) using adsorption materials, ¢) compress
and cool the air . The first method represents the normal practice to cool and
dehumidify the moist air in air conditioning systems .

2-Humidification of air : It is take place by injecting saturated or super heated
steams inside the air conditioning ducts using fine nozzles and the equipment is
called a humidifier.

2.3.1 Summer cooling and dehumidification processes:
1- All outside air :
2- All return air :
3- Mixing of fresh air with return air : as shown in the figure below .

Psychrometric
Analysis ' - /

SA

The resulting psychromeatne chart plot represents the changes that a volume of
air undergoes as it travels through a typical air conditioning system.

In thiz illustration, recirculated air & iz mixed with outdoor air B, producing a
mixed air condition €.

Thiz air mixture passes through the cooling and dehumidifying cail, with the
changes in dry-bulb termparaturs and humidity ratio representad by the coil
curve from € ta 0.

Thiz supply air D enters the room and mes with the room air along the SHR
lime frorm D to A, absorbing the room’s sensible and latent heat gains, to
maintain the room at desired conditions A,

Again, for this specific supply air condition, a specific aiflow iz required to
maintain the desired room conditions,
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Sensible Heat Ratio ( SHR ) = Sensible heat/Total heat
SHR = Qs /(Qs+Qi).

By Pass Factor (BPF) : Is the factor that determine the quantity of air that by pass the
cooling coil with out contacting its surfaces .

BPF :( Ts - TADP) / (Tr - TADP )
Where Tapp is the apparatus dew point temperature of the cooling coil .

Calculation procedure :
In order to solve the psychrometric questions the following steps should be done :

1- Mark the inside and out side design conditions on the chart .

2- calculate the SHF if the sensible and latent heat are given , and plot it as a parallel
line starting from the inside design conditions.

3- Plot the assumed supply condition of RH=90 % . IF other conditions is given plot
them and neglect this value .

4- |F a state of mixing is given , calculate the mixing conditions and plot them on the
line between the inside and out side conditions .



5- Connect the mixing point with the supply point by a line and find Tapp Which
represent the point where this line cross the saturation line.

6-Use the following equations to calculate the required variables :-

Qs=1.22 Vs (T, =Ts) , this can be used to find Vs .
Qeoil =1.2 Vs (hm—=hs) , if there is mixing
Qit=1.2Vs (ho—hs) , forall ouside air
Quil=1.2Vs(hy=hs) , forall return air

Myap = Ms Aw and the condition as in Qcil

Quwater = Mwater Cp AT yater Where Cp = 4.2

Examples :

1- An air conditioned space is maintained at DBT= 24 ¢ and RH=50% .The out side
condition is DBT=38 ¢ with WBT= 27 ¢ .The space has a sensible heat gain of 24 kW
and latent heat gain of 6 kW . Use all out side air system and find :-

a) the supply condition of the air if the relative humidity at the supply point is taken
to be 90% . b) volume flow rate of supplied air . c) the total cooling load of the
cooling coil . d) the chilled water volume flow rate if its temperature rise is 5.6¢ .
(answer : Ts= 12.2 ¢ , hy = 32.6 ki/kg , Qcoit =95.6 KW , 4.06e-3 m*/s )

2- The sensible heat gain of a given space is 50 kW and its latent load is 15 kW . The
inside design condition is 26 ¢ with 50% relative humidity . The space is air
conditioned using all return air system .Find by assuming 90% saturation for the
supply air . a) the supply conditioned of the air  b) volume flow rate of supplied
air c) cooling coil load .

(answers : Te= 14.5 ¢ h=38.2 ki/kg ,vs= 3.56 m*/s , Qcoil =60.5 kW )

3- An air conditioned space with inside design condition of DBT=25.5c ,WBT=18 ¢
has a sensible heat gain of 17.5 kW and a latent heat gain of 12.3 kW . The space
required an outside air of 0.35 m®/s at DBT=32.5 ¢, RH=50% . Find a) the state of
the supplied air and its mass flow rate , b) cooling coil load , ¢) plot the process on
the psychrometric chart and calculate the BPF .

(answers: Ts=11.5 ¢, hy=29.5 ki/kg ,ms =0.813 kg/s , Qcoil=24.8 KW , BPF=0.25)

Air Conditioning Cycles : There are two air conditioning cycle one for summer air
conditioning and the other for winter air conditioning . The summer cycle is as
explained previously of three types i.e. all out side air , all return and mixed air .

The winter air conditioning cycle can be done into two methods . The first method is
to preheat the air and then cooling it adiabatically up to a given point and then reheat
it to the supply conditions . The other method is to heat the air and then used an air
washer to humidify the air up to a given point then reheat it to the supply conditions .



Example :

An air conditioned space is need to be maintained at DBT =24 ¢, RH=50% . The
sensible heat loss of the space is 66 kW and its latent is 16.5 kW . The space required
28.3 m*/min fresh air .The outside design condition is DBT=7 ¢, RH= 80% .

a ) plot the air conditioning process on the chart . b) find the mass flow rate of the
supplied air given that Ts=49 ¢ , c) the heating coil load d) the humidifier heating
load , e) the amount of steam required by the humidifier .

(answers ms=2.77 Kg/s , gcoii=78.0 KW , Qnum= 16.9 KW , mya,= 0.00825 kg/s )



Lectures No. 5§ &6

Applications : The following examples represent practical applications to the
psychrometrics processes in air conditioning field .

Q1- 30 cmm of stream of moist air at DBT = 15 ¢ and WBT= 13 € are mixed with 12
cmm of a second stream at DBT = 25 ¢ and WBT= 18 ¢ . Determine the DBT and
WRBT of the resulting mixture .

Use the mixing equation for DBT :

DBT,, cmmy = DBT) cmm; + DBT; emm;,

DBTy=16¢

Locate on the psychrometric chart the three points ( i.e. point 1, point 2 and the
mixing point ) . From the chart you may find the WBTy= 14.5¢.

Notes :
i- You may given the flow rates as a ratio of one stream to the other (for example
mix one part of the first stream to three parts of the second stream)
The mixing equation then takes the following form :
DBTy= DBT; (Vi/Vm) + DBT2 (V2/Vim)
Where : V=V, +V2 =1+3=4 ,
VilVep= 1/4=025 .
Vao/Vu=3/4 =0.75
Substitute and find DBT,,

ii- You may given the flow rates as a percentage ( % ), (for example , 80 % fresh air
is mixed with 20 % room or return air ) .

The mixing equation then takes the following form :
DBT, Vi, = DBT, V. + DBT, V,

Or:

DBT,, = 0.8 DBT, + 0.2 DBT;

Where : V,=0.§+0.2 = L.0or 100 %

Vo/'Vie= 0.8 or 80 %
ViVe= 0.2 or 20 %

9



2- In an air conditioning system 39.6 cmm of a mixture ( room air and fresh
outdoor air ) enter a cooling coil at DBT=31 ¢ and WBT= 1 8.5 ¢. The effective

surface temperature ( T app) of the coil is 4.4 ¢ . The cooling coil capacity ( Load ) is
12.5 kW Determine :

a) the dry and wet bulb temperature of the leaving air from the coil
b) the by pass factor ( BPF) of the coil .

Q{n'ﬂ = I.E '\,I's “'tm e h-!_ } WhETE VS i“ I'ﬂ].l"S
V=399 /60

Find h,.36.7 ki/kg . Connect the point of mixing , the supply point and the ADP
where the Tapp lies on the saturation line . Find the wet and dry temperature of the
supply state or as it called in the question the state of air leaving the coil .
DBT=18.6¢

WBT =12.5¢

Use the equation of the bypass factor
BPF ={ Ti _-I-.n'luDP } J"{ Tm -T_q,np} =().53

)3- The sensible heat and the latent heat gain of a given space are 20 kW and 5 kW
respectively . The inside design condition of the space are DBT =25 ¢, RH=50 %,
The out side design condition are DBT =43 ¢ , WBT =27.5 ¢ . The room (return ) air
is mixed with outside (fresh ) air before entering the cooling coil of the air
conditioning plant in a ratio of 4:1 by volume . The supplied air may be taken 1.3 cms.
Determing :

a) Tanp

b} the condition of the leaving air ( the supply condition )

¢) the dehumidified (supplied ) air quantity

d) ventilation ( outside ) air load

e) the refrigeration (cooling ) load of the plant .

Solution :

Find the mixing point as before .

Locate the given conditions and the mixing point on the chart
Calculate the SHF

SHF = Q./Qy = 0.8 and plot it on the chart

Find the the supply state ( i.¢ the temperature or enthalpy )

Q==1422V5{Tr_1—:.} OR Ql’w!rzvs(hr—hs}

T=133¢ or h=352klkg

Locate the supply conditions on the chart .

Connect the mixing point and the supply point up to the saturated curve . This will
give Tapp= 11.6¢.

Find the ventilation load Quu = 1.2 Vg(hy - hy) = 11.8kW

Find the refrigeration load Qgor= 1.2 Vi(hw~ hy)=36.8 kW



We need to find the point before the air entering the air washer and this is obtained

using the saturation efficiency of the air washer to find Waarated 85 :

= (L = W ¥ (Wsanursied — Wn ) Weauraned = 8.72 gwv/kg.da

where the supply point ( s ) is the point between the mixing state and the saturation

state that cut the SHR line say point (1).

The location of point 1 on the chart gives the conditions of air entering air washer:

T =116 WBT, =115 hy=33 kl/kg

At air washer the temperature of water may be assumed to be
Twm.,-, out ™ WBFI‘I

Use the heat balance in the air washer between air and water gives
My ©Pw ATy = my (hy —hm}

Toster tn = 34. €

Make up water = m, (W) — W ) = 0.25 kgl/s
Qmakeup= M CP AT makeup AT makeup™ 34 -20
qwul:ar =m Gi} .ETW ﬂTmmr = 34 = 11’5

Qispray water = Qmakevp T Qwater

Qruhﬂl= 1.22 Ul ‘: T"—'T1 } = 129” kW

843
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Q4- The following data apply to an air conditioning systems :

Room sensible heat = 10 kW

Room latent heat =10 kW

The inside design conditions is DBT=25¢ , RH=50%

The outside design conditions is DBT =350, WBT=278¢

The mixing ratio of room air to fresh airis 4: 1

The room air is mixed with the air after the cooling coil in the ratio of 1:4
The cooling bypass factor is 0.1

The air may be reheated if necessary before supplying to the room

The apparatus dew point temperature Tapp= 10 ¢ . Determine :

a) Supply air conditions

b) heat load due to reheat

¢) coil capacity in Tones Refrigeration (TR)
d)the quantity of fresh air supplied

e)plot all the psychrometric processes.

Solution :

Find the first mixing point Tpyi=27. ¢

Find T,y = 11.7 ¢ from the BPF

Find the second mixing point Ty = 144

Find SHF = 0.5

Find T.2=21.8 ¢, you can see that this point need to be preheated .
Find Vi=153.2 from Q=122 V;( T, -T2 )

Find the reheat load Quehent= 22.5 kKW

and refrigeration load Q= 64.7kW =64.7/3.51 = TR

(35 In an indusirial application for winter air conditioning an air washer is used with
heated water spray followed by a reheat . The room sensible heat factor may be taken
as unity . The design conditions are :
Inside DBT =22 ¢ , RH=50% ,Outside DBT= 0.0 ¢ and dry
Room heat loss = 703 kW
Ventilation air quantity = 1600 emm
Supply air quantity = 2800 cmm
Spray water quantity = 500 kg/min
The air washer saturated efficiency is 90%
The make up water is available at 20 ¢
Caleulate a) the supply conditions to the space
b) the entering and leaving conditions at the spray chamber
c) the entering and leaving spray water temperatures
d) the heat added to the spray water
¢) the reheat if necessary .
Solution:
Find Ty, =943 ¢ and plot the inside outside and mixing conditions on the chart
Plot SHR= 1.0 starting from the inside design conditions .
Caleulate T; using Q=122 V,(T,-T,) ., T,=343¢
Plot T, on the chart .
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Lecture No. 7.

Chapter three: Thermal comfort and design
3.1: Inside air design conditions:

The general practice is to recommend the following optimum inside design conditions
for comfort Summer air conditioning :

DBT=25.04 1.0 °C and RH=50+5% . The corresponding room velocity is
0.4 ms.

During winter the body gets acclimatized to with stand lower temperatures .
Consequently the following Winter design conditions is quite comfortable :

DBT=21°C atRH= 50% and airvelocity of (0.15-02) m/s.

3.2: Qut side air design conditions :
See the air conditioning tables or weather data for lraqi Cities .

1.3: Comfort zone for Summer and Winter :
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Lecture No.

Chapter Four: Cooling load calculations:

Cooling load is the rate at which heat must be removed to maintain the temperature
and humidity required at design values through :

Structural components ,

Windows ,

Infiltration |

Occupants and appliances .

4.1 : Cooling load through structural components :

The Cooling Load Temperature Difference (CLTD) method will be used to calculate
the structural componenis load This method combine the effect of the temperature
difference between indoor and outdoor , solar radiation and considered thermal
capacity of the enclosure .

Q=UA(CLTD) where :

U : overall heat transfer coefficient
A : area of wall ,roof ,or glass
CLTD : cooling laod temperature difference given in tables for walls .roofs and glass

4.2 : Cooling loads through windows:
I

Q=A SHG SFCLF , where:

Solar Heat Gain { SHG ) includes effects of both transmission and solar radiation |

SF is the shade factor,
CLF is the cooling load factor.

4.3 : Cooling load through partitions .ceiling , and floor ¢

u , L]
Q=UA {-Tq,—'I.E-) wherely 15 theadjaceni-spaeetamperire 5 v, L-;_-,
OT= & (To=T) Svmman
4.4 : Cooling load due io ventilation and infiltration :

Q=pVep(To-T) = hzr Mg CTo-TH) .

QI - 25':“] p vﬂnw{ wl‘] i wi :I = t,qﬂ" UFL_. {. [A)“ - L‘Jr} r‘{t: 4}“.4-

Where : Vo is the ventilation requirements from standard tables .



4.5: Internal cooling load due to occupants , lights and appliances :

People :

Q=70 W/person or from tables according to activities
(Js =N * ( sensible heat gain ) * CLF

Ql =N * (latent heat gain )

Where N is the number of people in the space and , CLF is cooling load factor .

Lights :

Quc. =W F,F,CLF . where: W is the watts input of the light , F,, is lighting use
factor , F; is special allowance factor.

Power :

Q,=P E;CLF where P is power rating , Ey is efficiency factor .

Appliances :

Q =470 W for both kitchen and lnundry for single family

=350 W for multi-family

For latent cooling load calculate for individual components or estimate as 30% Qs .
OR :

(s = sensible heat gain * F,

Ql = latent heat gain * F,

Buamploss
:{:Q frnal,'d‘)‘:a 5

S'F emmpln.  leahun (q ¥ 10911)

Load of Puy hbions
Gl Up « P i
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Lecture No. @

Chapter Five: Heating load calculations:

5.1: Calculation procedure:

Heating load through structural components and windows:
Q:=UA(Ti-T,)

Heating load through floor:

Qs =UA(Ti— Tearmn )

Heating load by infiltration: ,
Voluwe » =

= 1.22 Viasmraion ( Ti=Ta ) Ulll'l',' {: = Lrs e

L= 2940 Vinfinration ( Wi— Wy ) — cAnma, e (2 o=

. H : P“-H‘a 1l jr ¢
Where :U is the overall heat transfer coefficient Lope » 2
A is the area of the wall ,roof or floor Wo: whorm 5 arindeods G"s
T, is the outside temperature of the space one Side ek, doovy hinad 7
T, is the inside temperature of the space fic s 5 . M I :
Tearn 1% the floor temperature of the space T : ¢ 2
p is the air density . L ) ,

V is the volume flow rate of the infiltration air Cawy ot S
W, is the moisture content of the outside air
W, is the moisture content of the inside air

5.2: Ventilation :
The ventilation load can be estimated by knowing the amount of the fresh air
required by the given space .This can be found in tables according to the
function of building . If the amount of ventilated air is known then the ventilation
load may be estimated by :

me:: 2" 1IIIIIr'm:ﬂl': h1 _hu j
This load represent the total load for ventilation ie(sensible + latent )
5.3: Quantities of air required for heating (cms)
W, = M122(T,-T. )
5 Q’i Q;

5.4 : Applications : GL

¢ | sHr




Lecture No. £ O
Chapter six: Air conditioning systems

6.1: All air systems: It is consist of the following systems :
a- Constant air volume systems
b- Variable air volume systems
c- Reheat systems
d- dual duct systems
e- Air side economizer

Constant air volume system

Jo
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6.3: Air water systems : It is consist of the following systems :
a- Air water induction systems
b- fan coil systems : two pipe ,three pipe or four pipe systems

:l,r' F)
17/ 2
7 ]
é:mnr.: .
7 11 ﬁ |
. 7 2
= ;5 4
! /
O g 2
? %
f‘
o
V
k|
? = gm 4
7 ; A
7 A, 7
. B Vitrriiiriiiirac il
Fan coil unit Fan coil unit Induction systems

6.4: Unitry and hybrid systems : It is consist of the following systems:
a- Incremental units ,examples motel units and large single zone units .
b- Heat pumps , air to air heat pumps , water to air heat pumps .
¢- Heat recover system , air to air heat exchanger, heat wheel and heat pipe.
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Dual duct system

6.2: All water systems : It is consist of the following systems :

a- Fan coil
b- Unite ventilator
¢- Radiant panels
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Lecture No. ||

Chapter seven: Fans and duct design:

7.1: Types of fans

Air Conditioning Fans

centrifugal

Efficient distriibution of conditionad air needed to heat, cocl, and ventilate a
building requires the service of a properdy selectad and applied fan.
The types of fans cammonly used in HVAC applications include cantrifugal and

axial designs. In a centrifugal fan the airflow follows a radial path through the
fan wheel. In an axial fan the airflow passes straight through the fan, parallel

to the shaft.

Fan Selection

e & W
4 Forward curved (FC)

» Lower aiMow, lower statlc pressure, lOwer st cos!
4 Backward inclined (BI) or airfoil [AF)

« Higher alfMow. higher slatic pressure, nigner eficlency

4 Vaneaxial
# Limiles space

4 Variable-pitch vaneaxial (VPVA)
» Large eysiems, nigher Emow

The selsction of the type of fan to be usad in a particular application is based on
the system size and space availability.

34
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Total Pressure

t weluily
} et
stalk
pressine

lotal pressure (P)) = static presswre (P, + velocity prassure i)

The total amaount of pressure generated by a fan has two components: velocity
prassure and static pressure. The velocry pressure is due to the momentum
of the air as it moves axially through the duct, while the static pressure is due
to the perpendicular outward "push”™ of the air against the duct walls.

The total pressure is the sum of the velocity pressure and the static pressure.

Fan Performance Curve

bhexckeed-nght
slalc pressure | 1 i |

§ | |,

| I— |

P

When a series of points is plotted, a curve can be drawn. The resulting curve
graphically illustrates the performance of this fan when it is oparatad at a
constant speed.,

Natice that the curve extends from blocked-tight static pressure, with a
corresponding zero airflow, to wide-open aiflow, with a comresponding zero
static pressurs.



7.3: Fans laws;

Airflow, Fan Spead,
Aiflow, ~ Fan Speed,

Static Pressure, [Fan Spaadgf

Static Pressure;  \Fan Speed,

Input Power, (Fan Speed 2]3

Input Powery ~ \ Fan Speed,
Static Efficiency
_ . _ Power Out
Static Efficiency (SE) = Power In

_Airflow ~ Static Pressure
Constant = Input Power

7.4: Air Duct design methods:

The essential economics of an air transmission system is achieved by a proper balance
between the initial cost and operating cost for the given flow rate of air . The initial
cost is determined by the cost of the duct system which is depends on duct sizes .The
operating cost is determined by the fan power consumption which depend on the
pressure drop in the air handling equipments and duet system .The pressure drop can
be reduced by increasing the sizes of the ducts but this will increase the initial cost .
Hence the need for a proper balance . A few general rules are stated in referenc (1)
which should be followed in the design of ducts .

There are three common methods for sizing of ducts , they are :

a- Equal friction method
b- Velocity reduction method
c- Static regain method .

Z6



7.2: Fans conneclions

System Resistance

System Static-Pressure Control

¥4

3?



The first method will be used for its simplicity .In this method the frictional pressure

drop per unit length of the duct is maintained constant throughout the duet system.
The procedure is to select a suitable velocity in the main duct from sound level
consideration or to choose a suitable value for the pressure drop (1.0-1.5 Pa/m ).
Knowing the air flow rate and the velocity or pressure drop the size are determined
from charts .This method of sizing the duct system automatically reduces velocity in
the direction of flow.,
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LECTURE No. 16 & 17
DESIGN OF PIPING SYSTEMS :
Types of piping system : The piping systems are divided into two types :

Closed system : In a closed system chilled or hot water flowing through the coils ,heater

,chiller, boiler or other heat exchanger forms a closed recirculating loop as shown in the
figure below . In close system water is not exposed to the atmospheric during its flowing
process . The purpose of recirculating is to save water and energy .

Adr-handling units

Ay

Ap_ b

;-

Cooling Coil

. O — )

Evaporator

I 3
= T T"

TR

™
p—

Chilled water purmp

Open system : In an open system the water ix expose to the atmosphere as shown in the
figure below . For example ,chilled water come directly into contact with the cooled and
dehumidified air in the air washer and condenser water is exposed to atmosphere in the
cooling tower . Recirculation of water is used to save water and energy .

Air washer

- Air

in

L I
-

Evaporator

"
A

R

L@J:D
P

(
B —

Chilled water pump



The close systems are consists of the following components :
1- Load unite which represents the terminal unite as cooling or heating coils or radiators

2- Source unite which represent the chiller in cooling system or the boiler and furnace in
heating systems .

3-Distribution systems which represents the piping and fitting of the piping systems.

4- Pump that used to circulate the water in the cooling or heating systems . It is usually of a
centrifugal types with constant flow rates (0.3 I/s with 20 kPa up to hundreds of I/s and
appropriate pressures .

5- Expansion tanks which are of two types

Types of closed systems :

1- One pipe system : A single pipe connect all the system components i. e . the pipe
started from the source unit through the pump to the load units and then return to
the source . The disadvantage of this system is that the efficiency of the last units are
low because the return cold or hot water of all units is added to the same pipe that
supply the end units.

2- Two pipe system : This system has a two pipes one to the supply water and the other
to the return water . In this system the disadvantage of the one pipe system is
overcome . This is the most popular system in use because it is simple and cheep.

Pump
e
_'\T_/’r ;ump Supply main
— ~
E:me __;'J
]
\“'/. Terminal
Diaphragm e % &a‘ E %_
] [ 1T [
Chiller
- 2~ o
o ] b1
Pump
| A
Baoiler \ -{ _'E]_ _| ] 4 ;_
_J H
Draphragm|
tank % |::/|:[LIITI main




Three pipe system : This system can be use in central air conditioning units that used
for cooling and heating in the same time . It has one pipe to supply hot water ,the
other to supply cold water and the third is a common return pipe i. e. the third pipe is
used to return cold and hot water to the chiller and boiler . The disadvantage of the
system is the waste of heat in the third common return pipe .
Four pipe system : The disadvantage of the three pipe system ( i. e. the common third
return pipe ) is overcome in this system by adding a fourth pipe . The four pipe system
can be used in central air conditioning plant with cold and hot circuits separated as

shown in the figure below .

P Haot water Chilled water
i supply main supply mamn
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Boiler = It
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tank // Chillled water return miin !

Ho water returm mgin



Direct return or Reverse return :

In a direct- return water system , the various branch piping circuits such as ABGHA and
ABCFGHA are not equal in length ( figure a- direct return b- reverse- return ). Careful
balance is often required to establish the design flow rates for a building loop when a direct
return distribution loop is used . In a reverse -return system the piping length for each branch
circuits ,including the main and branch pipes are almost equal .

Te |.:||:'|n:|.|- Terminals
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Constand

S —

speed pump

Procedure for sizing pipe systems
The recommended procedure for sizing piping systems is outlined below :

1- Sketch the main lines and branches and indicate the locations of terminal units and
the rate of flow of each unit. Use as short as possible runes .

2- Choose a suitable velocity in the main pipe orriser ( 1.0 - 2.5 m/s), and 1.25 m/s
for branch pipes for D=50 mm or less .

3- Point out the locations of valves drainage and air- vent openings .The drainage should
be located at the lowest point while the air- vent should be at the highest point in the
system.

4- Design the pipe sizes using charts and tables . Do not use an equal pressure drop as in
duct system .

5- Determine the equivalent length for the main pipes branches, fittings ,coils heat
exchangers plus any static head given in open circuits .

6- Calculate the pump total head or total pressure and the pump power required to
deliver the required flow rate . Always use a stand by pump for emergency .



Example -1

Determine the pressure drop in 90 elbow of 25 mm diameter . The water is flowing at mass
flow rate of 0.5 kg/s and temperatureof 60 c .

Example -2

Size the piping required to carry water mass flow rates suchas ( 1, 10,30, 50 kg/s ) at
temperatureof 5 c .

Water pumps :

The total head of a given pump may be determined by :

I'Ipump= {Hd+0-5 *(VD)Z/g = (Hs+0'5*(vs)2/g)}

Where H ,,mp in meter of water and subscripts (d ) for discharge and (s) for suction sides .

Poump={Pd+0.5* P* (V4)*-( P, +0.5* p*(V,)*)}

Where P ,ymp in Pascal and subscripts (d ) for discharge and (s) for suction sides .

The power of the pump may be given by :

w pump = M * g *H pump = Q * Ppump in (Watt)

The pump efficiency may be given by :

I"|=Wpump /wsh

Where : W g, is the shaft power of the pump .



Example -3

A pump is used in a closed system with flow rates of ( 7.6 I/s) . The discharge pipe diameter
is 68.7 mm and that for the suction side is (80.7 mm ). The expansion tank is located at the
suction side at a height of 15 m above the centerline of the pump suction pipe . There is a
gauge pressure in the discharge side which reads (250 k Pa ) during the normal operation of
the pump . Calculate the total pressure and the power of the pump .

Example -4

A gauge pressure located at the inlet side of a cooling coil reads ( 100 k Pa ). An other gauge
pressure is located at the exit side at a height of (1.0 m ) above the location of the inlet side
gauge. The exit side gauge pressure reads (50 k Pa ). Calculate the pressure drop for the
cooling coil .

Example -5

Determine the equivalent length of ,gate valve of ( D =50 mm ) , a union of ( D=50 mm )
and T- connection of (D= 500 ) with flow rate of 1.0 kg/s .

Example -6

A piping system consist of a pump, a chiller, three cooling coils connected in series .The
expansion tank is located at suction side of the pump at a height of (10 m ) above the center
line of the suction pipe of the pump . There is (10 ) gate valves, (20) elbow 90 in the
circuits . The longest pipe run is 100 m length . Calculate the total pressure and pumping
power for the system .



Pipe Sizing 335
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Table 6 Equivalent Length in Metres of Pipe for 90° Elbows

Pipe Size, mm

Veloeity,
m's 15 0 ] L) 40 50 65 90 w13 18 W0 s 300
033 04 03 0.7 08 11 14 L6 20 26 32 3T 47 5.1 6.8
0.67 04 06 (3 L0 12 13 13 13 29 36 42 33 63 16
1.00 0.5 06 03 11 13 16 19 23 31 38 43 58 68 8.0
133 0.5 06 03 11 13 17 20 23 32 40 16 58 11 84
167 0.5 07 08 12 14 18 21 18 14 41 43 6.0 74 83
200 0.3 07 (9 12 14 18 12 27 33 43 il 6.2 16 a0
235 0.5 07 (9 12 15 19 1) 28 16 44 il 64 18 92
267 0.5 07 05 13 15 19 23 28 16 43 52 6.5 810 94
3.00 0.5 07 08 13 15 19 23 15 37 43 33 6.7 81 96
133 0.5 08 09 13 13 19 14 10 18 16 34 6.8 §1 93

Table 7 Iron and Copper Elbow Equivalents®

Copper
Fitting Irom Pipe Tubing
Elbow, 90° 1.0 1.0
Elbow, 45° 0.7 0.7
Elbowe, 907 long tumm 0.3 0.5
Elbow, welded, 90° 03 0.3
Feaduced coupling 04 04
Open retunn bend 1.0 1.0
Angle radiator valve 20 kX
Fadiator or comvector 30 4.0
Boiler or heater 30 4.0
Orpen zate valve 035 0.7
Open zlobe valve 120 17.0

Soumce: Giesecke (1924} and Giesecke and Badezett (1231, 1932a)
“Spe Takle & for equivalent length of ans elbaw



Lectures No 18- Refrigeration Systems

Refrigeration : Is the process of removing heat from matter which may be solid , a liquid
or a gas . Removing heat from the matter cools or lower its temperature.

Refrigeration machine : The refrigeration machine is a reversible heat engine that run in
a reversed direction as shown in the figure below . The refrigerator absorb heat Q.
from the heat source at a temperature Tc¢ and reject heat Qy to the heat sink at
temperature Ty, Work must be done on the system to do such process .

Application of the second law gives :
Qu—-Q. =W or
Qu=Q. +W

This equation represent the fundamental balance of a refrigeration machine . The
performance of a refrigeration machine is expressed as the ratio of useful heat
(refrigeration effect ) to the input work .

C. 0. P. = Refrigeration effect (Q )/ Input work (W)



Carnot refrigeration cycle :

The Carnot cycle is a theoretical model that useful for understanding a refrigeration
cycle . In some applications the Carnot refrigeration cycle is known as the reverse Carnot

cycle . The following processes take place in the Carnot refrigeration cycle as shown in
the figure below :

1-2 is the ideal compression at constant entropy .

2-3 Is the rejection of heat in the condenser at a constant condensation temperature

3-4 Is the ideal expansion at constant entropy .

4-1 Is the absorption of heat in the evaporator at a constant evaporation temperature

=

Tamperature (K)
=

Qu=Tu(S2-S3)
Qc=Tc(51—54) S2—S3=51—-S4

W=Qy - Qc=(Tu—Tc) (S1—S4)

C.O.Pcamot = Qc/W =Tc/(Tu—=Tc)  Where temperatures in Kelvin (K)



Refrigerants :

Refrigerant is the fluid that circulate in the refrigeration machine and absorbing heat
during evaporation. These refrigerants which provide a cooling effect during the phase
change from liquid to vapor are commonly use in refrigeration, air conditioning and
heat pupm systems .. In selection the appropriate refrigerant it expected to meet the
following conditions :

1-Ozone and environment friendly

2-Low boiling point

3-Low volume flow rate per unit capacity

4-Vaporization pressure lower than atmospheric pressure
5-High latent heat of vaporization

6-Non-flamable and non toxic

7-Non-reactive with lubrication oils of compressor

8-High critical point

9-Low cost

10-Detectable in case of leakage .

There are several types of refrigerant that are :

1- Halocarbons such as Freon (R 11) and (R12) and (R22)
2- Hydrocarbons such as methane (R50),Propane (R290) and Butane (R600)
3- Inorganic such Ammonia (R717),C02 (R744) and Air (R729) .

Saturation Vapor Compression Refrigeration Cycle:

The reversed Carnot cycle with vapor as refrigerant can be used as practical cycle with
minor modifications that are :

1-The isothermal processes of heat rejection and absorption accompany condensation
and evaporation are nearly perfect processes and easily achieved in practice .



2- The isentropic compression and expansion processes however have certain
limitations which are :

a- Dryversus wet compression because wet compression may damage the
compressor since liquid cannot be compressed easily .

b- Throttling versus isentropic expansion ,because the expansion required a
turbine and the work of the turbine is so small therefore throttling is preferable_.

The vapor compression system consist of :
1-Compressor

2-Condenser

3-Expansion device

4-Evaporator

In plants with large amount of refrigeration charge (refrigerant) a reservoir is installed
in the liquid line . A drier is also installed in the liquid line in Freon system .

Ta
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A COMDENSER 12
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VALVE
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The representation of the saturation vapor compression refrigeration cycle on the P-H
and T-S diagram are as follow :



PHESSURE, p
ABSOLUTE TEMPERATURE, T

ENTHALPY. b

ENTROFY, 5

The thermodynamic processes are as follows :

1-2 Isentropic compression S$1=5

2-3 De super heating and condensation at P=constant
3-4 Throttling ( h=constant)

4-1 Evaporation at P =constant

Further calculations :

Q condenser= Qc =m (hy—h3)

Q evaporator= Qe = m (hi—hy)

W compressor= M ( hy —hy)

hs=hs  Throttling processes

The mass flow rate m ( kg/s ) can be calculated as:

m =Refrigeration capacity (kW) / Refrigeration effect (kJ/kg)

= Qe/ (hl_ h4)



C.O.P.=Qe/W =(h1—hg)/(h1—h;)

Piston displacement of the compressor can be given by :

Vo= (D°/4) LN/60 =mv/n,

Where n, is the volumetric effiency , v is the specific volume at point 1 (m3/kg)
L and D is the stroke and diameter of the piston

N is the revolution per minute r.p..m

The values of enthalpies can obtained either from Charts or tables .
If tables are used then :

h: = hg the evaporator temperature (the low temperature )

hs = hs at the condenser temperature (the high temperature )

hs = hs Throttling processe

h, ~hgat condenser temperature + ¢, ( T2 = Tcondenser )

T, can be found from :

S1 =S, =Sg at condenser temperature + C, Ln ( T2/ T condenser )

If a heat exchanger is employed to vapor saturated cycle the system will be as shown
below with its representation on the T-S and P-H diagram :
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Examples :

1-A reversed Carnot cycle required 14.0 kW for 10 TR refrigeration . The temperature of the
low temperature sourceis (- 20 c¢) . Calculate :

a- C.O.P. of the Carnot cycle

b- Temperature of the high temperature source

c- The heat rejectionin kW

d- If the device works as a heat pump what is its C.O.P. for heating
e- Show that C.O.P yeating= 1.0 + C.O.P co0ling

2-A refrigerator working on the saturated vapor compression refrigeration cycle .Its refrigeration
capacity is ( 15 kW ). It works with evaporator temperature of (-5 c) and condenser
temperature of ( 35 c).The refrigerator use R 12 as a refrigerant . Determine :

a- The mass flow rates of the refrigerants R12 ( m kg/s)
b- The work of the compressor

c- The heat rejected in the condenser

d- C.O.P

e- C.O.P camot

3-A vapor compression refrigeration cycle work with R12 as a refrigerant .The refrigeration
capacity of this cycle is ( 15 kW ) .The evaporator temperature is (-5 c ) and the condenser
temperature is (35 c ). The vapor enter the compressor as a super heated vapor at (5 ¢ ) above
its evaporator temperature . The liquid refrigerant leave the condenser in sub cooled state with
(4 c) lower than its condenser temperature . Calculate :

a- The heat rejected at the condenser

b- The work done by the compressor

c- The piston displacement of the compressor V,=m v;
d- C.0.P of the cycle.

4-A vapor compression refrigeration system working with (R 12 ) as a refrigerant . The
condenser temperature is ( 35 ¢ ) while the evaporator temperature is (-15c) . A heat
exchanger is used in this system where the vapor enter the compressor as a super heat vapor at
a temperature of (15 c). Calculate the C.0.P. and the hours power of the system .Note that in
heat exchanger, Heat gained = Heat rejected.

5-Ice store for fish work with Ammonia (R 717 ) as a refrigerant. The temperature of freezing
for fish is (-20c) . The condenser of the system is cooled by water and has a pressure  of
(1352 kPa). The system has a heat exchanger in which the liquid ammonia is sub cooled by (
(5c) .Ifthe refrigeration capacity of the system is (20 kW ) find C.O.P and m yaer (kg/s ) in
the condenser if the water temperature differenceis (5c).



Solved example :

Consider a refrigerator which operates on the ideal refrigeration cycle. The evaporator
temperature is ~20°C and the condenser temperature is 40°C. The refrigerant is R-134a and
its flow rate in the cycle is 0.2 kg/s. Calculate the following:

compressor work rate ( W ),
condenser heat rate ( Q PR
evaporator heat rate ( Q L)
COP, and

COP based on the Camnot cycle.

Solution:

Based on the input data given above, we take the thermodynamic data in terms of enthalpy.
pressure and temperature from the thermodynamic tables of R-134a and list them in the
following table, along with the cycle T-s diagram:

No 1 2 3 4
h(ki/kg) 38608 43124 25654 256.54
P(kPa) 1337  1017.0 1017.0  133.7
T(°C) -20 50 40 -20

We now calculate the compressor work from Equation 3.5 as follows:
e W=r(h, —h)=02(431.24 - 386.08) = 9.0 KW

and the condenser heat rate from Equation 3.6:
e O, =m(h, —h,)=0.2(431.24 - 256.54) = 34,9 kW
and the evaporator heat rate (e.g. refrigeration load) from Equation 3.8:

e Q, =ri(h, —h,)=0.2(386.08 — 256.54) = 25.9 kW

and the COP from Equation 3.10:

e COP=Q, /W=25909.0=287

and the COP based on the Camot cycle from Equation 3.11:

COPymor =Ty Ty =T, )= (273.15 -20)/(40 +20) = 4.22

As calculated above, the COP which was found from energy balance equations is 32% less

than the COP calculated based on the Carnot cycle which is theoretically the maximum
COP that we can reach.



A actual Vapor Compression Refrigeration Cycle :

The actual vapor compression refrigeration cycle is shown in the following figure . In this
actual system the pressures of the condenser and evaporator are no constant due to the

presence of friction loss . The compression process in the compressor is accomplished with heat
transfer loss and friction loss too , therefore it is not isentropic .
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Tables and Charts :
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Fefrigerant 22 (Chlorodiflnoromethane) Properties of Saturated Liguid and Saturated Vapor
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Refrigerant 717 (Ammonia) Properties of Saturated Liquid and Saturated Vapor
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Lecture No. 30

Refrigeration Equipments

The refrigeration equipments consists of the following components with some other aided and
complementary parts :

1-Compressors :

It is the heart of the refrigeration system which circulate the refrigerant through the system
parts to do the required refrigeration effects . There are several types of compressor that are :

a-Reciprocating compressors
b-Scroll compressors
c-Rotary compressors
d-Screw compressors

e- Centrifugal compressors

Type (a)is the most common one in small to moderate capacities systems . For large
refrigeration capacities the centrifugal compressor is most appropriate compressor ,however it
required a great amount of electricity to work .

Characteristic rotary scroll reciprocating screw centrifugal
Typical capacity < 5TR 5-10 TR 1-150 TR 100-750 TR 100-10000 TR
Max. capacity 5 TR 10TR 400 TR 2000 TR 20000 TR

Displacement positive positive positive positive not positive
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Various types of refrigeration compressors a) reciprocating b) scroll c)rotary d) screw
e) centrifugal



2- Condensers :

The second component in the refrigeration system is the condenser . It is a device where the
vapor refrigerant that coming from the compressor at high pressure and temperature is to be
condensed and become in a liquid state with lower temperature and approximately the same
high pressure of the compressor except the pressure losses due to friction in condenser pipes
and fittings .The condenser is cooled by air in small capacities systems while the water is used
for large ones . There are several types of condensers in use in the refrigeration systems that
are:

a- Air cooled condenser .
b-Shell and tube water cooled condensers .

c- Evaporative condenser .

In air cooled condensers air is used to absorb the latent heat of condensation released during
de-superheating, condensation and sub-cooling.

In water cooled condensers , latent heat of condensation released from the refrigerant during
condensation is extracted by water . This cooling water often called condenser water is taken
directly from river ,lake ,sea ,underground well or a cooling tower to cool the hot water that
come out of the condenser to use it again in the system .

In an evaporative condenser uses the evaporation of water on the outer surface of the
condensig tubes to remove the latent heat of condensation of the refrigerant during
condensation .

An evaporative condenser is actually a combination of water-cooled condenser and a cooling
tower . It is usually located on the rooftop and should be near the compressor as possible .
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3- Expansion devices :

These are devices used to lower the pressure from the high pressure value at the compressor,
condenser side to the alower value at the evaporator side to help the refrigerant to evaporate
and absorb the required heat at the evaporator . There are two types of expansion devices that
are :

a-Constant restriction devices : this type is used for small capacity and domestic equipments . It
is a capillary tube with constant diameter and appropriate length .

b- Variable restriction expansion devices : These are of two types ,the first one is called constant
pressure expansion valve and the second is a thermostatic expansion valve . The second type is
useful for varying load conditions .

There exist other types such as orifice plate valves and float valves for other certain uses .
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4- Evaporators :

This is the component of the VCRC in which the refrigeration effect takes place i.e. the place
where the heat is absorbed and the temperature is reduced due to the process of evaporation
of the liquid refrigerant . There are several types of evaporators that are :

a- Plate evaporators : Itis used in domestic and small refrigerator and deep freezer .
b- Natural convection coil : It is replaced now a day
c- Liquid chiller : It is the most common type that in use for air conditioning applications

d- Direct expansion DX-coil :Itis used in freezing or cooling duty for air or other gases .

Water
out

Suction
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Evaporative
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a) Liquid chiller b) DX evaporator located in an air handling unit .



5- Cooling towers :

This is an equipment that be used to cool the water of the VCRS condensers or any other heat
exchange process . The tower cooled the water by spraying it in an air stream across several
layers of backing . These layers are used to increase the surface area of heat transfer and to
break the water jets into small droplets for more contact .The evaporation of the droplet
surface leads to cool the rest of water and increases the DBT and humidity of the outgoing air
.There are several types of towers that are :

a- Natural cooling tower : The air is crossing the tower naturally by wind speed .
b- Forced draft tower : The air is forced to the tower by fans .

c-Induced draft tower : The air is induced from the tower by fans.
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