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Abstract

Energy Conservation Study for a building of
“Children Happiness Center’”

Palestine Polytechnic University
2008
Eng.Kazem Osaily

The project aims to study the ability of conserving the cnergy consumed in a building of
"Children Happincss Center” that belongs to Hebron Municipality by counting the energy
conisuming devices, monitoring there operation at the entire conditions, calculate the efficiency
of them; try to install modifications to reduce (he energy loss and study economical benefits for
these modifications.
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Introduction Chapter one.

1.1 Overview:

Energy is the common approach for the experts and seientists in all over the
world because it's the basic operating agent for any scrvice producing help & for any
comportment ol humans.

It’s the underlying "currency” of our lives so it is necessary for evervthing that
human beings can do. Also, it can be eritical to our economy and our environment so
it should be used wisely. Yet for most of us, our only experience with the vast
network that supplies our energy is (lipping the switch that tums on rhe lights (or
other appliances).

Energy lilerate citizens have knowledge and skills to make informed choices
on using cnergy so that they could understand local, state, national, and intermational
energy issucs. Energy literate citizems are cssentisl for the economic and
environmental future. Enerzy education is fundamental to ensure (he future
generations and to literate cnergy consumers and decision makers. As a result 1

important to learn caeryy in our schools, universities and colleges.

Energy is considered as the working asent in buildings. It means that
electricity, fuel, gas shonld be used smartly in order to aperate any power producing
machine, 50 we must keep the consumption of these sources 10 avoid ellergy run oul.
This initiate our attention 1o caleulate the amount of energy consumed to produce
output power which is familiar to the user , and calculate the actual value of energy

consumes elfectively

In ather words an Energy Audit is an examination of cnergy consuming such
35 equipment and systems fo cnsurc that energy is being used efficiently. For
cxample, in financial accounting, Building manager examines the energy account of
energy consuming such as equipments and systems. He checks the way energy is
used in its various components He also checks for areas of inefficiency or that less
energy can be used and identifies the means for improvement.

1




Introduction Chapter one,

1.2 Objectives of Energy Audit Process:

Enerey audit is a top-down initiative. It's imporiant for:

a} Commitment on energy conservation and environmental protection.
b) Anticipation on the energy savings achievable,
¢) Improving to corporate image by promoting energy clficiency and conservation.

It is important that the building management shauld be provided with the right
perception of the benefits of the energy audit,

Energy consumption audil is a greal interest to study since we have rapidly
mereasing in the cost of petrolenm nowadays. This makes a mgeroeconomic prohlem

for the governments through the warld

We perceive that common buildings pay huge amount of energy (electricity, luel,
gas ...ete) this forms burden on the orgunization which have the responsibility of
these buildings

Hebron municipality have many public utilities (as one of the most important
establishments in Hebron city), which forms a charge of energy cost on its Balunce

Sheet. so we are enthusiastic to try saving encrgy in the building under consideration.

We intend to conduct the energy conservation provess in “Children happiness ”. This
building has a theatre, auditoriums, and other conference facilities and raoms for the
children activities, it is located behind "Al-Hussein Ibn Ali Boys School”. Many

activities are held in this place so it is inferactive with the conmmumniLy.

In order to execute the ensray audit in a building, we must test the constumption of
the equipment and systems which are used and dilferentiate between the uput / output

power in each system.

We ought to gel data and measurements thal describe the systems behavior and

check encrgy losses in the equipmen! which include: motors, boilers, (HVAC Heating

and Ventilation Air-conditioning unit), This helps us w precede our modifications.
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1.3 The Anditing procedure includes
1.3.1 Scope of Energy Aundit
The target is o caleulate the total power that is consumed by the building and

find the opportunitics for savings in order to avoid high payments.

The process needs calculation the inpul/output power [or each system in the
building so that we could ecalculate the efficiency ie. caleulating the heating and
cooling loads that desired and the required mput power to accomplish them and so for

olher systems,

To accomplish the analysis, walls insulation, infensity of lighting, plumping
system and fans distribution must be checked.

1.3.2 Energy Audit Team

In order to make harmony on this project, energy audit team consists of two
students from the following branches in the mechanical engincering department:

- Mechatronics Engineerning.

- Refrigeration and Air-conditioning Enginecring.,




1.3.3 Estimation of Time frame for the First Semester

Table 1.1: Time frame for the first semester

Week
activity

10

11

12

13

14

15

i

Connection
with the
| municipality

Selection the
dezirad
building

——

Visiting the
building 1o
make the
SUFVCY process

Caleulation the
amount of
clectrical
consumption

Printing the
final report

_Dﬁcumn:nwﬁun
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1.3.4 Estimation of Time frame for the Second Semester

Table 1.2: Time frame for the second semester

B | : | |

Week
nm L{2] 34|5|a|7(8| 9| 10/1] 12 14| 151 16
I 1

e
Thermal Loads
Calculations

B

Conducting Site
Inspection and '
Measurements

Analysis of
Collected Data

Companson
hetween
theoretical &
actual data

Finding the
apportunities Lo
Save energy

Strategies of
ENETZV
conservation

Results and
conelugion

| Printing the final
report

Documentation I
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1.3.5 The Budget:

Table 1.3: The Budget

Activity Cost (5)
Telecommunications 80
' Transportation 100
' Printing 60
counter 20
Total 260

1.3.6 Collection of Building Information

1.3.6.1 Conduction of Site Inspection and Measurements
* Strategic points for measurements.
* Instrumentation.
1.3.6.2 Analysis the Collected Daia
» Identification of energy management epportunities.
* Costing.

+» Normahization of data.
= Maintain thermal and lighting comfort.
* Scheduling maintcnance and relurbishment works.
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Survey and Building Description Chapter Two

2.1 Introduction

"Children Happiness Center™ 15 considered one of the cultural,
educational and entertaining places for children, families and for who visits this
center. Tt had been built by Hebron Municipality to raise the cultural, technical

and aducational level of Hebron’s children.

Tebron Municipality builds many centers in Hebron. These buildings
present local services for the biggest sector of the communily such as lraining

COUTSES 11 SUnmmer Camps.

2.2 General Description for the Building

“Childten Tlappiness Cenler™ belomps 1o Hebron Mumicipality, wiach
responsible fur these buildimgs, Moreover, i is the side thal pavs for the electrical
usape supporicd 1o these buildings.

"Children happiness” is located @1 Em Sarah Smeel nesr Al Hossem School,
which 1= considered the main street in the oity. The building view is illustrated in
lzures 2.1 and 2.2, The basement floor, ground floor, first floor each has an area
8454, 11806, 344 3 ' respectively. All details are illustrated on layouts Al, A7, A7
in appendix B.

The building is constructed at 6000 m” land area and it consists of:

1- A main theater for 400 scated persons with an area of 2082 m',
2= Two multi-purposc halls with an area of 243, £13 m’

3- Children library which serves children from (6-18) vears old wilh area of 102

HI™.

Ll

4- Computer center with arez of 102 m’.
5. Ouiside amphitheater of 300 seated persons with an area of 120 m°.

ry



Survey and Building Description Chapler Twa

Figure 2.1: Outside view of the main theater
8
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2.3 Buildings’ Equipment Description

This building consists of many clectrical systems that are considered the
main consuming pars in the building such as, Packaged units, ducted sphit
units, local boilers, lighting systemns, plumping and fire suppressivn
sysiems, Also, there are other electrical devices such as computers,
televisions, data show, printers and scanners.

In (his section, each system will be explained separately.

2.3.1 Packaged uir conditioning unit (PPH 450 Petra Packaged Hermatic)

Figure 2.3; Package unit

10



Survey and Building Description Chapter Two

Two packaging air condilioning nnits are shown in figure 2.3, they are
used to provide the commion human comfort to (he spectators who set inside the
theater and two halls in the building; every PPH completed units is single
packaged unit which are factory assembled, tested and shipped fully charged

with compressars, evaporators, condenser coils, fans and controls.

These packages are designied [or putdoor installation, and they can be

used for cooling only or cooling and heat pump application (optional ).

PPH units are ideal for residential. commercial snd industeal
applications and they are available from (38-625) nominal MPH (Million
British Thermal Unit} at 50 Nz and from (42-700) MPH a1 60 Hz.

PPH units are compact in design, supplied as o complete package and
ready for eperation with no extra controls or additional iterns for installation.
The PPH unit has a single power entry with simple conncelion. All units are

designed Lo ensure maximum compliance with Lurnpean standard.

Quick start-up is assured once cumpleted installation: it i the same as
cach PPH unit is manufactured i an ISO 9001 listed facility o guarantee
quality. General data are deseribed in table 2.1 In addition; all units are tested at

the factory o provide reliable starl-up.
2.3.1.1 Opcration

2.3.1.1.1 Cooling Mode

The package operates at a refrigeration cyele in this mode. The air
passes on the evaporator coils, its temperature decreases to the sel point
temperature before reaching to the mixing box in order to be mixed with the

return air in a specific ratio.

When the controller is powered on, il starts its’ self — diagnostic check
after time delay (EFM Evaporator Fan Motor) is energized.

11



Survey and Ruilding Description Chapler Two

The controller reads the return air emperature and compares it to the sel
point. If the return air temperature is greater than [“cooling  (summaer)
lemperature sel point” + “cooling proportion hand”/No of compressors). the
first compressor will start after time delay (programmed in the contraller). Then
the sccond starts after the time delay hetwoon two different COMIPTERSOTS

(Programmed in the controller). and so on for third, forth com PICSSor.

The cantroller continues operation the unit until il reaches the set paint

temperature.

During the unloading stages, the controller will start swilching OFF
while the compressors keep (EFM Tvaporator Fan Motor) running, the (CFM

Condenser fan motor) will be ON if any compressor is énabled.

2.2.1.1.2 Heating Mode

I this mode, the package operates at a heat pump cyele ie. converting
the flow direction of the refrigerant by reverse valve in order to mransfer amount
of heat to the air that passes on the condensing coil. The heating process is
completed using support heaters to bring the air 1o the set point temperalure in

winler.

The controller reads the return air lemperature and compares it to the sct
point if the return air temperature is less than [“heating (winter) temperature sel
point™ - “heating proportion band'/No of heaters]. As a result, the controller
will operate the electric hoaters steps just running (EFM), and they will
continue operating clectric healers until the air reaches “heating set point”.

During the unloading stage, the controller will start switching QFF
clectric heaters and keeping (FFM) running,

All areas that supported by the PPIT units are illustrated on layouls Ad.
AS in appendix B.
12



Survey and Building Uescripton Chapter Tw0

Table 2.1: hentrﬂ Data Daa-:n:pu

[~ Model PPH450 " Quantity | P (kW) w) |
| e \.

[c_uﬁﬁmﬁm ~ 4’\ 7.4.*5{?\

h:FM (condenser fan motor) ~ T ~ 0.75

L i 'ﬁs_tﬂ_ﬁanm! W’i\

r'l tal for both packages = s = 2%43.84

—

e ————

1.3.2 Ducted Split Unit (DSF)

2

on ROCTEY

o S

Figure 2.4 Ducted Split Unit (DS P)-(vurdoor unit)

Figure 2.4 shows that DSP umts are designed specifically for

casy maintenance and installation for medium and large size @ir

13




Survey anid Puilding Deseription Chaprer Two

conditioning svstems. Also they are designed for commercial and
residential applications such as homes, stores, shops. villas, restaurants,
commercial complex. offices ...etc.

These ducted split units are used for cooling or healing (heat
pump vplional), They are also used in & part of the basement area thal is
illustrated on the layout where two similar units are uscd there.

The principle of operation is dependent on the refrigeration
cvele, it consists of two main parts: Outdoor unit which is illustrated in
table 2.2 that contains the compressor, condenser, expansion (throttling
deviee) and Indoor unit which is shown in figure 2.5 that contains the
gvaporator which makes the heat transfer between the refrigerant and the
required air (i.c. cooling the air and superheating the refrigerant). Jable
2.2 illustrales the general data for the outdoor umit, The area Lhal

supported by the DSP units are illustrated on layout A4 in appendix B.

14
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2.3.2.1 Outdvor Unit (Condensing Unit)

Table 2 2: General Deta Description

Type Quantity | Power (kW)
CI'M (Condenser Fan Molor) I 0.75
Compressor Z | &1
Tutal 12.986

2.3.2.2 Indvor Unit (Air Handling Unit AHU)

It cansists of cvaporater corls that akes the respensibility for making
the heat wansfer between the inside air in the space and the refrigeraat Mluw in
the pipe of the eoil. Air is moved using a single fan. It has heaters to support
the beating process in winler when the cycle operales in the reverse mode
(heating mode).

Figure 2.5 shows the indoor unit and table 2.3 flustraies the general
data fur the indoor unir.
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Figure 2.5 Indoor unit

Tahie 2.3 {jeneral data for indoor umt,

Electrical Ma. of Fower for sin_gt:_ | Total power lor
clements elements element (kW) elements (kW)
Heater 3 0,450 | 1350
'Fan [ 0.750 0.750
Total Power 2,100

233 FExhaust Fans (EF)

These fans are used 10 exhaust the inside air which 1s an agent
for the ventilation process and air changes thal arc required for the

human comfort. Each fan power is illustrated m table 2.4.

16
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Table 2.4: (reneral Data Description for exhaust fane

[ﬁnors No. | Power of single Total power in cach floor

of fun (kW) (kW)
fans
Basement 4 0.05 02
Ground 3 0.03 0.15
Roof 2 (.35 0.9
0.55
Total power of fans. 1.25
=

2.3.4 Local Boilers

As mentioned later, the domestic hot water is supplied to the
fixtures by lacal boilers: two of them are located in the underground
floor in the bathrooms. The third one in the first Hoor locates in kitchen.

Table 2.5 illustrates the power for the boilers.

Table 2.5: Power for builers

No. of boilers | Power of each boller | Total power = o, * P ingte botler
(kW) (kW)
3 25 75
| 3 3
Total power of boilers 10.500

17
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235 Plumping and Fire Suppression Systems

1wo parallel pumps arc used to supply the required amount of
water from suction tank to the rool tanks (6 tanks, cach one is 2 m?),
which supply the needed water for the huilding fixtures. Both pumps
alternate in operation,

Another two parallel pumps are used for supplying [ire
suppression system inside the building and they are standing (o support
this process. Morcover, these bath pumps are activated by smoke
sensors that send an electronic signal to operate pumps which will pump
water to the sprinklers in order to suppress the firc. These four pumps
have the same specification and required power. ‘Table 2.6 illustrates the
specifications for the pumps which are used in plumping and fire
supprossion. Sec appendix B lavout A7, A9,

Tablc 2.6 data table for water pumps and fire suppression pumps.

Power | 5.5 (hp)
4.103 (kW)
Voltage (V) 230-406) .
Current (A) 94-16.5
Frequency (Hz) 50
Flow rate (m’/hr) =20
Minimum head (m) 40
Maximum head (m) 42-54
Speed {rpm) 2880
I

13
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2.3.6 Lighting system

1he building has a number of activitics running during the dav; these
activilics need a good lighting intensity and distribution that must be suitable

for the area of the floors,

Many tvpes of lighting systems are used 10 achieve the comlortable
lighting for the human: these types are distrihuted according to a specific usage
in each arca. Bach floor has special board to supply the lights.

The Tights in the theatre arc controllable type ie. one can vary the
lighting intensity by control switch in the control room. Other lights are
unconirollable but can be switched ONAOFT from different distribulion boards.
And there are other dillerent lights that are used to make lighting for the outside
areas. Tables 2.7, 2.8, 2.9, 2.10 illustrate the amount of lights and power in each
floor. Lighting distribution is illustrated on layouts A6, AR, A10 in appendix B.

Table 2.7: Lights in the basement floor

No. rigne= Py | Prrocai=
Type of light No. 7oen *NO. ot tampy in siaghe No orighis* I of simpie
eurh wnlt Light tight
(W) (kW)
Florescent lighting fixture 28%) 18 2.016
| Recessed mounted highting fixture
o2 36 (L6438
Surface mounted “éhiﬁl i fixture :
15t 36 0.540
Spot light recessed mounted lighting
fixture |8*1 60 1,080
Exit lighting G%2 3 0.096
Emergeney lighting 8*2 8 0128
Ceiling mounted lighting fixture ' 10%] 100 1.000
Wall mounted lighting fixture for mirror 6%1 18 0,108
 lighting . |
Total power in the floor 5.616
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Table 2.8: Lights in the ground floor.

i NO. o ighe= Por Prou=
M. Total T INO. of Bmps in single No -u'fﬂilll*P of suple
Type of light each uail Light. ighe
(W) (kW)

Lighting fixture type par 80 61 120 (.720

Spot light recessed mounted hhring fixmre 17%1 60 20
| Down lighting fixture recessed mownted 70*1 1o 7000

with reflectur

Ceiling mounted lighting fixrure 12% 1) 1200
- Exit lighting 532 £ 0.0%0

Florescent lighting fixture 12%4 18 0.804

Susface mounted highting Gixture &*1 36 0.288

Recessed mounted lighting fixture 35%2 36 2.520
 Wall mounted lighting fixture for niirror 6*1 14 0108 |
| lighting

Total power in the floor 13.8
Table 2.9: Lights in the first floor.
i No, of Ephis™ P PTD.“] —
Type of light NO. Taeat "NO. ot teugs i cah slngle NO otgnis™ P ursingie
uali Light. tizh
(W) (kW)
Recessed mounted lighting 33*2 36 2.376
fixture
Total power in the Moor 2370

20




Survey and Beilding Descniption Chapte: Two

Tahle Z.10: Lights of the cartside areq.

[ Tvpe of light TR [ TS () S
(W) (kW)
Florescent Lamps f 26 I.586
Medium iype 6 150 g
High intensity 7 350 1,750
Total nl:r all types 4236 |

13.7 Other electrical devices (accessories)

Table 2.11 illustrates a lot of eleetrical devices in the building. such as
computers in computer center and offices, scanmers, printers, televisions and
data show. All these devices are taken in considetation in caleulation electrical

load in building,
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Table 2.11: Aceessories (other electrical devices)

Application No. | P o cachelementy | P vosu for te entire slements
(W) (kW)
Compulers L300 | 1060 31.8
| Scunners 2 [ 150 0.3
Printers 5 150 5By
Felevisions 3 130 [ 130 | 75 | 0335
Data show 2 630 1.3
| Video conference 1 | L0 0.11 |
Water cooler 2 40 0.8
Local water heater | 5 8O0 54
Video 1 |18 0.018
Small fans 10 | 54 0.54 il
Projector 5 540 [ .54
i 'I'ntnlll’uwﬂ 4] 593

il
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2.4 Electrical Consumption

Energy consumplion of the building is referred to the electrical EneIgy
only, since there arc no devices that depend on fucl-oil or other sourccs of
energy. For 2007 the clectrical consumption has increased by 31.8% relative 1o
2006, this incrcase in energy consumed is due fo (the human activities

(increasing the activity hours) in the building.

Table 2.13 and figure 2.6 show the monthly clectrical consumplion over the
first year (2006) and table 2.14, figure 2.7 show the monthly electrical

consumption over the second vear (2007),

2.4.1 Statistics for the electrical consumption data

Table 2.12 shows the total electrical power (Energy index) in the building:

Table 2.12: Energy Index.

Type Pratw

- (kW)

HVAC 104.016
Lighting ' 26.028 |
Pumps 16412
Fans 4.400
Bailers ' 10,500

| Accessories - 41.803

| Total 202
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Table 2.13: Data for the electrical usage in 2006

Month Power Cost
(kW.h) (NSI)
January +February 1800 1170
‘March + April 2040 1326
May | June Q4L 6162
July + August 12180 7917
September + Octaber | 6780 4407 |
November + December G780 4407
- Total 39080 25389
m power (KW.R)
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Figure 2.6: Energy consumption in 2006
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l'able 2.14: Data for the clectrical usage in 2007

Month ' Power Cost
(KW.h) (NSI)
January +February 10440 6786
' March = April 8040 5226
May +June 0540 6201
July + August 15240 9906
September + October RRE0 5772
November + December 5100 1315 |
Total S7240 37206
| W powar (kw.h)
| 18000
160030
14000
12000
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| % C :
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Figure 2.7: Energy consumption in 2007

25



Survey pod Building Descripiion Chapier Two

Figures 2.6, 2.7 illustrate that the peak value of the SOSIZY usage in the
building oceurs at sumnier season, sinee the number of activities is more than

other seasons becayse of the large number of operation hours for the electric

devices, In winter the CNETEY usage is the smallest vajye due 1o the number of

activitics,

The encrpy cunsumption curve in 2 building relates o the operating
hours, the maximum number of operution occyrs dt the period where the peak

value of activilies can be obtained,

26
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3.1 Methodology of Energy Study

3.1.1 Monitoring of Flectrical devices

Momloring equipment can be useful to measure the actual opcrating parameters
af various encrgy equipments and compare them with the design parameters to determine

if energy efficiency can be improved.

The most common Parameters that are often monitored during an energy assessment are:
Basic electrical parameters in AC & DU sysrems: voltage (V), current (1), power
factor, active power (KW), maximum demand (kWA), reactive power (kVAr), energy
consumption (kWh), frequency (Hz). harmonics.
This madule provides information for varions monitoring equipment that are often used

during Encrgy assessments in industry:

Flectrical measuring instruments

Thermometers , Hygro Thermometer

I

Lux melers

For each type of monitoring equipment the following information is riven:
®  What the monitoring equipment does,
*  Where the monitoring equipment is used.
* How (o operate the monitoring cquipment.

= Precautions and sufety measurcs necessary for the monitonng equipment,
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3.1.2 Electrical Measuring lostruments

1.1.2.1 What electrical measuring instruments do

Electrical measuring instruments include clamp-on or power analyzers and are used
to measure main electrical parameters such as KVA, kW, PF, Hertr, KVAr, Amps and
Volts. Some of these instruments also measure harmonics. Instant messurements can be
taken with hand- held meters, while more advanced ones facilitates cumulative rcadings
with print outs at specified intervals.

There are several models available in the market from different companics. One

such nstrument is the MAGNELAB- Clamp-on Power Hitester

Electrical specifications
¢ Outpul 0.333V at rated current.
& Accuracy 0.01,
= Phasc angle < 2degrecs (valid for 150A or higher),

e Hated accuracy at 10% to 130% ol tated current.

3.1.2.2 Where electrical measuring instruments are used

These instruments are applied on-line to measure various eleetrical parameters of
motars, transformers, and clectrical heaters, There are no needs to slop the equipment

while toking the measurements.

3.1.1.3 How to operate electrical measuring instruments

‘The instrument has three leads (wires), which are conncoted to the crocodile clips at
the end. The three leads are yellow, black and red, Figures (3-1, 2) pive illustrate the

measurement method for various conditions. However, operating procedurcs may vary for
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difterent types ol ¢lump-on or power analyzers. For the correct operation procedure the

operator should always check the instruction manual supplied with the instrument.
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Figure (3-2) swilching on clamp-meter for single phase
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3.1.2.4 Precautions and safety measures

Some precautions and safety measures 10 be taken while using clamp-on and power

analyzers are;

* To avoid short circuits and potentially life-threatening hazards, never attach the clamp o @
circuil that operates at more than the maximum rated voltage, or over bare conductors,

* The clamp-on probe should be connected to the secondary side of a breaker, so the breaker
can prevent un accident ifa short cireuit occurs.

*  While using the instrument, use rubber hand gloves, boots, and a gafely helmer, to avoid
clectrical shocks. and do not use the instrument when hands are wet,

* Check the operating manual of the moniloring equipment for more detailed instructions on
safety and precautions before using the equipment.

3.1.3 Thermometer

J.1.3.1 What a thermometer does

Thermometers are instruments used to measure the lemperature of fluids, surfaces
ar gases, for cxample of the fluc gases after combustion has taken place. Thermomelers are
classified as Contact thermomelers or non-contact or infrared thermometers and are
described below.

3.1.3.1.1 Contact thermometer

There arc many types of contact thermometers, A simple clinical thermomeier is
the best lmown cxample of a contact thermometer. However, for the puarpose of energy
audits in an industrial plant we generally use thermacouples for measuring temperatures
with a high accuracy. It consists of two dissimilar metals, juined rogether at one end. The

thermocouple metal alloys arc commonly available as wire. A thermocouple is available in

30



Chapter Three Methodology of Energy Study

different combinations of metals or calibrations, The four most common calibrations are 1,
K. T and E. There are high temperature calibrations R. S, C and GB. Each calibration has a
different temperature range and environment, although the maximum temperature varies
with the diameter of the wire used in the thermocouple, Although the thermocouple
calibration dictates the temperature ranve. the maximum range 18 alsa limited by the

diameter of the lhermocouple wire.

3.1.3.1.2 Non-contact or infrared thermometer

A men-comtacl or infrared thermomeler allows the measurement of temperatures
without physical contact between the thermometer and the ohject of which the temperature
15 determined. The thermomcter 13 directed at the surface and immediately gives a
temperature reading. This instrument is useful for measuring hot spots in furnaces, surface
temperatures etc. Infrarced thermometer allows users to measure temperalure in applications
where conventional scnsors cannot be used or cannat produce accurate temperature
readings.

3.1.3.2 Where the thermometer is used

In energy sudits, the temperature is one of the most important parametars to be
measured in order to determine the thermal enerpy loss or to make a thermal ENETEY
balance. ‘T'emperature measurements are taken for the audit of air vonditioning units,
boilers, furnaces, stcam systems, waste heat recovery systems, heal exchangers, ete,
During the audits, the temperatiure can be measured of the:

&  Ambi¢nl air

* Chilled water in refrigeration plants

* Inlet airinto the Air Handling unit of AC plamt

* Cooling water inlet and out let at the Coaling Tower
* Surfaces of steam pipelines, boilers. kilns

* Input waicr to the hoiler

s [Lxhaust gases
31
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-

Condensate returned
Pre heated air supply for combustion

Temperature of the fuel oil

3.1.3.3 How to operate a thermometer

The thermocouple (contact thermometer) consists of two dissimilar melals, joined
together at one end. When the junction of the two metals is heated or cooled a voltage is
produced that can be correlated back to the temperature. A probe is inserled into a li quid or
gaseous stream 1o measure the temperature of, for example, flue gas, hot air, or water. A
leaf type probe is used to measurc surface temperatures, In most of the cases the
thermocouple directly gives the reading in the desired units (Centigrade or Fahrenheit) on a
digital panel. The operation of & non-contact or infrared thermometer is simple. The
mfrared thermometer (gun) is pointed towards the surfuce where the temperature must be

measured. The measurement result is read directly from the panel,

3.1.3.4 Precautions and safety measures

I'he following precautions and safety measures apply when using a thermometer:

T'he probe must be immersed in the fluid and the measurement must be taken after 1-2
minutes, 1. after the stabilization of the readings.

Belore using the thermocouple, the temperature range for which the thermocouple is
designed for should be checked.

The probe of the thermocouple should never touch the bare flame.

Before using 4 non-contact thermometer the emissivity should be set in accordance with
the surface where the temperature is to be measured.

Check the operating manual of the monitoring equipment for more detailed instructions on

safety and precautions before using the cquipment.
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3.1.4  Door opening counter

Infiltration is on¢ of the most common ceoling load combinations since the
infiltrated air enters to the conditioned spaces by the pressure difference hetween the inside
and outside air, the amount of air is to be caleulated by measuring the crockage length
doors and windows.

Bul there is an amount ol air leakoges infiltrated by apening the doors of the spaccs
along the ime of aperation of the HVAC unit,

Special time behavior have been designed to count the number of door openings in
a given time period. The principle ol the counting process is based on a digital signal
comes from & limit switch, send the signal to the 535 timer then comparing it with the time
consumed after opens the door , the signal then transfer 1o the RCD counter then to the
decoder W display the resull number on (7- scgment) . If the activation of the limit switch
conlinues more than four seconds the 355 timer send a pulse in every time period {4
seconds), since the door is still open and the air infiltrates to or from the conditioned space.
Hach display count runge is between

(0 - 9), and the total counting capacity of the counter is up tw 999, The components of the
circuit are illustrated in the table (3-1) , Figure (3.3) shows doar opening circuit
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Figure (3.3) Door opening counter
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Table (3.1): parts description of counter

Part name Description

7415192 BCD counter: used W count the number of pulse comes from Limit
switch or from the comparator

741 885 Camparator :used to compare the output of the tmer and counter with 4
second

T4L547 | Decoder : is an imcffﬁt:ing parts used 1o connecting counter with 7-
segment

T4L508 AND gate : output is | if the lwo inputs is 1 other wise output is 0

741532 OR-Galte : output is 1 if there is al least one input is 1 ,uther wise output
is 0

7-Segment Display : used to display the number of door opening

|

555 ' l'imer : used to controlling the time which door opened, If the door

Timers opened larger than 4 sce the timer send a high pulse to increase counter
by one,

Resistance Ry, Roand C, is & function of ;(charging time of capacitor ) and 2

. (discharging time of capacitor)
Cupacitor

The 555 timers consist ol resistance (R, Ra), capacitor C; and supply vollage 5v, to

estimale the value of these unknown parameter follow these steps:

- Assume that R=10 k@ ,C;~100uF, t—dsec t1

2- Calculate R; by cyuation t1=0.693(8~R.)C: charging, output J
HIGH.

45ec=0.693( 1 0000+RL100* 1076
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This yield R; — 47 72k0

= DL603R,C, discharging, output LOW
= 331sec

3.1.5 Lux meter

3.1L.5.1 What lux mefers do

Lux meters are used to measure ilMumination (Light) levels, Most Jux meters consist
ol a body, 8 sensor with o phato cell, and g display panel as shown i figure (3-4). The
sensor is placed under the light source. The light that falls ap the photo cell has energy,
which is transferred by the phato cell into eleetric current. The more fight is absorbed by
the cell, the higher the generated current. The meter reads the electrical current and
calculates the appropriate value of either Lux or Foot candles, This value is shown gn the

display panel,

A key thing to remember about Light is that it is usually made up of many different
Lypes (colors) of light at difTerent wavelengths. The reading, therefore, is a resull of the
combined effects of all the wavelengths. A standard color can be referred 1o as eolor
lemperature and is expressed in degrecs Kelvin, The standard color temperature for
calibration of most light merers js 2856 degrees Kelvin, which is moge yellow than pure
white. Dilferent types of light bulbs burn at different colop lemperatures. Lux meter
readings will, therefore, vary wilh different light sources of the sume mtensity. This is why
some Tights seem “harsher” or “softer™ than athers.
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Figure (1-4): Lux meter

3.1.5.2 Where lux meters are used

Lux meters are used to measure illumination levels in offices. factarics eic.

3.1.5.3 How to operate a lux meters

This instrument is very simple to operate. The sensor is 1o be placed al the work
station or at the place where intensity of the light is to be measured, and the instrument will
directly give the reading on the display panel.

3.1.5.4 Precautions and safety measures

The following measures shauld be taken when working with lux meters:

- The sensor is 1o be properly placed on the work station to obtain an accurate reading

- Dueto the high sensitivity of sensor it should be stored safely

- Check the operating manual of the monitoring equipment for more detailed instructions
on safly and precautions before using the equipments,
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3.1.6 Pumps and Fans

¥ (3-1)
Where
P: pressure supported by the pump.(Pa)
£
Q: Flow rate {2 ),
&

I: current inter the pump (A).
V: voltage across the terminals of the pump (V).

3.1.7 Air conditioning Units
3.1.7.1 Package unit

The efficiency of a thermal device or a thermo electrical device such as the package
unit is termed by COP (Coefficient of Performance) it gives the ratio of the output thermal
load relative to the input clectrical load.

1 Q
COP bt cnnting. =
* Pmmprm.usr i PHFM + PIZ"PM (3-2)
cor = Q
S Pt eatin .
; Pmrmm P T Porn + P (3-3)
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3.1.8 Split unit

COPyg o = %
' P ornon + Peon * P (3-4)
COPg g Qu
it A TN TR S T (2-5)

In order lo caleulate the COP cocfficient of performance cooling, heating loads must
be estimated to determine the reguired output thermal power m heating and cooling mode.

3.1.Y Boiler

The domestic hot water is gencrally estimated by assuming a constant daily
consumption of hol water. The following eguation is used:

Gw =M, G, (T, -1, )
(3-6)
Where:
Quw = Amount of heat for the domestic hor water. (kJ)
M, is the daily consumption of domestic hot water (Kg).
Ty.: the hot water supply temperature.

T.: is the temperature of cold water that must be heated to Ty,
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A widely used value for the daily consumption of domestic hot water is 280 liter Per
family. This consumplion rate can be reduced w0 200 liter per day per family il a clothes

washer is not used. IHowever, if the number of the family members is known a daily

consumption
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4.1 lighting system
4.1.1 Background

Frum the dawn of civilization until recent times, human buings created light solely
fiom fire, though it is more a souwrce of heat than light. We are still using the same
principle in the 215l century to produce light and heat through incandescent lamps. Only in
the past few decades have lighting products become much more sophisticated and varied,
Estimates indicate that energy consumption hy lighting is about 20 - 45% of a commercial
huilding’s total energy consumption and about 3 - 102 in an ndustrial plant’s 1ofal energy
consumption. Most indusinial and commercial encroy users are aware of ENETEY SAVINgS in
lighting systems. Often significant enerpy savings can be realized with a minimal
investment of capital and common scnsc. Replaving mercury vapor or incandescent
sources with metal halide or high pressure sodium will generally result in reduced encrgy
costs and mecreased visibility, Tnstalling and maintaining photo-contrals, time clocks, and
CTETZY managemenl systems ¢an also achieve extraordinary savings. However, in some
cases it may be necessary to consider modifications of (he lighting design in order to
achieve the desired energy savings. [t is important to understand that clficient lamps alone

would not ensure efficient lighting systems.

4.1.2Basic Theory of Licht

Light is just one portion of the various electromagnetic waves flying through space.
These waves have both a frequency and a length, the values of which distinguish light

Irom other forms of cnergy on the electromagnetic spectrum.,

4.1.3 The Impurtance of Lighting

Lighting consumes & tremendous amount of energy and financial resources.
Lighting aceounts for approximately 17 percent of all electricity sold in the United States.
Energy star estimates that if efficient lighting were used in all locations where it has been

shown to be profitable throughout the country, the nation’s demand for electricity would
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be eut by mere than 10 percent. This could save nearly $17 billion in ratepaver bills and
result in the following annual pollution reductions:

* 202 million melric tons of carbon dioxide, the primary cause of global climate change.
This would be the equivalent of tuking 15 million cars off the road.

* More than 1.3 million metric tons of sulfur dioxide, which contributes to acid rain.

* 600,000 metric tons of nitrogen oxides, which contribute to smog.
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Iigure (4-1): Lighting Share of All Flectric Encrey Use

Fighting is also a significant expense in operating buildings. Lighting is the largest
cost component of a commercial building's electricity bill (see Figure (4-1)) and a
significant portion of its total encrey bill,
4.1.4 Lighting and the Building

4.1.4.1 Redu¢e Heat Gain

In addition to visible light, all lighting systems produce heat. Lighting is typically
the largest source of wasle heat, often called “heat guin.” inside commercial buildings.
Improving lighting efficicncy reduces heat gain. which alfects your buildings in two ways.
Waste heat is & useful supplement when the building requires heat, it must be removed by
the HVAC system when the building needs to be cuoled. The impact of this tradeoff the

penalty for increased heating costs versus the bonus for reduced cooling cosis  depends
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on your building type, its geographic location, and is HVAC system. Although heating
costs may rise, they will rarely exceed the resultant cooling savings, even in buildings in
northemn climates thal use electric resistance heal.

By reducing intemal heat gain, clficient Hghting also reduces your huilding’s ¢ooling
requirements. Consequently, vour existing cooling system may be ablc to serve [uture
added loads, or may be appropriate for “rightsizing”. Given the larpe impact lighting
upgrades can have on your HVAC system requircments and the high cost of cooling
equipment, you should always quantify HVAC and lighting interactions. There arc
simplilied methods available for calculating the impacts of 1i ghling upgrades on heating

and cooling svstems.

Lighting also affeets the power quality of your building's clectrical distribution svslem.
P'oor pawer quality is a concern because it wastes energy, reduces electrical capacity, and
can harm equipment and the electrical distribution system itsell, Upgrading to lighting
equipment with clean power quality (high power factor and low harmonic distortion) can
improve the power quality in your building’s electrical system. Furthermore, upgrading
with higher efficiency and higher power factor lighting equipment can also free up
valuable electrical capacity. This benefit alome may justify the cost of a lighting upgrade.

The relationship ol lighting to task performance and visibility is well understaod.
Improved lighting enhances visual comfort, reduces eye fatigue, and improves
performance on visual tasks. Well-designed lighting is likely to improve performance,
increasc productivity, and reduce absenteeism, Beocause costs associated with your
employces greatly outweigh the other building costs, any lighting changes that improve
your occupants’ workspaces are worth investigating,

Lighting also contribules to the safety of vccupants and the security of buildings.
Emergency lighting must be available during power outages, and minimum levels of light
must be available at night when most lighting is turned olf, In addition, safely codes
require cxit signs to highlight vscape routes during fires or other emergencics. Ouiside
lighting and indoor night lighting deters crime by exposing infruders’ movements and
permilling occupants to move safely through the building or to cars. Althaugh such effects
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are difficult to quantify, comfort, mood, productivity, health, safety, and vther impacts on

peaple should be considered as part of every lighting upyrade.

Light is emitted from the body due to any of the following phenomena:

Incandescence Salids and liquids cmit visible radiation when they are heated to
temperatures about 1000K. The intensily increases and the appearance becomes whiler as

the temperature increases,

Electric Discharge: When an electric current is passed through a gas the atoms and

molecules emit radiation whose spectrum is characteristic of the clements present.

Electro luminescence: Light is generated when electric current is passed through certain

solids such as semiconductor or phosphor materials.

Photoluminescence: Radiation al one wavelength is absorbed, usually by a solid, and re-
emitted at a different wavelength, When the re-emitted radiation is visible the phenomenon

may be termed either ffuarescence or phosphorescence.

4.1.5 Definitions and Commuonly Used Terms

Luminaire: A luminaire is a complete lighting unit, consisting of a lamp or lamps logether
with the parts designed to disiribute the light, position and protect the lamps, and conmect
the lamps to the power supply.

Lumen: Unit of luminous flux; the flux emitted within a unit solid angle by a point source
with a uniform lumimous intensity of one ecandela. One lux is cne lumen per square mcter.
I'he Jumen (Im) is the photometric equivalent of the watt, weighted 10 match the eye

response of the “standard observer”, 1 walt = 683 lumens at 555 nm wavelength.

Lux: This is the metric unit of measure for illuminance of a sarface. Average maintained
illuminance is the average of lux levels measured al various points in a delined area, One

lux 15 equal to one lumen per square meter. The difference between the lux and the lumen
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is that the lux takes into account the area aver which the luminous flux is spread. 1000
lumens, concentrated inlo an area of one square meter, lights up that square meter with an
luminanee of 1000 lux. The same 1000 lumens. spread oul over ten sguarc melers.

praduce a dimmer illuminance of only 100 lux,

Rated luminous efficacy: The ratio of rated lumen output of the lamp and the rated power

consumphon expressed in imens per watt,

Room Index: This is a ratio, which relates the plan dimensions of the whole room to the

Beight between the working plane and the plane of the fittings,

Utilization factor (UF); This is the praportion of the luminous flux emitted by the lamps,

reaching the working plane. It is a measure of the effectiveness of the lighting scheme,

4.2 Methodulogy of Lighting Svstem Energy Efficiency Study

A step by step approach 1o asscssment of improvement options in lighting at any

factlity would mvalve the [ollowing likely steps.

Step 1: Inventory the lighting system clements & transformers in (he facility as per
following typical {ormat.

Step 2: With the aid of a lux meter, measure and document the lux Jevels at various plant
locations at working level. as daytime lux and night time lux values alongside the number
of lamps “ON” during measurement.

Step 3: With the aid of portable load analyzer, measure and document (he voltage and
POWEE consumption at various input points, namely the distribution boards or the lightmg
vollage transformers at the same as that of the lighting level audit,

Step 4: Compare the measured lux values with the standard. Use the values o= a reference

and identify locarions of under 1it and over lil areas,
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Step 5 Analyze the failure rates of lamps, ballasts and the actual lili expectancy levels
from the past data.

4.3 Designing of Lighting Svstem

4.3.1 How much light is needed

Every task requires some lighting level on the surface of the body. Good lighting is
cssential to perform visual tasks. Better lighting permits people w work with more
productivity. Twpical book reading can be done with 100 to 200 lux.

These recommended values have since made their way inte pational and
international standards for lighting design see Table (4.1).
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Table 4.1 Muminance Levels for different Areas of Activity

Guidsline luminance

Range
Building / Space Type (footcandles
Commercial interiors
Art gallenes 0-100
Sanks 50-130
Hotels irooms and lobbies) 18-30
Oftices 30-18
-Average reading and writing 50-73
-Hallways 10-22
-Reoms with computers 20-50
Restaurants (dining areas) 20-3
Stores (general) 20-50
Merchandise 100-200
Institutional intariors
Auditonums/ assembly places 15-30
Hospitals (general arsas) 10-15
Labs/treatment areas 50-100
Libraries 30-10C
Schocls HF150
Industrial ierzors
Ordinary tazks 50
Stockroom storage a0
Loading and unloading 20
Dafficult tasks 100
Highly dsfficult tasks 200
Very dathicult tasks 300-500
Muost difficult tasks 500-1000
Extenior
Building zscurnity 1-5
Floodhighting
(low /high brightness or surroundings) 3-30
Parking 1-5
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4.5.2 Lighting design for interiors

The step by step process of lighting design 8 illustrated below with the help of an

example. Figure (4.2) shows the parameters of a typical apacc.,
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Figure (4.2) Room with dimensions

Step 1: Decide the required Uluminance on work plane, the type of lamp and luminarics.

A preliminary assessment must be made of the tvpe of lighting required, a decision
most oflen made as a function of both aesthetics and economics. For normal office work,
illumimance of 200 hux is desired.

F'or an air-conditioned office space under consideration. we choose 36 W
Huvrescent tube lights with twin tube fittings. The luminaries are porcelain-enameled,
suitable for the above lamp. Tt is necessary to procure ufilization factor tables for these

haminaries from the manufacturer for further calculations.
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Step 2: Collect the room data in the

{ormal given in table (4.2).

T Region | Length ] Width ‘ High |  Ara Room
L | (m) ‘| (m) (m) (m’) . Index
| Library . 13.95 | 730 | 345 l 101.835 1.52 \
. l Tag
Table (4.2) Data for Lbrary room
Step 3: Caleulale room index.
ol Lengthx Wigth
DO ANGEY =
Hight s {Length = Wi i)
(4-1)

Step 4: Calculating the Utilizalion factor.

Utilization factor is defined as the percent of rated

Juminaries and reach the work plane. It accounts
well s light reflected off the raom surfaces.
with ite own CU table
manulacturers,
the refectance of both the walls and ceiling 15

and the type of luminaries 1s known.

known,

hare-lamp lumens that exit the

for light directly from the luminaries as

Marmfacturers will supply cach luminaries
derived from a photometric test report. Using tables available from
it is possible to Jetermine the utilization factor for different light fittings it

the room index has been determined

Step 5: Caleulate the mumber of fittings required by applying the following tormula.

=xA

N=

FulIF L=
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Where:

N = Number of fittings

T5 = Lux level required on working plane

A=Arcaolroom(l.x W)

F = Total flux (Lumens) from all the lamps in one fitting

UF = Utilization factor from the table for the futing to be used

LLE = Light loss factor. This takes aceount of the depreciation over ime of lamp output
and dirt accumulation on the fitting and walls of the building.

4.4 Sample of calculations

Library in the ground floor in the old sector

B
L15%(13.9547.3)

Room index=
From table (C-1) in appendix (C), with general reflectance’s for walls, ceiling and surface
of the Duor then:

UT (Utilization Factor) =0.8236 .............. (Using mterpolation from lable C-3)
ILF = 0.5 from table (C-2) in appendix ().

Flux = 5000 (Lumen)

After thal. number of fittings can be calculated hy:

_ 322.92x101 835
5000= (0.8236x0.8

=09819

Tahble (4.3) Ditterence between the actual and measured values.

Caleulated | Actual ' Recommended Measured
Number of | Number ot flux (I} flux (fe)
Fimgs | Fittings _

9.952 L0 30 34,38
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The difference berween the actual and recommended number of fittings forms the
amount of encrgy that can be achicved in the space, the previous note confirmed by

instrumentation using lux meter as illustrated in tahie (4.3).

4.5 Maximizing Efficiency and Quality

A comprehensive lighting upgrade achieves your qualitative lighting objectives while
maximizing efficiency and profilability, With rewards beyand the sum of its parts, this
process inlegrates equipment replacement with deliberate design, operation, maintenance
and disposal practices. This whole-system approach takes what is Irequently regarded as &
complex system of individual decisions and unites them into a strategic approach that
ensures that each opportunity is addressed and balunced with other objectives (scc Figure
(4.3)).

PO g
Yumirs il
’ " ‘ 1ﬂ L,
= | | cumnss
Ehasigr: Mest M aximize Sourca Maxinze L umins Aromatically Cipesrations and
Target Light | evals Efficiency Efficiancy Conirol Lighting AINtEnNancE

Figore (4.3) Diflerent oppartunity

4.5.1 Automatically Control Lighting

Reducing the commerled load (wattage) of the lighting system represents only half of the
potential for maximizing energy savings. The other half is minimizing the use of that load
through automatic controls. Automatic controls switch or dim lighting based on time,

occupancy, highting-level strategics, or a combination of all three. In situations where
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lighting may be on longer than needed, left on in unoccupicd areas, or used when sufficient
daylight exists, you should consider installing automatic controls as a supplement or

replacement for manual controls,

4.5.2 Time-Based Controls

The must hasio controlling strategies involve time-based controls, hest suited for spaces
where lighting needs are predictable and predetermined. Time-based contrals can be used
n both indoor and ouldoor situations, Common outdeor applications include automatically
swilching parking lot or security lighting based on the sunset and sunrise Gmes. Typical
indoor sitzations include switching lishting in production, manufactunng, and retail
facilities that operate on fixed, predelined vperating schedules. Time-based control SVstems
for indoor lighting typically include & manual override oprion for situations when lighting
is needed beyond the scheduted period. Simple cquipment. such as mechanical and
electronic time ¢locks and clectromechanical and electronic photocells, can he independent

or part of'a larger centralized energy-management system.

4.5.3 Occupancy-Based Controls

Occupancy-basud strategies are best suiled to spaces that have highly variable and
unpredictable occupancy patterns. Occupancy or motion sensors are wsed Lo detect
uccupant motio, lighting the space vnly when it is accupied. For hoth initial and sustained
SUCCESS I using occupancy sensors, the sensor must be able 1o see the range of motion in
the entirc space while avoiding cither on or off false triggering. This requires proper
product selection, positioning, and testing. Occupancy sensors should [irst be selected
based un the range of body motion expected to oceur throughout the entire lighted spacc.
Controls for hallways, for example. need only be sensitive to a person walking down a
narrow area, while sensors for offices need (o deteet smaller upper body meotion, such as
typing or reaching for a telephone. Once semsitivity and coverage aren is cstablished.
sensors are selecled from two predominant technology iypes. Passive infrared sensors
detect the motion of heat between vertical and horizontal (an patiern detection zones. This
technology requires a direet line of sight and is more sensitive to lateral motion, but it

requires larger marion as distance [rom the sensor increases. The coverage pattern and field
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of view can also be precisely controlled. I typically finds its best application in smaller

spaces with a direel line of sight, warehouses, and aisles as shown in F igure (4.4),

Prrsor Wilking

'N.,\

Figure (4.4): Infrared Sensor Coverage Parterns

Ultrasonic sensors detect movement by sensing disturbances in high-frequency
ultrasonic patterns. Because this technology emils ultrasonic waves thal are reflected
around the room surfuces, it does not require a direct line of sight, is more sensitive to
mation toward and away from the sensor, and its sensitivity decreases relative to its
distance [rom the sensor (see Figure (4.5)). Tt alsa does not have a definahle CoVerage
pattern or field of view, These characteristics make it snitable for use in larger enclosed
arcas that may have cabinets, shelving, partitions, or other obstructions, Tf necessary, these
technologies can also be combined into one product to improve detection and reduce the
likelihood of false on or off triggering. To achicve cost-effective, user-friendly oceupancy
sensor installations, both types of technologies need to he carefully ¢commissioned at
installation to make sure that their position. time delay, and sensitivity are properly
adjusted for the space and masks. To ensure proper performance, the position of hoth wall-
and cciling-mounted sensors necds v be evaluated carefully, Ultrasonic sensors, for
example will respond to strong air movement and need to be located uway from ventilation

diffusers. Infrared sensors should have their line of sight checked to ensure that it is not
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blocked by room furnishings. Both types of technologies should be posilivnad and adjusted
so that their coverage area is not allowed to stray outside of the intended control arca. All
sensors have an adjustable time delay to prevent the lights from switching off when the
space 18 occupied but there is little activity. Some infrared and a1l ultrasonic sensors also
have an adjustable sensitivity setting. Customizing these scitings tn the application 1is

necessary lo balance encrgy savings with ocoupant satisfaction,

i AT AN \
D)),
HARD ‘

Figure (4.5): Ulirasonic Sensor Coverage Patterns

Although increasing lime delays will reduce the possibility of the lighting being
switched off whilc the space is occupied, it will also reduce the enerzy savings, Setting the
sensitivity too high may tum the lighting an when the room is unoccupied, wasling energy.
Similarly, selling the sensitivity too low will creale occupant complaints, as the lighting
may turn off when the mom is occupied. Evaluating the potential savings from an
occupancy sensor mstallation should, and can. go beyond guesswork or speculation.
Although sensors primarily affeet cnergy use, they also affect cnergy demand, load on
HVAC system, and lamp life. Evaluating the economic [easibility of an installation is best
done by monitoring lighting and occupaney pattems, The use of inexpensive loggers will
indicate the total amount of time the lights are on when the space is vacant, the time of da ¥

the savings take place, and the frequency of lamp cycling.
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4.5.4 Lighting 1.evel-Based Controls

Lighting level-based strategies take advantage of any available daylight and supply only
the necessary amount of eleetric light to provide target li ghtimg levels, In addition to saving
energy, lighting level controls can minimize over lighting and glare and help reduce
clectricity demand charges. The two main strategies for conirolling perimeter fixtures in
daylighicd areas are daylight switching or daylight dimming,.

Daylight switching involves swilching fixtures ofl when the target lighting levels
can be achieved by wtilizing daylight. To avoid frequent cycling of the lamps and to
minimize distraction @ occupants. a time delay, provided by a dead band, is necessary,
Several levels of swilching are commonly used to provide for flexibility and a smooth
transition between natural and electric lighting.

Daylight dimming involves continuously varving the electric lighting level to
maintain a constant target level of illumination. Dimming systems save energy by dimming
fuorescent lights down to as low as 10 to 20 pervent of full output, with the added benefit
of maintaining consistent lighting levels. Because HID sources cannot be frequently
switched on and off. they are instead dimmed for time, occupancy, and lighting level-based

conlrol strategies.

4.3.5 Calculating the amount of energy saving

When an occupancy sensor based on ultrosonic or infrared principle is used, the
power consumed with non occupied space is saved since the lamp is tumed off in this lime
mterval, so the lighting use will be mare controllable than the previous state i.e. without

using this sensor.
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Leta Library as an example for using occupaney sensor then the amount of encrery saved
can be caleulated sing cquation (4-3):

Finergy saving per hour = total amount of lighting Power * Time light turms ol per day
(4-3)
Energy saving per hour= 2:36w=10 x| hour= 0.72 kWh

Since the hours of operation is 7 hours in the day, we can caloulate the encrgy
consumed per year. And the energy saved by the occupancy sensor can be calculate as the
dillerence berween 6 and 7 hours of operation since we have at least one hour of losing

cnergy in the missing turning on of lights ina space.

Then. the total energy saving per year can ealeulated using equation (44}

Friergy saved per year = P soved (kW) x 22RO | ogy B8 1oy Maunth (4-4)
day maounth Year
= 224.64 (kWh/year)
= ——224'5;; Sl 37.44(8/ year)

This cost of energy saving is due  the Library region as a sample for the whole study,

This study will be adapted to the old part of the building to accomplish the amount of enerpy

cost saving in a vear.

1617.4x0.65

The Cost of Encrgy saving = 30 = 260.6(8/ year)

505
Cost- lme=———=1.253 = 16 months
ost-recovery lime 17445 yeur
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4.2 Boilers systems
4.2.1 Domestic hot water

The domestic hot water load is generally estimated by assuming a constant daily

consumption of hot watcr.

Que= M Co (T, =T, ) (4-5)
Where:

M the daily consumption ol domestic hot water.

Cp =Specilic heat for hot water. (klkg k)

Ty - the hot water supply temperature,

T, : the tlemperature of cold water that must be heated to T,

Domestic hot water is waler available for hand washing, general kitchen use. and
showering and small-scale laundry aclivities. There is potential for substantial monegy and
encrgy savings even for small businesses if domestic hot water is produced and used
stficiently.

Most waler heaters consume a great proportion of their encrgy just to keep a supply
of hot water ready and waiting in the tank. The heat gradually leaks out of the tank until
the heater tums on again to heat the water back up. Reducing hot waler consurnption and
replacing an old water heater with a new, more efficient model are simple but effective
changes. You can further reduce your hot water use by buying appliances with low water
usage, such as front-loading (horizontal-axis) washing machines, and by installing water-

conserving plumbing fixiurcs.

Although it is not often feasible to eliminatle water heating entirely, it is pussible to
substantially rcduce the need for water heating without making larse-scale changes to
mstallations. It highlights simple opportunities t improve the energy efficiency of the hot

watcr supply, consequently saving on running costs.
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Each question in the energy audit checklist has a space where yOu can write your
energy efficiency improvement ideas. You should refer to the explanatory notes when
considering what can be done to improve energy efficicncy. You may need to fake
additional notes and attach them to the cheeklist, ar attach other relevant documentation
(such as instruction sheets and site plans) in order to support the improvement ideas and

completely document the audit process.

4.2.2 Design of a programmable circulation system for the domestic hot water
based on PLC (Programmable Logic Controllers)

Figure (4-6): programmable circulation system for the hot water.

Heal and waste water conservation can be done by design a controlling unit which
recireulates the unused hot water that escaped away from the boiler outlet as illustrated in

figure (4-6). This process can be done by installing valves and small pump to move the
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water again o the bailer according o the specific head required |, all these electrical
devices controlled hy & PLC program.

When the person use un amount of hot water, the remaining amount of water in the
pipes has an amount of heat that will be transmitted through the pipe surtace away from
the control volume, this amount of waste heat can be pumped again Lo the boiler tank using
small pump,

I'he procedure of the regulation process for the svslem can occurred by installing
three solenoid values (Y1 ,¥2, ¥3) al the fixture autlet , outlel of the bailer, suction pump
line , respectively . Starting switch (81) must be pul at the fixwure outlet and flow switeh
(52) before the pump (at the suction line) to detect the water flow in the pipe. Y1 can open
W give the required amount of water to the user, after 81 has closed, then Y1 and Y2 arc
closing together to forbid the flow, and Y3 is opining at this state (o reflect the direction of
{low to the pump suction line, this step initiate the flow switch to operale the pump dircctly
to move the waler Lo the boiler, The figure (4-7) below describes the process occurs.

In the state graph method, the starting state is always (F0), each state is activated by
the previous state and the conditions of il. Then the same state is deactivated with the next
state ol vperation. In the first state of the process (81) is activated to get the hot waterfrom
the builer to the user, aller (51) deactivated (Y1 and Y2) are to shut off but latest amount
of water stay in the pipe so (Y3) opens directly to convert the flac direction to the pump
suction line, water activates the flow switch (82) to tumn the pump on, The pLUMp S12Ys in

operation while (S1) activated again or deactivation of the flow switch (82).

Each state can be cxplained by S-R Tlip Flop as shown in Figure (4 - 8), S-R Flip
llop contains twe ping for input (Set and Reset) and one output (Q) it is equal to | when
the 5=1 and equal to z¢ro when R=1.

The output of the system described hy OR gate, the activation of thege output is controtled

by the state itsell as shown in figure (4 - 9),

Where:
Signals detection by

S1: Normally open swilch when 81 is activated, then $1 = 1.
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32: Normally open switch when S2 is activated, then 82 = |

Output:

Y1: Solenoid valve at the fixture outlet. When it is activated, then Y1=1

Y2: Solenoid valve at the boiler outlet. When it is activated, then Y2=1

¥3: Solenoid valve at the pump’s suction line. When it is activated. then Y3=1
I': contactor to operate the pump. When it is activated, then P=1
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Iigure (4-7) state graph representation
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Figure (4 - §): description of statc using (S - R) Flip Flop.
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Plumping problem rise up with this procedure contains the vacuum pressure will
cxerted by the pumping procoss, especially with the poor venting in the piping system, A
venting line poes from the outlet boiler 1o the high level of the supplying tank as 4 solution
of the plumping problem this will make balancing it the pressure inside the pipes.

4.1.3 Energy saving exerted by using the programmable circulation System
The pipe has an amount of heat that can be caleulated using the followin g equation:

e=MC (7, -T ) ; (4-6)
But Mwui%mm=pv@mm]ﬂ {4-7)
Then equation (4-6) will a1 the form:
=pvL C(F,-T,)

7T -
=p 3 DL G0, -T.)

Where: |
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q: amount of heat that is carmied by the walce in the pipe. (K1)
M: mass of water exists inside the pipe. (kg)
T, water outlet temperature from the boiler. (C7)
T. : water outlet temperature from the pipe exit. (C°)
p— Density ol saturaled water and its value is 990.6 {kg,i'ml}
v = Volume of water inside the pipe. (m’)
L= Pipe length. {m)
Then:
q=090.6% "—; [u.ﬁzzxu.usz wbx1174%(43.3=T)
=199.614 (kI

This amount of heat can be saved by recirculate the water o the hoiler but when this
amount exists mside the pipe, hoat is (ransmitting from the water by convection , through

the pipe surface by comduction and finally by convection to the outside air.

This transmitted heat can be calculated using the following eyuation:

Do = 3= (4-8)
AT — Temperature difference hetween the water and the vutside air.(C%)
Ry, = Thermal resistance for the heat Mow.(C*/W)

Rui= h_]&h £~ E:;rkf 2 h:Aﬂ @)
Where:

h, = wonvection heat transfer cocffivient of the outside air, it 18 cqual 10 937 (w.c’m?.{".":‘]
A= outside area of the pipe. (m')

r,— outside diameter of the pipe. (m)

1= inside diameter of the pipe. (m)
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Q=

Y =

Re=

k = thermal conductivity of the pipe metal (steel), (W/m.C®)

L = length of the pipe. (m)

Ay = inside area of the pipe. (m’)

hir= convection heat transfer coetlicient of the water inside the pipe. [mez.Cﬂ]
Convection heat trunsfer coellicient (hix) can be calculated usin g the following equations:

Flow rate has been measured using a basic method, by measure the time (sec) of passing o
specific amount of water (1.).

198176 10%(m* /5)

dxQ)

: 4-10
xx D’ ( )

43198.176 2 10
7%(0.622 %0,02547)°

=1.005(m /)

pvD
U

(4-10)

_ 9906 1.005%0.622%0,02547

S iei0 = 2.5603x 10" > 4000 Turbulent Flow
8 {3

Pr=4.04 from appendix D table (D-15) (Pr: Prantle No ; Nu : Nusit No)

Ny

=(0.023) Re™ pr™ (#-11)

=(0.023) (2.5603x 10")™ (4.04)™ = 135,176

hi= E*'“- % Nud (4-12)

rips

0.637

= x135.176 =5435250% /m*C")

h

(0.622x0.02547)

1 In(R,/R,) , |

T b (#D,L) | ZmkL (+D,L)

B5
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R,, = 0.26554 (C° /W)

AT _ (43.3-10)
: = = — = 125409 (W
Qs R, 026554 A

This amount of heal that transmitted through the pipe surface can be saved when the
programmable circulation system is uscd.
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Chapter Five

5.1 INTRODUCTION

The mechanical heating or cooling load in a building is dependent
upon the various heal gains and losses expericiiced by the building including
solar and internal heat gains and heat £ains or losses due 1o transmission through
the building envelope and infiltration (or ventilation) of outside air. The primary
putpose of the heating, ventilating, and air-conditioning (HVAC) system in g
building is to regulate the dry-hulb air temperature, humidity and air guality by
adding or removing heat encrgy. Due to the nature of the energy forces which
play upon the building and the various Lypes of mechanical svstems which can he
used in non-residential buildings, there is very liltle rclationship between the
heating or cooling load and the cnergy consumed by the HVAC system. This
chapter outlines the ressons why energy is consumed and wasted in HVAC
systems for nonresidential buildings. These reasons fall inlo a variely of
categories, including encrgy conversion technologies, system type selection. the
use or misuse of oulside air, and control strategics. Following a review of the
appropriate concerns to be addressed in analyzing an existing HVAC system, the
chapter discusses the aspects of human thermal comfort. Succeeding sections deal
with HVAC system types, encrgy conservation opportunities and domestic hot

waler systems,

5.2 SURVEYING EXISTING CONDITIONS

As presented in Chapter 3, the first stage of any effective energy
management program is an cnergy audit of the facility in question, In surveying
the HYAC sysiem(s) in a facility, the first step is to find out what vou have to
work with: what equipment and control aystems exist. It is usually beneficial to
divide the HVAC systems into two categories: equipment and systems which
provide heating and cooling, and cyuipment and systems which provide
ventilation. It is cssential to fully document the type and status of all cquipment
from major components meluding boilers, chillers, cooling towers and air-
handling units to the various control syslems: thermostats, valves and gauges,
whether automated or manual; in order to later determine what clemente can be
replaced or improved to realize a saving in energy consumed by the system. The
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second step is to determine how the system is operating. This tequires that
someone measure the operiting parameters to determine whether the system
actually operates as it was specified 1o operate, Determine the system efficiency
under realistic condilions. This may bc signilicently differcnt from the

theoretical or full-load cfficiency. Determine how the system is operated.,

What arc the hours of operation? Are changes in system controls
manual or automatic? Find out how the system is actually operated. which may
differ from how the system was designed to be operated. It is best to talk o
operators and/or users of the system who know a lot more gbout how the system
operates than the engineers or managers. If the system is no longer operaling at
design conditions, it ig extremely useful to determine whal factors are
responsible for the change. Potential causes of operational changes are
modifications in the building or system and lapses in muinténance. Have there
been structural or architectural changes to the building without corresponding
changes lo the HVAC sysiem? [1ave there been changes in building operations?
Is the system still properly balanced? Has rouline maintenance been perfurmed?
Has scheduled preventative maintenance been performed? Finally, it is uselul fo
determine whether the system can or should be restored to its initial design
conditions. If practical, it may be heneficial to carry out the needed maintenance
before proceeding to analyzc the system for further improvements. Towever,
some older systems are so obviously inefficient that bringing them back to
onginal design parameters is not worth the time or cxpense. Refore continuing
with an analysis of the system. it is also useful to determine future plans for the
building and the HVAC system which can sericusly alTect the energy efficiency
ol syslem operation. Arc there plans to remodel the building or parts of the
building? How extensive are proposed changes? Are changes in building
operations planned? Document everything. Only when you have a fisll record of
what the system consists of, how it is operating and how it is operated, and what
changes have been made and will be made in the future, can you properly
evaluate the henefit of encrpy conservation techniques which may be applicahle

to a particular builthing system.
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Buildings generally consist of a number of rooms which may have
dilferent energy and moisture gains or losses — the loads. Loads exhibit both
scasonal and diurnal variation. Adjacent rooms with similar loads arc usually
lumped together inlo one some which is controlled by vne thermostat. Air
handlers in an HVAC system can he designed to condition one zone (called
single zone systems) or multiple zones (called multiple zone systems).
Residences and small commercial buildings are usually designed and operated
as single zone spaces.

Figure (5-1) indicates the total cooling terms exists in a space,

=T Conduction (rvof. walls, glazing)
Load s =1 Conduction (ground)
(heat supplied Space === Air exchange, sens. + latent
or removed tobe  ~e4— Solar radiation
b}?. HNAL conditioned et People, sens. + latent
SRR —s——— bquipment, sens. + latent
- [Lights

Heal capacity. sens. + latent

Figure (3.1): Principal terms for space to be conditioned

%.3 Heat Bulance

Loads are the heat that must be supplied or removed by the HVAC
equipment to maintain a space al the desired condilions. The calculations are
like accounting. One considers all the heal that is generated in the space or that
flows across the envelope; the total energy, including the thermal encrgy stored
in the space, must he conserved acconting to the first law of thermodynamics.
The principal tcrms are indicated in Figure (5.1). Qutdoor air, occupants, and
possibly cerlain kinds of equipment contribute bath sensible and latent heat
ternis.

Load calculations are straightforward in the static limit, i.e., if all
nput is constant. That is usually an acceptable approximation for the
calculation of peak healing louds. But for cooling loads, dynamic effects (i.c.,
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£

heat storage) must be taken into account hecause some of the heat gains are
absorbed by the mass of the building and do not contribute to the loads unti
several hours later. Dynamic effects are also important whenever the indoor
temperature is allowed to Moal. Sometimes il is appropriate to distinguish
several aspects of the load. If the indoor temperature is not constant, the
mstantaneous load of the spuce may differ from the rate at which heat is heing
supphied or removed by the HVAC equipment. The load for the heating or
caoling plant is different from the space load if there are significan! losses from
the distribution system, or if part of the air is exhausted to the outside rather
than being retumed to the heating or cooling coil,

It is convenient to classify the terms of the static energy balance according to

the following groups,

The scnsible energy tenms are:
Conduction through the building envelope other than ground
Conduction through the floor,

Heat due to air exchange (infiltration and/or ventilation)

The latent heat gains are mainly due to air exchange, equipment (such as in the
kitchen and bathroom), and occupants. The total load is the sum of the sensible
and the latent loads.

During the heating scason, the latent gain from air exchange is
usually ncgative because the outdoor air is relatively dry. A negative Q. as
indicated in equation (5-1) implies that the total heating load is greater than the
sensible heating load alone hut this is relevant only if there is humidification to
mamtain the specified humidity ratio 4. For buildings without humidification,
ong has no contral over i, and there is not much point in calculating the latent

contribution to the heating load at a fctitious value of P4,

ern‘.f - Qr‘df T + Qﬁl! L + (gqu.'.'q.'r I
; (5-1)
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5.6 Cooling load

It 13 in summer and it is the rate at which heat must be removed from
a space in order to maintain the desired conditions in the space, generally a dry-

bulb temperature and relative humidity, It contains:

1- Heat gains (hat transmitted through building structures such as walls, foars
and ceiling that arc adjacent to unconditioned spaces The heat transmitted is

caused by lemperature difference that exists on both sides of structures.
2- Heat gain due to solar effect which include:

a- Solar radiation transmitted through the glass and absorbed by inside surfaces

and furniture.
b- Convection heat gain,

3- Sensible und latent heat gains brought inlo the space as a resull of the

ventilation process and inliltration of air through windows and doors.

4- Sensiblc heat produced in space hy lights. appliances, motors and other

miscellaneous heat gains,

3- Latent heat produced from hot baths, or any other moisture praducing

equipment.

G- Sensible and latent heat produced by cecupants' .1t is an important load since

we have high occupancy.
7- Miscellaneous load, such as heat loss through the duct surface.

All parts combination of the cooling load are deseribed in equation (5-2);

Qroctiog = Q1w + Q. HQ g+ Qs (5-2)

where;
Q cogting: Total cooling load (kW),
Q 1c « — Heat transmilted through walls, windows, doors.
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Q veu = Heating Toad Zained by ventilation,
Q Chegupants: — Huu’ring gain by persons.

Q 8.~ Heat gained by equipments.

3.6.1 Building Heat Transmission Coefficient

One of the most nportant tenns in the heat balance of & bui Iding is
the heat flow across the envelope. Heat [low can he assumed 1o be linear in (he
temperature ditference when the Tange of temperatures js sufficien tly small; this
18 usually a good approximation for heat flow across the envelope. Thus one can
caleutate the heat flow through cach component of the building envelope as the
product of its area A, its conductance {/, and the di flerence /Ty — {) between
the interior and outdoor temperatures. The calculation of 17 (or its inverse, the
7y, value). Here we combine the results for the Componcnts to obtain the Latal
heal Mow.

5.6.1.1 Heat transmitted through walls & doors

This amount of heat can be culculated using the following equation:

Q Tramsmitted throngh watts, dpers = UA (CLTD) 4, (5-3)
Where;

U = Overall heat transfer coafficient, (W/m*.C)

A= Surface ares of heal transfer. (m%)

(CLTD) sor = is called cooling load termperature difference (C) , il can be

calculated usin £ cquation (5-4) .
(CLTD) corr = (CLTD+ LM) x K + (25.5-Ti) + (290.4 =T'o,m) [ {5-4)

LM: Latitude correction factor for horizontal and vertical surfaces (9-2),
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K: colors adjustment factor such that k=1.0 for dark colored roofs. & k=0.65 for

Permanently Light colored walls,

DR: the daily temperalure range which equal to the difference between the
Average  maximum and Average minimum temperature for warmest month of

the summer scason.

5.6.1.2 leat trunsmitted through glass

To caleulate the contribution 1o the cooling load, the daily maximum
of the solar heat gain is multiplied by the cooling load factor, Thus the actual

cooling load ul time t duc to solar radiation is given by the formula

(Q st g stiee = A % SHG % SCx CLF {3-5)

SHG = Solar Heat Gain from table (D-20) in appendix . (w/m®)

SC — Shading Coefficient (D-21) in appendix D.

CLF = Cooling Load Factor.

5.6.1.3 Heat gain through glass by convection

Q tonvection = UA % CLTD¢en (3-6)

CLTD: cooling load temperature difference. From appendix D, table (D-24)

S.6.1.4 Heat gain due to equipments: Scnsible and latent heat

5.6.1.5 Heat gain duoe to Lights

Q ighe=n% (PorxFy FyxCLF)yy, (5-7)
n = Number of lamps.

Py v= The lamp rated powier in walls,
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Fi-= The fraction of hutnps that are in use

Fy = The ballast factor that equal to (1.2) for florescent lamp and (1) for
ordimary lumps

CLFyy = Light cooling foad factor, from table (D-27) in appendix D,

Diversity factor for selecied Appl. from table (D-26) in appendix D.

5.6.1.6 Heat due to Occupants
Q'—'HKQ;HCLF+{HKQL}KDA' (5-8)
1= number of persons,

Q: = Sensible heat, from tahje (D-14) in appendix D,

Qv = Latent heat, from table (D-14) in appendix D,

5.6.1.7 Heat gain due to ventilation

Q Vemilaion . Toel — JY1 % (huu[ = .hin) [5-5”

Q"mlﬂﬂm.uh-lﬂe: ﬁ}f Cl" x (T‘U-Tij sIN= 'v—f—
k

V=1 * recommended air (L/s) / 1000, (m'/s)

v = specific volume at the state of outside air,

Cy= specific heat for air = 1.2 (kI'kg k).

Recommended air: from table (T-17) in appendix D).

Q vensiesin taar= Op . v=my x (Wi W) 3¢ g (5-10)

Or Qy=m;« (hy - 115) »QLv= Qv — Qs
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5.6.1.8 Heat Gain by Infiltration
Estimation of infiltration due to door opening:

The amount of air entering each time a door is opened depends on the
type of the door, number of entrance passages and weather there are doors in
one wall only or more than one wall. The amount of infiltrated air through
various types of doors is given in table (D-17) in appendix D far summer air
conditioning. For winter heating, infiltration amount of table (D-17) are
increased by 50%. Table (6-6) gives the expected number of entrance passages
per occupant per hour for different commercial cstablishment. T such
information is not provided in table (6-6) then, number of door opening for
other types of establishments cen be determined using the following

relationship,

Door opening  NF

hour nt )

Where N is number of people in the establishment, F is the factor for arrivals
and departure of occupants. Its value is equal to 2 for light traffic and 1.33 for
heavy traffic, ( is average time of occupancy in hours, and n is the number of

doors.

For muny commercial application such as restaurants, banks, drug stores, cte.
the infiltration of air due to door opening far vxceeds the air infiltration through
windows and doors cracks. In addition, heat load due to door apening may be
considered as the major component of the total heating load of the space,

From table (6-5), the infiltrated air m’/passage

1

Number of passages

For number of passage —»
passage hour
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Number of Passages or door opening = Hrt_
n

N = Number of people.
= factor for arrivals and departure =2 for light traffic or 1.33 for heavy traffic,

1 = number of doors.

L= time of pecupancy.

In this study the number of door opening is meastred during a time interval,
using a counter which illustrated in figure (3 - 3),

The ather source of infiltration is due to the crack of doors and windows; it's
caleulated by the crack age methad:

The erack age method is based on the length of the crack or the perimeter of he
window or the door, and the square rool of the pressure difference across the
crack. The infiltration rate per unil length of ecrack for different style of
windows and doors under different wind velocitics are miven in table.

Tt should be noted that air which enters by infiltration from the wind windward
side of the huilding leaves the building from the lee ward side, or through
vertical vpenings. As a result of this, only one half of the length of the crack of
4 room is used in the computation of infiltration. But, if the room has only one
exposeid side, then the total length of the erack is used. For rooms with two or
more exposed walls, the wall with the longest crack is taken to estimute the
inliltration rate.

5.7 Design conditions

In summer;

Outside design temperature — 33 C.

Inside design temperature =24 C.

Z
Tmc,ﬂuh.ﬁlkn‘dlinnmz Tu+ § = {Tm'TTl|)=3ﬂ'cn (5—12_"]
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R.H, Out = 60% = 22.7 win,C
R.H, Out — 50% B =937 win®.C

Touw.n—To - ~DTR =250C"

DR=16C.
IM=-1.1 (N).
— 0.0 (E).
— 0.0 (W).
~0.5(8).
CLTD = 1} for heavy walls.
k=0.65
f=1
= CLTD o — 11.885 (N) CLTD g = 12.5 (E. W)
CLID .= 12.825 (8)
Sample calculation for “Foyer” space:
Q Trummitted through wulls doors = UA (CLTD) (g,
Q caiing= (1.004) 3 (203.7) » (33-24) = 1840.63 (W)

= Q trnmsmiticd through gnss = A {E-HG} {SC} {CLF]

Q iss windows (o) — (20:22) * (691) x (.37) = (.82) = 6530.522 (W)

= Q conveetion, Giss = UA (CLTD) gour

Q s window= (1.842) % (25.02) % (14.4) = 663.65 (W)
- Q sguipments — Loud (Power) ol equipment (W)

Q Byuiprens = 0 (W) (No equipments in the spacc).
= Qg =1 (Pyy) ¥ (Fy Fy) x (CLF) o1,

Q Ligre =(21) 3 (L00) x (1) x (1) x (0.89)= 1869 (W)

- Q occaprney =1 %Qs x CLF+(n x Qu) » Dr
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®

= Q‘-’uﬂuh.u.n.umuu:_ v_r'x El' = {T[‘I = T'i]
v

The first Package unit distributes ils load to the theater and preparing rooms uas
listed intahles (5-1),(5-2):

Cooling Load for First Package

Table (5 - 1) Cooling Load for the theater

| Space :- Theater Area :- 432.58m )
Load Sensible | ILatent Total
combination load load load
(W) (W) (W)
Q Transmired 11502.404 Q 11502.404
hrgugh salls doors
Q conFentinn glass 0 'D 0
| Q gines Tranwmitied 0 0 0
(O — 630 0 650 |
Q Linis 720544 0 7205.44 |
Q ocinpancy 207236 10800 31536
_ Q vestiiation 36201.1 100558.6 1367597
Q ramikration §31.42 2309.5 314092
. Total 77126364 113668.1 1907945 |
Table (5 - 2) Cooling Load for the preparing rooms
Space:-  Preparing rooms Area -39.1 m’
Load Sensible Latent I'nial
combination laad load load
(W) (W) W)
€ Transmibicd thenigh 2048222 4] 2048222
= walls ddndrs
Q convemtion plass 0 0 0
Q piasr Tramumiticd 0 0 0
Q rquipmens 0 ] 0
Q Lighis 556.25 0 556.25
L)L — 331.76 343.2 674.96
Q ventitation 603.2 1676 2279.2
Q aniiraies 516.951 1435975 | 1952.926
Total 456383 3455175 | 7511.558
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The second Package unit distributes its load to the foyer space and bathrooms as
listed in table (5 - 3):

Cooling Load (or second Package:

Table (5 - 3) Cooling Load for the Foyer space

Space:-  Foyer space Area :-203.7Tm’
Load Sensible Latent Total
combination load load Inad
(W) (W) (W)
R, 6163.475 0 6163.495
Wl chmrs -
Q eomventive glms 2119 9"15 ﬂ - 21391&
Q stess Trammivmd 22089.07 0 22089.07
Q Equipeiments _p ] ()
Q Lignes 2349.6 0 23496
Q{!wq;-ng; 27T _2145 4852
£ vVenitssinn 40221 11172.5 15194 6
= Q ImiTlirasion 273043 | 55 | 5.4 11295.88
Total 42361.69 | 21831.9 64194.59
Bath Fan coils distribute its load 10 the open area:
Cooling Load for Fan eails:
Table (5 - 4) Cooling Load for the Open area
| Space:-  Openurea Area :- 391,335 m’
' Load Sensible Latent Total load
comhination load load (W)
(W) (W) |
Q Tranamsised ihroegh 6045.5917 0 6045.5917
S —
| Qmwuﬂll plass | n i) D
0 s T sssariiticd {0 4] 4]
Q Equipmenss 0 b ]
Q Lighns 820.06 0 820.66
Q ocvapany 2033 2670 4703
Q veatiiation 3268.1 90782 12346.3
9 Infltratinin 380,100 1 1393'}4 1520
Total 12553.46 12888.09 25441.55
Table (5 - 5) Ventilation in the bathrooms
Bathroom Cooling ventilation sensible Latent Total |
(W) (W)
Basement 4593 1563731 15642
| Ground 1810.5 5027.488 6837988
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5.8 Heating Loads

Since the coldest weather may oceur durin & periods without solar radiation. it is
advisable not to rely on the bencfit of solar heat gains when caleulating peak
healing loads (unless the building contains long term storage). If the indoor
temperalure 77 1s constant, a static analysis is sufficient and the calculation of
the peak heating load is very simple. Find the design heat loss coefficient Ktor,
mulliply by the design temperature difference 77 -~ To. and subtract the internal
heat gains on which one can count during the coldest weather to find the design
heat load. However, it is also Decessary to warm a space that has had night
sethack. In a given situation, the required extra capacily, called the pickup load,
depends on the amount of sethack 77 To » the aceeptable recovery time, and
building comstruction. For reasonable accuracy, a dynamic analysis g
recommended. Optimizing the capacity of the heating system involves a
tradeolT between energy savings and capacity savings, with due attention to part
load cfficiency. As a general rule for residences, ASHRAE (1989a)
recommends over sizing hy about 40%, for a night sethack of 10°F (5.6 K}, o be
inercased to 60% over sizing if there is additional sethack during the day. Tn any
case, some flexibility can be provided by adapting the operation of the building.
If the heating capacity turns out insufficient, on¢ van reduce the depth and
duration of the sethack during the very coldest periods, [n commercial buildings
with mechanical ventilation, the demand for cxira capacity during setback
recavery 1s reduced if the outdoor air intake is closed during unoccupied
periods, In winter that should always be done for emergy conservation (unless

air quality problems demand high air exchange at night).
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5.8.1 Heating Load Calculations
1. leat loss through walls, doors, windows:

Q=UAAT=UA (I In, dosign ~ Loue}
2. Heat loss by Ventilation process:

Qiu=Ex Ce % (T usign = To)
¥

Qr.v=mex (hi  hy).
3. Heat loss by Infiltration, using Door Opening Method. Madification of values in
table (6-5), by increase 50%, must be occurred to get the true values.

5.8.2 Design conditions in winter
Ouiside lemperature — 4 (C°),

Ingide design temperature for the preparing rooms = 22 (7).
Inzside design temperature for the other spaces = 18 (C°),
Outside relative humidity = 70 %

Air velogity = 1 4 (m/s)
: 2
Turneated spaces = | Tn +§ (T out=T II:I)

-2+2(-2)

T Ushested spaces= 10 (C).
T Grewme= 10(T")

¥ o i (T=407) & =700y = (179 (m/Kp).

h s =13 (kI'Kg)
hia =44 (KJ/Kg)
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For the open arca:

l'able (5-6): Heating load guantities for the open arca.

Load type Q, ' QL Q;
(W) {W) (W)
Q vals wtoors windows 7713.16 0 7713.16
Q Veutitatio 3759.3 2879.75 8639.25
| Q tufiiration 506,808 126,702 633.51
| Qrem | 16985.02 Sy

86




| 86LPES6 | |

e 2 e

,T | T R B | ;,
6EpLs | SLBFLL AT ll BTV SPEL \f BEE'I66 T% 1 | T9T'986E ;ﬂi oL l

l| Hﬂmmw t po8cE | BET6TL LDY88S L LERUpe | LOVE 9LI6E6 AN

| | B s
J gigzsgy | 66%8SE | BET6TL LOY 8RS Lﬁhmw%m LLOFE  PSOSPL €
s Tt ,ﬁa =8 1S o 5 #,

,\mﬁmmﬁ L_l.minm Tmmn.mﬁl.lﬁlﬁ_;mml\f | ugsupT | LEOVE |+|.||.ﬂ|a£ #|1
| | | | | ,

R ol |
| () () i | |
. T L ey R . S ..

-gooe Sunedaud oy 10 uonEmalEs peo| BUlESH A

-gILI00] (RIS AL 104




B8

CF8ROT %301,
$'ET6 9L'P81 PO 6EL 79696 pUg681E | orieces Z09S 1 speayy,
D W D 0 e D
Ry
S
(AL "eneonueg 2y _ (AQ) Menmmuag Ay VHEAL Py 2edg

“187Bal]) Ay 10] HONBINO[E) peo] Sunesp] (g-<) ajgr ]

ranvds 1aear) 104

AT 1mdeny




68

60'PFPES e &
- T,
SEPEBEL §T 9956 E1'89TF R'CCRLL EGPPE] LR LLTO] FEO0tElT
(a0ng
PUERDITY)
0 ] 0 $ICLE EXLES LB GRIE 0 s |
aseds
REFEREL £L79956 E1ROTE I018 EEI0] 980L FEIOLE1T aading
D D D D 0 D
m.-g—.-._
ST
(AL) "OREOWE] 2y _h\..r.__..."_ Ll LY H-. S Ww 208 _..um

00]] pUNIS 841 U SOOI EY Sy} pum dands Jado) 107 uone|naEa prof Funkay (6-¢) 3[qeL

00 pUnQLs ay w swoonjied pue sards 1akof 10,0

ALy doydey )y



Chapter Five

5.9 Matching Loads to Source

Comparison between the actual load for the device and the calenlated load

based on the design conditions of the relating region.

Table (5-10): The total actual and designed loads for each HVAC system,

HVAC I Actual Load Actual Load Calculated Load for
Unil for Levice for Device the space (KW)
(tom) (kW)
First 75 132 | 9%_300
[ Packaue
' Second 75 132 71.032578
Package
Fan Coeil 10 52 32.087
No.1 :
Fan Chail 10 33z 32.097
No.2

5.10 Opportunities for energy saving in HYAC

5.14.1Rising the inside design dry bulb temperature in summer conling

Normal conditions inside the space 15 (Ty = 24 C°, ¢ = 50%), but the

human comfort region let the designer to select a Ligher temperature than the
comfort point on psychometnic charl. we select (T, = 26 C°, ¢ = 50%) and
make comparison between hoth cooling loads which relules to sach temperature

respectively,

Temperature sensors must be put inside each space (Theatre, Gieneral open area,

Small preparing rooms and Fover space) lo keep the temperature in the

specified region. Results of this process are illustrated in the following table.
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Chapter Five

5.10.2 Mixing of hoth humidificd adiabatic uir streams

5.10.2.1 Psychometric Properties of Moist Air

Psychomeitric is the study of the properties of moist air, i.e., a mixlure
of air and water vapor, A thorough understanding of psychometric is essential
since it is fundamental to understanding the various processes related to air
condilioning. Atmospheric air is niever lotally dry; it always contuins Varying
degrees of water vapor. Just like relatively small amounts of trace materials
drastically impact the physical properties of steel alloys, small amounts of
meisture have a large influence on human comfort.

The amount of water vapor contained in air may vary from near zcro (totally
dry} to a maximum determined by the temperature and pressure of the mixture,
Properties of moisl air can be determined from tables or from squations , and
steam lables, or from the psychometric chart. Moist air up to about three
atmaspheres pressure can be assumed to obey Lhe perfect gas law. Assuming
dry air to consist of one gas only, the total pressure pt of moist air, given by the
Gibbs-Dalton Law for a mixture of perfecl pases, is equal to the individual

coninibutions of dry air and waler vapor, equation (5-13),
=P TP (5-13)

Where pa is the partial pressure of dry air, and pv is the partial
pressure of water vapor. It is because pv << pa thal we can implicitly assume
water vapor also follows the perfect gas law for atmospheric air. The
thermodynamic state of an air-vapor mixture is fully determined il thres
independent intensive properties are specified. Since one can assume for most
of the HVAC processes being studied that the total atmospheric pressure does
not change, @ chart known as the psychometric charl, applicable to a specific
value of total pressure (commonly the standard atmospheric pressure), is used.
The psychometric chart nat only provides a quick means for detenmining values
ol moist air propertics, it is also very useful in solving numerous process
problems with moist air and allows quick visualization of how the process
occurs. Hence, for beller comprehension, we describe the manner in which it is

generated along with the description of the pertinent moist air properties.
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The primary moist air properties shown on & psvehometric chart are described
below:

o Dry-bulh temperature:
Ts or L is the temperature of air one would measure with an ordinary
thermamcter. This property is the x-axis of the psychometric chart.

e Soturation pressire ol water yapor:

Pe OF Pya can be determined or oblained from steam tables,

e Humidity ratio or specific humidity:
(w) is defined as the ratio of the mass of water vapor to that of dry air, 1.,
Using the ideal gas law under saturated air conditions, where V 18 an arbitrary
valume of the air and water vapor mixture, R is the universal gas constant, M.
is the molecular weight of dry air, and My, 1s the molecular weight of water .

The shove formula then reduces to

_mass of waler vapor

0= : 5-14
mass of dry air 2
my
)
ma
0.622x% E
m: - 5-
Pi"]').:. [ 15}
£.10.2.2 Psychometric Processes
Nr-Caniiening Fresssss
A Humathing oriy
I Haaiog e humiclying
£ Sanalsh nessng only
0 Cramical dobumafng o
€ Dabhumiciying only =
F  Comlrg anc debumoifring
G Secrkia woling oy é
H Evapamshe sy Sl z
g
E:

-]
n

DRY-BULS TEMPERATURE

Figure (5-3) the process’s direction that is possible on the psychometric chart.
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Chapter Five

Analysis of moist air processes with varions HVAC devices
essentially involves a few fundamental processes. discussed helow. Consider a
duct containing a device through which moist air is Nowing, The device could
be a cooling or healing coil andior a humidifier. The analysis of moist air
processes flowing through such a deviee is based on the laws of conservation of
mass and energy. Although in actual practice the properties of the moist air may
not be uniform across the duct cross section especially downstream of the
device), such phenomena are neglected, and the focus is on bulk or fully mixed
conditions. Further, assuming (1) steady state conditions and (2) a perfectly
insulated duct.

5.10.2.3 Sensible Meating and Cooling

A process is called sensible (either heating or cooling) when it
involves a change in dry-buth temperature only (i.e., the moisture content
specificd by the specilic humidity is unchanged in a sensible heating or cooling
process). This could apply lo either heating (an increase in Tg,) or to cooling (a
decrease in Typ). In such a case, mw = 0, and W1 = W2. The system equation js:

Q=m_ x(h, -h)) (5-16)
Where:
ma 5 mul - ma’a‘

The process of sensible heating or cooling is represented as a straight line on the
psychometric chart as shown in Figure (5-3) such a process occurs from point
(G ) to point (C) when moist air Nows across a cooling coil when condensation

does not oceur,

5.10.2.4 Cooling and Dehumidilication

This process occurs when conditioning outdeor air in summer or in
mternal spaccs where heat and moisture are removed by cooling coils in a
conditioned space. For (his process to ocuur, moist air is cooled 1o temperature
below its dew point. Same of the water vapor condenses oul of the air stream,
Although the actual process path varies depending on the type of surface,
surface temperature, and flow conditions, the heat and mass transfer can he

cxpressed in terms of the initial und final states. As shown in Figure (5-4), a
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certain amount of moisture condenses out of the air stream. Although this
condensation accurs at various temperatures ranging from the initial dew point
Lo its final saluration temperature, it is assumed that condensed water is cooled

to the final air temperature t2 hefore it drams out. The system equations arc:

Rate of water condensation;
m,, =m, (o, - m.‘,‘) (5-17)

Rate of total heal transfer:

= “13[{}1-_ -h,) - (o, - mz)hu,z] (5-18)

DB

Figure (5-4): cooling and dehumidification process on psychometric chart.

The above cquation gives the iotal rate of heal transfer from the moist
air. The last term is usually small compared Lo the other lerm and is often
neglected. Cooling and dehumidification processes involve both sensible and
latent heat transfer. The sensible heat transfer gs results in a decrease in dry-
bulb temperature, while the latent heat transfer gl is associaled with the
decrease in specific humidity. These quantities can be estimaled as follows.

Let point “a” be the intersection pain between the constant dry-bulb
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temperalure hne from point 1 and the constant specific humidity line at point
1 (see Figurc (5-4). Then:

Rate of sensible heat transfer equation :

Q, =m_ x(h, -h,) (5-19)

Rate of lalent heat transfer:

Q, =m,(h -h,) (5-
20

It is customary to characterize the relative contributions of sensible
and latent heat transfer rates by the sensible heat ratio (SHR) where SHR is
defined as follows as indicated in equation (3-20):

Q T (5-20)

5.10.2.5 Mixing Of Outdoor Air and Recirculated Air

A space is air conditioned to offset the heating and/or cooling loads
of the space as a result of envelope heat transmission. ventilation air
requirements, and internal loads due to occupants, lights, and equipment. The
calculations invelved in air conditioning design reduce to the delermination of
the mass of dry air to be circulated, its dry-bulb temperature, and its humidity
level that will result in comforlable indoor conditions for the occupants, Let Q.
and Qi be the sensible and latent loads on a space to be air conditioned, The
latent load is duc to the sum of all rates of moisture gain designated by mw.

Assuming steady conditions, the sum of equations (5-19), and (5-20) give:

Q; + Q]. = mn x{hl 3 hl} (5-21)
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Outdoor air is required continuously lo ventilate occupied spaces in
commercial and institutional buildings. This ventilation air is used to control the
concentration of airbome pollutants indoors by diluting them with cleaner
outdoor air. The minimum amount of outdoor ventilation air that is required in a
space is determined hy ASHRAE Standard 62, “Ventilation for Acceptable
Indoor Air Quality”, This voluntary standard developed within ASHRAE has
been incorporaled by reference into many stale building codes, including the
Minnesota Fnergy Code, where il is an enforccable document. The outdoor air
is introduced into a building through an outdoor air intake, The intake should be
located away from contaminant sources such as roadways, loading docks und
building exhaust stacks, The infake usually has a coarse screen to prevent birds

and large debris from entering.

The disadvantage of bringing outdoor air info a building is that the air
15 usually not at the psychometric conditions (i.c. emperature and humidity)
desired in the building. In cold weather, this air requites heating and
huridification. In hot weather, this air must be cooled and dehumidified. Thus
there is an energy penalty associated with hringing in this outdoor ventilation
air. Most of the time, the majority of the air distributed within a building is
recirculated. The air returning from the building to the healing or cooling plant
ts at the desired indoor conditions so less energy is required to bring it to the
supply air conditions than to treat outdoor air. This is not always true, however.
There arc certain times of the year when the ouldoor air is just cool enough 1o
provide the necessary cooling in the building withoul operating the coaling
system. Under these conditions, the supply air can be all outdoor air. When the
outdeor air conditions are near the yearly extreme values, only the minimum
amount of outdoor air required is brought in to minimize (he heating and
cooling load on the mechanical equipment.

Most air handling systems are designed with mixed air dampers near
the outdoor air intuke. These dampers are controlled automatically in actual
buildings to vary the amount of outdoor air brought in and the amount of air that
18 recurculated. The automatic control system maonitars the outdoor temperslure
and humidity, or vutdoor air enthalpy, and time of day to determine the amount

of ouldoor air that should be admitted. The remaining amount of air is
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vecirculated. The damper positions are controlled by acluators that receive
signals from the controller. Automatic dampers can be set to bring in any
amount of return and outdoor air by adjusting the percent that the damper blades

4re open.

However the relationship between percent open and flow is not
linear. Figure | is an cxample of a damper characterization. Therefore if code
required a minimum of 25% outdoor air al all times, the outdoor air dampers

would need to have a minimum set-point of approximarelv 60%.

The mixed air passes through a particulale air filter downstream of the mixed
air dampers. Then the air can pass over a heating or cooling coil if the coils are
located beforc the supply fan. One of the difficullies that arisc in cold climates
is the density differcnee that oceurs between the outdoor air and the recirculated
air. The cold, denser air tends to settle on the bottom of the mixed air duct.
When its temperature is very low. this cold air can cause the lawer portion of
the coils to freeze. In an attempt to reduce this possibility, parallel blade
dampers often direct the outdoor air and the recirculated air foward cach other
to reduce the possibility of stratification. If this low temperature air has a low
flow rate, then it will have a minimum affect on the bulk air temperature.

The bulk air temperature is a mass average of the temperatures
distributed throughout the duct cross-section. This bulk temperature may not
agree with the lemperature measured by the average temperature sensors
because these averaging scnsors do not account for air flow. These averaging
sensors assume uniform flow throughout cach cross section of the duct;
however we know this not to be true from the Air Handling System

Characterization lah,
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(a)

Figure (5-5): Adiabatic mixing of two streams of moist air

Mixing of two different streams of moist air in an insulated ducl is a common
process in air conditioning systems. The properties of the mixed sircams can he
determined graphically using the psychometric chart.

Figure (5-5) illustrates the adiabatic mixing of air streams. The first law of
thermodynamic as applied to this process gives:

m,hy +m,h,=m h, (5-22)
The mass balance as applied on the dry air gives:

m, +tm,=m,; (5-23)

And the mass balance as applied on the water vapor is:
m,,®, +m,m,=m_m, (5-24)

By combining the previous equations and eliminating m , the {ollowing results
are obtained.

ha-ha  wz-ws _ ma
hs-hi wewrt  ma

(5-25)

The form of equation (5-25) shows that the mixed stream must lie on
n straight line between state one and two. This is shown in figure (5-5).1f may
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be further inferred from equation (5-25) that the lengths of the various line
segments are proportional to the masscs of dry air mixed i.c.

1 23 Fiai 32 2
S E] e ﬂ]'!d F==——
&z 13 TH=1 12 Maz

(5-26)

=3 bl

This result shows that the state of the mixed stream can be
determined by drawing a struight line on the psychometric chart joining the
state of the first air stream to that of the second air stream and localing a point
for state three, on the line such that the ratio of the mass flow rate determines
the distance of that point (rom either end of the drawn line. This is shown in
figure (5-5b). On the hand the enthalpy ha, the humidity ratio ws , of the mixed
siream can be calculated from equation (5-25) and equation (5-24) ,
respectively. Thus, state three can be determined.

5.10.3 Design of Smart mixing unit using Programmable Interfacing

Controller (P1C18F4550)
ek Darper o -
- (z)
@ &
Vobmne D anpe Mo 1.
il S Gpace
i Tim =24
RH = 509

Figure (3-6): The principle of mixing,
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The principle of mixing process can be monitored by measuring the
outside conditions of the outside and inside humidified air, that means outside
relative humidity and dry bulb lemperature and so for (he inside conditions of
the space.

Determination of the mixing state can be caleulated using the
psychometric chart; il must be compared with the recommended sensible heat
1atio of the conditioned space, since it must be achievable to keep the humidity

of the space in the human comfort range.

Technical approach aims to relate the specified amount of humidified
arr that will be recirculated and mixed again with the fresh air, to the
temperatures and relative humidity of the mixed streams. A group of relations to
get the dependency of the input Lo the output valucs.

Al the beginning of the process, the system reads the input valucs,
‘and then used T, to calculate the pressure of saturated water vapor according to
the lincar equation approximated vsing Matlab software (5-26),

P (T)=0.004697 =T * — 00212257 +0.8083 (5-26)

Where:
T : the dry bulb temperature has measured by the sensor.

Then, the saturaled pressure substitutes in the following equation (5-27) to
obtain the partial pressure of the water vapor in the humidificd mixed air.

E,=¢P,, (5-27)
Where:

P ,: The partial pressure for water vapor.

F,, : Saturation pressure for the water vapor in kPa.

104




Chapter Five

Substilution the value of the partial water vapor pressure in equation
(3-28) to caleulate the humidity ratio of the first state of air siream, the same for
the second state:

£,

ol = 0.622

(5-28)

|
Where:
o1 : The humidity ratio (kg of water vapor! kg of dry air)

Aller that the value of the cnthalpy for the first state of the air stream can be
obtained using equation (5-29) and so for the second state

hi=C,+(C.T +h, o, (5-29)
Where:
11 : The enthalpy of the humidified air at state (1), (kI/kg)
€ . : Specific heat for the dry air. (k)/'kgk)
C . : Specific heat for the water vapor. (kI/kg k)
h. : The enthalpy of the water vapor. (kl'kg)

To calculale the humidity ratio for the mixed air stream, equation (5-301) must
be use, by substituting the values of w, ws

al .Iﬂ'lr ]
s MRl O Mo . 30

M aa

e, : Humidity ratio of the humidified air at state one
@, : Humidity ratio of the humidified air at state two.

m3: Humidily ratio of the humidified air at the state of mixing.

M o0 Mass Dow rate of the supply air comes from the HVAC.
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7 4=+ Mass Aow rate of the air returns from the conditioned space.

M. Mass [ow rate of the mixing air stream.

And so for the enthalpy ol the mixing zir stream bul using by, hs then substitute in
equation {5-31 )

Mthl +H’nﬁhz

ha= (5-31)

M as
Az The enthalpy of the humidified air at state one. (kl/kg)
A : The enthalpy of the humidified air that returns from the conditioned space
state two. (kJ/kg)
#3 < The enthalpy of the humidified air at the mixing state(three) {(kl/ke)

We can obtain the temperature of the mixed air stream using equation (5- 32)
using @1, hy. he , Cpg

P hy—h, o,
" (C,, +ho,) s

Where:
T 5: the temperatare ol the mixing air stream.(C°)

Now, we have the overall properties of the mixed state of the humidified air, so

scnsible heat rulio can be calculated using Ty, hy,, Ts, h; substitution in equation
(5-33).

I -7,
SHR1=— =" (5-33)

in a

§HR | : Sensible heat ratio for the primary conditions of mixing.
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The valuc of the calculated sensible heat ratio must be compared with the
designed value of sensible heal ralio using equation (5- 34) to be sure that the
mixing process is recommended or not, Lhis step consists the feedhack process
of the system to make the control operation:

SHR -SHR1=0 s (5- 34)

SHR : designed sensible heat ratio for the space relative to the cooling load

calculations of the space.

It the equation is confirmed, then the system operates at the steady state
conditions, otherwise the enthalpy will be calculated again using the designed
sensible heat ratio by equation (5- 34)

_SHRh, -T, +1,
SHR

h

(5-34)

The ratio of the mass flow rate can be defined as ( Z = T ) and can be
m,,

determined using equation (5- 35);

L, Mok, Mah
z=—C23 T8 (5- 35)

f.';i.ﬂh-l

Using Z (the mass mixing ratio) to get the angle 8, 0., (in radians) of the first
volume damper, and so for the second volume damper using equation (5- 3¢)
and (5- 38) respectively:

M e

. Vin(1+Z) {926

1

6, : The angular displacement of the volume damper. (radians)

¥ 1 the velocity of the air in the main supply and return hrunches of the duct.

(m/s)
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L,z Height of the main duct (supply duct), (m)

7 : The radius of rotation of the volume damper, it equals to the distanee
between the centers of the duct Lo the end. (m)

But we must calculate the time required to run the stepper motor used for this
pracess Lo give it the specific signal that accomplish the determined output
value using equation (5- 37), and so for the other volume damper using equation

(5-39),
A
(,=— -
| v, {5-37)
qu.l
o s o
T Veni-7) GE)
L
3 vy (5-39)

5.10.3.1 PIC (Programmable Interfacing Controller)

A microcontroller is a functional computer system-on-a-chip, It contains
4 processor, memory, and programmable input/output peripherals.
Microcontrollers include an integrated CPLJ, memory (a sinall amount of RAM,
program memory, or both) and peripherals capable of input and output,

It emphasizes high integration, in contrast 1o a microprocessor which
only contains a CPU (the kind used iy a PC). In addition to the usual arithmetic
and logic elements of a general purposc microprocessor, the microcontroller
Integrates additional elements such ag read-write memory for data storage, read-
only memory for program storage, Flash memory for permanent data storage,
peripherals, and inputfoutput interfaces, At clock speeds of as little as 32 KHz,
microcontrollers often operate al very low speed compared to MICroprOcessors,
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but this is adequate for typical applications, They consume relatively lillle
power (milliwatts or cven microwatls), and will generally have the ahilitv ta
retain funclionality while waiting for an event such as a hutton press or
interrupt. Power consumption while slecping (CPIJ clock and peripherals
disabled) may be just nanowatls, making them ideal for low power and long

lasting battery applications.

g PR TR
i o ]
e # . 20T
o IO
o4 55 |
5 PIC18F4455 iag
o m |
s 1o PIC18F45650 7=
i 5 |
i i L s |
i e | 24
i 230

oM WAL D P B0 0N 5 ey |
- — w5 O

%

Figure {(5-7): PIC18F4550 ship
5.10.3.2 Application

Microcontrollers are used in antomatically controlled products and
devices, such as PC USB interfacing, control systems, Temperature monitoring,
remote controls, office machines, appliances, power tools, and toys. By
reducing the size, cost, and power consumplion compared to a design using a
separale microprocessor, memory, and input/outpul devices, microcontrollers

make it economical to electronically control many more PLOCESSEs.

5.10.3.3 Process Flow Chart

The sequence of the process is illustrated in the following chart, figure () step
by step to be programmed and installed on the chip later,

108




Chapter Five
e e T
f( St |
\4_1____' A
X r
.r’r' Input Value J,f
il T 720182 /
i =N . e ¥
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¥ = . . L=
| Galeuiate H2 Calcuiatn H1 '
3 e ===
using W1 WE 1o Casuilate W3
= — : r —
Uming H1,52 12 Calculate H;’
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,-"/t\““-x
END .‘.FH YEE —= <w } M - mﬁ {rie]

r o * -
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Figure (5-8): The flow chart of the process occurred on the PIC (Programmable
Interfacing Controller).
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5.10.3.4 Testing and evaluation of the System behavior

After applying the previous controller for mixing, lesting must be
done to have an indicator aboul the systern behavior with different conditions

locates on the psychometric chart in summer and winter condilions also.

Input values given to the controller determines the mixing state of bath
humidified air streams, but we must have the cnergy quantity of this state to
calculate the amount of cacrgy saving that have heen kept o know the validity
of installing this modification to the AC,

Testing valucs for the contraller is;
Ti=18'C, @ 1=45%
T;=26C. wi=63%
P —2.08544 kPa.
P'o=0.45 % 2.08544 = 0.938448 kP
Oy =0.622 % (0.938448) / (101.225 — 0.938448)
=0.003820467 (kg of water'’kg of dry air)
P2 = 2.7204 (kPa).
Pyy= 0.6 % 2.7204 = 176826 kPa,
Jz =0.622 = (1.76826) / (101.225 — 1.76826)
=10.011058654 (kg of water'ke of dry air)
hi=1%18 +(1.86 = 18 + 2501 3) % 0.005820467 = 32.75 (kVkg of dry air).
hy=1%26 1 (1.86 x 26 + 2501.3) x 0.011058654 = 54.2 (k/kg of dry air).
hy=0.5 x 32.2+ 0.5 x 542 = 43,475 (k]/kg of drv air).
Ty =43.475 - 2501.3 = (0.00843956) / (1 1 1.86 ¥ 0.00843956)

Ey=1933 0",
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3HR peipn=77126.364 / 190794.5 = 0.4042

SHR | = (26 — 19.3) / (48 — 43.475) = 1032 (Greater than the designed
value)

So, the enthalpy must be calculated according to the designed value

SHR | = (26 — 19.3) / (48 hy) = (.4042

hs = 36.372 (KJfkg of dry ain).

Z=(1 % 36372 —0.5 x 32.75) / (0.5 #32.75) = 1.2219

6= 1/ (4 % 0.5 x1.175% (1 + 1.2219)) = 0,19 rad. = 10,8917

B (1.2219%1) / [(4%0.75%0.57) * (1 - 1.2219)] = - 3.22019 rad. = - 184.596°

Total amount of air must he supplied to the space:

_Qeoatny _ 190.794464 (kW)
(h,, -h,) (82-48)(kikgk’)

M Supply A the mpace =

—5.611601({kg's)

Q Colieng wilive maing = MMSugply Ak b L spuee [h s h m}

= 5.611601 = (48 - 32.75) = 85.576 (kW)

Q Covtng it miitg. = Mooty tiro respoce < (0, =0 )
=3.611601 = (48 - 36.372) = 65.251 (kW)
D abie = ooy witlonmiing: =D Costiuwit ik
=85.576 - 65.251 = 20.325 (kW)

The amount of energy saving is equal (o 20.325kW
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Since the average operating hours in this space is 3 (hours per day), then the
amount of energy saving in a year is:

Energy saved per ycar = P saved (kW) xmx{zﬁ}_%xﬂaﬁ?.ﬂﬂ
day mounth vear
=20325(kW )x3x26x12
=19024.2(kWh/year)

The cost of energy saving = Inergy saving (kWh/year) x Price (%)

_ 19024.2x0.65
a9

=3170.7()

As a final evaluation for the HVAC units, the coefficient of performance must
calculated, hased on the covling and heating loads calculations:

Using equations (3-2) to (3-5):

For the first package unit:

EGPPE‘IH crafing S - QL - ] 93.3“5 - 5. lﬂi
Pmmnm + PI]-'H + F{:su T460 x4 +75+0.75x2
COFpts s = Q = b 514

P T Pitng + Posa + P, 74604 + 0.75%2 + 7.5405%2

Far the second package unit:

Q, N 71.032578

e = = =1.8288
PHRERIS P ovscs " Parsg + Py 7.460%4 4 7.5 +0.75%2
3,
{:UPm:mu- o Qy oS 5344499 S
P e+ Piry TP Pren. 146054 +0.75%3 + 7.5+0.5%2
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The first fan coil unit and the second ons have the same COP:

32.097 -
{‘{}FE w vl poliog = QL = - = = 233ﬁ
i-’Ilsuulq'ln‘.-,--ﬂ-r\.' B Ph.—M T P:! A EJ']' ] E-H-E + U'?:: * U' ?5{}
- _ Q, B 849206
SV B onill Hagrimy P‘memu _PEFM iy P]-!;-m GlIE=2 +0.75 =075+ d45x 3

114

62



Chapter 6

Energy Analysis for Hydraulic

Machines

0.2 Fans and BlowerS......ccccereerercecccossrosssrmmsssnssansenss 131



Chapter Six Pumps and Fans

6.1 Pumps

6.1.1 Introduction

Hydraulics is defined as the science of the conveyance of liquids throngh pipes.
The pump is often used to raise water from u low level to g high level where it can be
stored in a tank. Most of the theory applicable to hydraulic pumps has been derived using
watcr as the working fluid. bul other liquids can also be used. Tn this chapter, we will
assume that liquids ate totally incompressihle unless otherwise specified. Uhis means that
the densily of liquids will be considered constant no matter how much pressure is
applied. Unless the change in pressure in a particular situation is very great, this
assumption will not cause a significant error in culeulations, Centrifugal and axial flow
pumps are very common hydraulic pumps. Both work on the principle that the energy ol
the liquid is increased by imparting kinctic energy to it as it Nlows through the pump. This
eniergy is supplied by the impeller, which is driven by an eleciric mator or some other
drive.

6.1.2 Pumping system characteristics
6.1.2.1 Resistance of the system: head

Pressure is needed to pump the liquid through the system at a certain rate. This
pressure has ta be high enough to overcome the resistance of the system, which is also
called “head™. The total head is the sum of static head and Iriction head:

a) Static head

Figure (6.1) shows the Static head is the difference in height between the source
and destination of the pumped liquid. Static head is independent of flow. The static head
at a certain pressure depends on the weight of the liquid and can be calculated with this
cquation (6-1):
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Pressure (Pai) x 2.3]
Head (feet) =
e specific grafity

(6-1)

Static head consists of

* Static suction head (h,): resulting from lifting the liquid relative to the pump
center Jine. The b, is positive if the liquid level is above pump centerline, and
negalive if the liguid level is helow pump centerline (also called “suction lift)

* Suatic discharge head (hy): the vertical distance between the pump centerline and
the surface of the liquid in the destination tank.

P

| Static ' head |

Fend

Flow |

Figure {6.1) Static head
b} Friction head (hy)

This is the loss needed to overcome that is caused by the resistance to flow in the
pipe and fittings. It is dependent on size, condition and type of pipe, number and type of
pipe [filtings, flow rate, and nature of (he liquid. The friction head is proportional to Lhe
square of the flow rate as shown in figure (6.2). A closed loop circulating system only
exhibits friction head (i.e. not static head).
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Y

Friction
head

Flow

Figure (6.2) Frictional Head versus Flow
6.1.2.2 Pump performance eurve

The head and flow rate determine the performance of a pump, which is
graphically shown in Figure (6.3) as the performance curve or pump characteristic curve.
The figure shows a typical curve of a centrifugal pump where the head pradually
decreases with increasing flow. As the resistance of a system increases, the head will also
ncrease. This in turn causes the flow rate to decrease and will eventually reach zero. A
zero flow rate is only acceptable for a short period without causing to the pump to burn

out.
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‘ Head

Flow

Figure (6,3) Performance curve
6.1.2.3 Pump opcerating point

The rate of flow at a certain head is called the duty point. The pump performance

curve is made up of many duty points. The pump operating point is determined by the
ntersection of the system curve and the pump curve as shown in Figure (6.4),

Pump performance

Flow

Figure (6.4) Pump operating point
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6.1.2.4 Pump suction performance (NPSH)

Cavitations or vaponization is the formation of bubbles inside the pump. This may
occur when at the fluid’s local static pressure becomes lower than the liquid's vapor
pressure (at the actual temperature). A possible cause is when the fluid accelerates in a
control valve or around a pump impeller. Vaporization itself does not causc any damage.
However, when the velocily is decreased and pressure increased, the vapor will evaporate
and collapse, This has three undesirable effects;

¢ Erosion of vane surfaces, especially when pumping water-based liguids

* Increase of noise and vibration, resulting in shorter seal and bearing life

Partially choking of the impeller passages, this reduces the pump performance and
can lead to loss of total head in cxireme cases. The Net Positive Suction Head Available
(NPSHA) indicates how niuch the pump suction exceeds the liquid vapor pressure, and is
a characteristic of the system design. The NPSH Required (NPSHR) is the pump suction

needed to avoid cavitations, and is a characteristic of the pump desiyn.

6.1.3 TYPE OF PUMPS

This section describes the various Lypes of pumps. Two Pumps come in a variety
of sizes for a wide range of applications. They can be classified sccording Lo their basic

operatmg principle as dynamic or positive displacement pumps as shown in Figure (6.5),
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Pumps |
| | _]
- Others (eg Positive !
L luglse. Buoyeney) | | Displacement |

Centrifugal } ‘ Special effect Rotary ‘ ‘ Reciprocating

l [ 1 .
Internal ‘ Extemal Yike ‘
Eear gear | |

Shide

vane

Figure (6.5) Different Lypes of pumps

In principle, any liquid can be handled by any of the pump designs. Where
different pump designs could he used, the centrifugal pump is generally the most
ceonomical followed by rotary and reciprocating pumps. Although, positive displacement
pumps are generally more cfficient than centrifugal pumps, the benefit of higher
efficiency tends to be offset by increased maintenance costs,

6.1.3.1 Dynamic pumps

Dynamic pumps are also characterized by their mode of operalion: a rotating
impeller converts kinetic energy into pressure or velocity that is needed to pump the
fluid, There are two types of dynamic pumps:

* Cenlrifugal pumps are the most common pumps used for pumping water in
industrial applications. Typically, more than 75% of the pumps installed in an
industry arc centrifugal pumps, For this reason, this pump is further described
below.
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e Special effect pumps are particularly used for specialized conditions at an
industrial site,

6.1.3.2 How a centrifugal pump works

* A centrifugal pump is one of the simplest pieces of equipment in any proccss
plant. Figure (6.6) shows how this type of pumnp operates:

* Liquid is forced into an impeller cither by atmospheric pressure or in case of a jet
pumps by artificial pressure. The vanes of impeller pass kinetic encrgy to the
liquid, thereby causing the liquid to rotate. The liquid lcaves the impeller at high
velocity.

® The impellers are swrounded by a volute casing or in case of a turbine pump a
stationary diffuser ring. The volute or stationary diffuser ring converts the kinetic

energy into pressure energy.

__-_‘_. Thschargs
:ul!.llc. \ k_‘_\

A1

RSINE =, Vaney
1
|

el Suction Eve
Impeller '

Figure (6.6) Liquid Flow Path of a Centrifugal Pump
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6.1.3.3 Components of a centrifugal pump

The main components of a centrifugal pump are shown in Figure (6.7) and described
below:

¢ Rotating components: an impeller coupled to a shaft,

* Slalionary components: casing, casing cover, and bearings.

Figure (6.7) Main Components of a Centrifugal Pump

Pump output, water horsepower ot hydraulic horsepower (hp) is the liquid
horsepower delivered by the pump, and can he calealated as follows in equation (6-2);

Hydraulic power:

Hydraulic Power (W) = pgQH (6-2)

Where:

Q = flow rate (m’is)

H = benefit head (m)
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p = density ol the fluid (Kg/m’)
g = acceleration due to pravity (m/s*)
the efficiency of the pump is caleulated using the following relation (6-2):

Pump Efficiency — % (6-3)

6.1.3.4 PUMP LOSSES

The following are the various losses occurring during the operation of a

centrifugal pump. Losses in the suction and delivery pipe are known as hvdraulic losses.

6.1.3.4.1 Theory and Analysis

In this study, it is necessary 1o obtain the volumetric flow rate, Q. Volumetric
Mow rate, put simply, is the time, 1 it takes for a certaim volume, V to fill , and is given in

units of (meters’ / seconds). It is obtained through the use of the following equation (6-4):

Q= (G-

v
1

Where:

(): is the volumetrie flow rate (m" i8]

V: is the volume of water flow into the measuring cylinder (m”)

t: is the time taken for the flow (sec)

The cross-sectional area, (A) area of all of the pipes is a circle, it can be obtained fiom
the known diameter, D of each pipe using equation (6-5),

A'-ﬁDT (6-5)

Where;
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A: is the cross-sectional arca of the pipe ).

[ is the diameter of the pipe (m)

I'he Continuity Equation (shown below) states that the Nowing velocity, V is related to
the volumetric flow rate, Q and the cross-sectional arca of the pipe A. The units of

Veloeity are in (meters / secands) using caleulation (6-6).

<!
i

(6-6)

w |2

Where:

v is the flowing velocity (m's).

Q: is the volumetric flow rate (m*/s)

A is the cross-sectional area of the pipe (m®).

The Reynolds number, Re, is very usclal in the determination of the frction
factor, and can be determined by relating the flowing velocity, Vv, the fluid's density, _
(given as a lowercase Greek rho), the pipe’s diamecter, D, and the fluid’s dynamic
viscosity, p (given by a lowercase Greek mu), The density of a fluid is o number stating
how much mass can fit into a certain volume for a specific subslince. In this casc, the
fluid is water. The dynamic viscosity explains how easily a fluid can flow when taking
the friction of the walls of the pipc into gccount, The density and dynamic viscosity are
given in the units of kilograms [ metersd and kilograms / (meters x seconds). A quick
analysis of the units involved shows that they cancel each other out through division, and
thusly, the Reynolds number, Re. is dimensionless. Tt is important o note that both
density and dynamic viscosity vary with lemperature. This docs not apply to this casc
however because the temperature of the testing arca was held constant substituting all

values in equation (6-7).

Bo=—— (6-7)

Where:

Re is the Reynolds number for the flow (non dimensional)
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p: is the density of fluid (kg/m®)

p: is the dynamic viscosity of the luid (kg/ms)
V: is the flowing velocity (m/s)

I»: is the diameter of the pipe (m).

There are two major ways to describe the Qowing of a fluid. A steady, even flow
is called a laminar flow, and a flow that moves violently or roughly is called a turbulent
[ow. The easiest way (o show that a flow is laminar is to first determine the Reynolds
numhber; if the value oblained is below 2000 then the flow is laminar, and if the value is
abave 4000 then the flow is urbulent. For values of the Reynolds number between 2000
and 4000, the fluid is called a transitional flow and shows characteristies of both types,

The Iriction factor, f, allows vs to determine a variety of information regarding
pipe flows. For a laminar flow only, it is determined by the Reynolds number using
equation (6-8). Note that the friction factor is also dimensionless.

LT
f= — 6-8
Re (6:8)

Where
i3 the [metion factor.
Re: 15 the Reynelds number for the flow,

For turbulent flow, the friction factor, ['is determined from the Moody chart (see
attached at the end of this report) as a function of Revnolds number, Re and the relative
roughness, r of the pipe. The relative roughness for the pipe is related to the pipe's
surface roughness, _ (given by a lowercase Greck cpsilon) and the diameter, D. Bath
values ol roughness describe the ability of a fluid o flow past without “sticking™ to the
sides, and the friction factor, fis determined by matching the lines for relative roughness
to the grid for Reynolds number and locating the value for the friction factor at the
corresponding point. Although there are advanced equations that can delermine the
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[riction factor without the usc of the Moody chart, it is a generally aceepted method for
easily determining the value.

Int flusd mechanics, it is ollen helpful to define the head of a fluid in a system as a
height of Muid in the vertical direction; this value can then be used to define more
intricate values for different aspects of the flow, The head can be measured directly
through the use of a manometer, In the case where (wo manometers are set up at
opposing ends of a pipe, we can measure the total head loss, Ah as ilustrated in equation
(6-9) of the flow of the pipe. Corresponding to the cxperimental setup, this is merely the
dilference of manometer haights b1 and h2 and is measured in meters.

Ah = ha-hy (6-9)
Where
Ah: The tutal head loss.
hl 15 the height of the fluid in manometer 1.

h2 is the height of the fluid in manometer 2.

Although there ars many reasons for the change in the size of the head. Ah, from
onc end of the pipe to the other, the largest factor involved is the head loss due to friction,
hi. This is explained through relation with friction [actor, [ the overall pipe length, L, the
Mow velacity, V, the acecleration due to gravity, g, and the pipe diameter, D. The units of
head loss due to friction are the same as the total head loss; namely, in meters, ‘The pipe's
length is also given in meters. The aceeleration due to gravity is a constant on the Earth's
surface, and Is given as 9.81 (meters / seconds®). It is important 1o note that the pipe
length is given as the length that the fluid must pass through to reach the other end: this is
an important concept in analyzing pipes with bends or elbows as opposed o stmight
seciions then the losses in the pipe due fo friction can be calculated using equation (6-9).
V2

I
h, =1 D H-Eg) (6-9)

Where:
hf :is the head loss due to friction. (m)
T.: is the length of the pipe. (m)
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g :is the value of aceeleration due to gravity. (m/s”)
f :is the friction factor (non dimensional)

W is the velocity of the flow. (mv's)

D: is the diameter of the pipe. (m)

In the analysis of test sections with hends or clbows, we must add the effects of
bends to the total head loss. The head loss due to bends, hg, is also denoted in meters, and
is refated to the velocity, V, the acceleration due to gravily, g, and the hend resistance
coefficient, Ky, , which is dimensionless, The following relation (6-10) is used. Take care
to remember that the velocily, V referred (o in this equation is the fluid velocity
determined from the volumetric flow rale, Q, and not the mean velocity, V.

b, = K, ;'—g (6-10)
Where:
by, 115 the head loss due to the elbow/hend. (m)
Kp: 15 the bend resistance coefficient. (nom dimensional)
V1 is the veloeity of the fluid. (m/s)

g is the acceleration due to gravity. (m/s’)

The relation used to obtain a value for bend resistance coefficient, Kb, requires
several additional values, one of which is the velocity head, hv. This is another head
describing the features of pipe flow, and like velocity, V it is also given im meters /
seconds, This number is related to velocity and the acceleration due to gravity, g, and is
given by the equation (6-11) below. Once again, the value of velocity used is the standard

velocity obtained from the volumetric flow rate, Q, not the mean velocily, Ve,

b= L (6-11)
2z

Whare:

hy; is the velocity head. (m)

V: is the velocity. (m/s)

g tis the acceleration due o gfavily.[mr’stj.
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6.1.3.5 Sample of caleulation for the circular tank

4.67
2x3.14

=257 —% t= =0.743 m
D=1.5m

Av= {%) (1.5)"=0.65 = 1.148 (m’)

1.148
10x 60

Q= =0.0019 (m’/scc)

For 10 minutcs of pump operation.

V= dx{‘l; =0.9383 (m/s)
zxD
Re= P VD 1000 x0.9383x2x0.02547 = 3742954000 Turbulent

(1277 x107)

= from Moody charl with 0.0008347 surface roughness = (.02

L V2 16.69 0.038%°
h, =f %( — ) %{—)y=0.02 = (.6464 (m)
=il g {Sxo02547 * 2o ) o
vl 0.9383° .
h. = (N of fittines . Flbows)x K. (—) =4%09 =0173 (m
=t ngs , ) bilg} Hh&‘uﬂ (m)

': 2
h, = (N of fittings , Reducer) « Ku[‘_] - IEH,]SxG'%EJ
2g 2x9.81

=0.00721 (m)

hl-l.‘lssm!"n',lli:d!ﬂlﬂ]k =ﬂ'54'54 T {}-173 +{-I-u{}?2] ;':I.Ezﬁ&] [TI.'I-J
PLoss =pgQh,, = 1000x9.81%0.0019x0.82661 = 15.4072 (W) = 0.01541 (kW)

Benefit power = pgOh, = 1000x9.8120.0019<7,1234 = 132,772 W
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The pumps distribute the water to the groups of tanks according to the own head of the
tank, all pipes losses discussed in Table (6.1).

Table (6.1) Pipes losses

i"m.nmnr (Cylindrieal tanks) [ (Rectangular tanks) | (Main supplier )
(m) (1 Inch dismeter (1 Inech dinmeter | (3 Inch diameter
pipe supply line) pipe supply line) pipe supply line)
Flow rate. Q 0.0019 0.0001833 L 0.00208
(nx'/s) ) .
Velocity of the v 0.9383 009052 0.4544
| fluid. (m/s) o
Hend loss due he 0.6464 0.011 | 0.0763
to pipe friction
(m)
Head loss due hy 018021 000242 07136
tn bend (m) _
Delivery head. hy 7.1234 11,1383 L.all
(rm)
Suction head. h; 5 5 5
(m)
Power loss in Progm | 0.01541 000002413 | 0.016117
pipes & pipes
_clbows. (KW) : -
Benefit power (kW) 0.13277 3,02 0.02063
|

Capacity of cach cylindrical tank is (3) m°
Capacity of cach rectangular tank is (2) m’

The efficiency of the pump can be determined using the characteristic curve of its

eperation by matching the delivered head with the flow rate s shown in Figure (6.8).
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Figure (6.8) characteristic curve for Dap Pump
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6.2 FANS AND BLOWERS

6.2.1 INTRODUCTION

Most manufacturing plants use fans and blowers for ventilation and for industrial
processes that need an air flow, Fan systems are essentinl to keep manufacturing
processes working, and consisl of a fan, an electric motor, a drive system, ducts or piping,
Aow control devices, and air conditioming equipment (filters, couling coils, heat
exchangers, ete.). The US Department of Energy estimaics that 15 percent of electricity
m the US manufacturing industry is used by motors, Similarly, in the commercial sector,
electricity needed (0 operate fan motors composes a large portion of the enerpy costs for
space conditioning (T/S DOFE, 1989). Fans, blowers and compressors are differentiated
by the method used to move the air, and by 1he system pressure they must operale
againsl. The American Society of technical Engineers (ASMF) uscs the specific ratio,
which is the ratio of the discharge pressure over the suction pressure, to define fans,
blowers and compressors .Conversely, tesistance decreases as low decreases, To
determine what volume the fin will produce, it is thercfore necessary to know the system
resistance characteristics. In existing systems, the syslemn resistance can be migasured. In

systems that huve been designed, but not built, the system resistance must be caleylated.

6.2.2 Impartant terms and definitions

Before types of fans and blowers are described it is important to first understand
terms and definitions.
6.2,2.1 System churacteristics

The term “system resistance” is used when referring o the static pressure. The
system resistance is Lhe sum of static pressure losses in the system. The system resistance
18 a function of the configuration of ducts, pickups, clbows and the pressure drops across

equipment, for example bag filter ar cyclone. The system resistance varies with the
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square ol the volume of air flowing through the system. For a given volume of air, the fan
in a system with narrow ducts and multiple short radius elbows is going to have to work
harder to avercome a greater system resistance than it would in a system with larger ducts
and a minimum number of long radius tums, Long narrow ducts with many bends and
twists will require more energy to pull the air through them. Cansequently, for a given
fan speed, the fan will be able to pull less air through this system than through a short
sysiem with no elbows. Thus, the system resistance increases substantially as the volume

of air Nowing through the system increases; square of air flow,

6.2.3 Type of fans and blowers
This section briefly describes different tvpes of fans and blowers.
6.2.3.1 Types of fans

There exist two main fan types. Centrifugal fans used a rotating impeller to move
the air stream. Axial fans move the air stream along the axis of the fan.

6.2.3.1.1 Centrifugal fans

Cenirifugal fans increase the speed of an air siream with a rotating impeller. The
speed increases as the reaches the ends of the blades and is then converted to pressure.
These funs are able to produce high pressures, which makes them suitable for harsh
operating conditions, such as systems with high temperatures, moist or dirty air streams.
and material handling,

6.2.3.1.2 Axial fans

Axial fans move an air slrcam along the axis of the fan. The way these fans work
can be compared to a propeller on an airplane: the fan blades penerate an aerodynamic
lift that pressurizes Lhe air. They are popular with industry because they are inexpensive,
compact and light. The main types of axial flow fans (propeller, tube-axial and vane-

axial).
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6.2.4 Methodology of fan performance assessment

Belore the fan efficiency can be ealculated, a number of operating parameters
must be measured. including air velocity, pressure head, temporature of air stream on the
fan side and electrical motor kW input. In order to obtain correct operaring figures it
should be ensured thar:

* Ian and its associated components are operating properly al its rated speed
* Operations are at stable condition ie. steady temperature, densities, system
Tesistance etc.

The calculution of fan efficiency is explained in S steps.
® (alculate the gas density

The first step is to culculate the air or gas density using the fullowing equation (6-12):

Gus Density (kg/?) = 213%1:293

= 2?3+—TI:C°] (6-12)

Where, 1 (C") = Temperature of air or gas at site conditiun
& Measure the air velocity and calculate average air velocity

The air velocity can be measured with a pitot tube and a manometer, or a flow
sensor (differential pressure instrument), or &n accurate anemometer. ‘The total pressure is
measured using the inner tube of Pitot tube and static pressure is measured using the
outer tube of Pitot lube. When the inmer and outer tube ends are connected to a
manometer, we get the velocity pressure (i.e. the difference berween total pressure and
static pressure). For measuring low velocities, it is preferahle to use an inclined lube
manomeler mstead of U-tube manometer. Sec the chapter on Monitoring Equipment for

explanation of manometers.
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= Calculate the volumelnc flow

1. The third step is to caleulate the volumetric flow as follows:
7 Take the duct diameter (or the circumference from which the diameter can

be estimated).

Caleulate the volume of air/gas in the dugt by following relation (h-13):
Volumetric Flow Rate =Velocity * Arca (6-13)
Q=VxA

Where:
Q) = volumerric flow rate. (m’fs)
V = velocity of the fluid.(m/s)
A = Area of the diameter or duct (m’)
s measure the power of the drive molor

The power of the drive motor (kW) can he measured by a load analyzer. This KW
multiplied by motor efficiency gives the shaft power to the fan.

» (Calculate the fan efficiency using equation (6-13).

The output power (hydraulic power) can be calculated from equation (6-2), and then the
officiency of the fan van be calculated using the characteristic curve for the fan this
procedure can be done by caleulating the flow rate and the dynamic head exerted by the

fan.
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6.2.5 Difficulties in assessing the performance of fans and blowers

In practice certain difficulties have to be faced when assessing the fan and blower

performance, some of which are explained below:

= Non-availability of fan specification data: Fan specification data are essential to
assess the fan performance. Most of the industries do not keep these data
systematically or have none of these data available at all. Tn these cases, the
percentage of fan loading with respect to fow or pressure can not be estimated
satisfactorily. Fan specification data should be collected from the original
equipment manufacturer (OEM) and kept on record.

o Difficulty in velocity measurement: Actual velocity measurement becomes a
difficult task in fan performance assessment. In most cases the Tocation of duct
makes it difficult o lake measurements and in other cases it becomes impossible
to traverse the duct in both directions. If this is the case, then the velocity pressure
can be measured in the center of the duct and comected by multiplying it with a
factor 0.9,

e Improper calihration of the pitot tube, manometer, ancmometer & measuring
instruments: All instruments and other power measuring instruments should he
calibrated corrcetly to avoid an incorrect assessment of fams and blowers.
Assessments should not be carried out by applying correction lactors to
compensate for this.

¢ Variation of process paramelers during tests: If there is a large variation of
process parameters measured during test periods, then the performance

assessment bevomes unrcliable,

6.2.6 Determination of fans losses

The same approach that followed in studying the pumps losses are tracked by
converting the non circular duct to its own equivalent diameter dimension, i.e. the duct

will be processed as the pipes , using equation (6-9) to calculate the head loss hy
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Most of the used ducts in warm air heating systems are rectangular or not circular
this is due to the shape of the residences and living spaces. The following cquartion (6-14)
can be used to colluct the dimensions of the rectangular duct which can pase the samc rate

of flow and resulting with same pressure drop as that of the circular duct,

L.3(HW o=
a TH W (6-14)
6.2.6.1 The first package unit AC
Supply line duct to the basement floor:
Sample for calcularions:
Table (6-2) Sample of calculation
d(m) | Q{m'/s) | ¥V (m/s) | Re roughness | f hs (m) | hy(m) ]

.36 0D.7587 | 6.7427 | 1.5303*10° E}.D{J{lﬂﬁ_" 0018 | 093375 | 23179 !

g = L3 "™ | 3454 08)0

= ——=0.36m
(H+W)PF  @5425"
= E = 0.7587 ~ ={i.?43?[m.f.¢]
LxW  0.45x025
Re= P VD _ 1125x67437x0.36 —1.5303 10"
u 1.7647x10°
= 0,004 from moody chart
L v B 67437
B =Fft — Y1) =E0ide ¢ —2 =0.2057 m
« =Hp M) (036 ' Toar
2 el
LR R
© 2 298I
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Chapter Seven Conclusion

7. Conclusion

Auditing process includes surveying all the electrical devices cxists inside the
building to make the monitoring process in order to evaluate their operation, then the
opportunity on the system can be checked during the efficiency calculations. After that,
suitable stratcgy of conservation must be taken to improve the encrgy production of the
SVStem.

From the work plan of the project, a group of selutions have been taken to evaluate the
behavior of the energized devices which is mncluded by the building as illustrated in Table
(7-1) such as;

* Setting the suitable amount of lighting levels in each space according to the
recommended vahics based on the type of activity proceeds in it, this can save
(3.6 kWh/ year).

* Installing an ultrasonic occupancy sensor to turn on the light in the suitable time
hased on occupancy exist in the space, this procedure ¢an save an amount of
cnergy equal to 224.64 (kWhiyear) , its cost is 37.44(%/ vear) .

* Domestic hot water used in the building can be saved by installing PLC
(Programmahle 1ogic Controller) retumns the hot water again, that is usually exist
mside the pipe hetween the boiler outlet and the fixture, Installing this system can
save (199.614 kT ) of waste energy which is carried by the waler inside the pipe.

* 'The suitable design conditions for heating and cooling requirements can save
(67.173 kW) its cosl in a year is approximated to.

* Depending on the acclimatizution of human to the suitable conditions that is very
close Lo the comfort point on psychometric chart i.c. rising the cooling
lemperature from (24 to 26 C°) Although this temperature difference cannot he
sensed directly by the human, it conserves an amount of energy equal to
(81.2351kW).

*  The mixing process which ocours in the theater can reduce the cooling load on the

HVAC system supplies the required comfort air to the region, and kecp 20.125
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(kW). The process of mixing proceeds using PIC (Programmable Interfacing
Controller) that depends on a special programming code to make the required

mixing ratio,

* Determining the condition of operation for the pumps and fans to have their

efficiencies using the characteristic cure relative to each hydraulic device.

Table (7-1) Results of Energy Conservalion strategies

|
Strategy of conservation - Power saved | Energy saved | Cost of
(kW) (KWh/year) Energy
saved ($)
Setting the suitable amount of lighting 0.00164835 36 0.6
levels.
Installing an ultrasonic occupancy 0.72 1617.4 269.6
sensor e
Suitable design conditions for heating 67.173 20058 3493
and cooling requirements. !
Rixing the cooling temperature from 81.2351 25345.33 422422
(24 to 26 C°).
The mixing process. 20.325 6341.4 1056.9
_Total Conservation. : 169,455 S4265.73 904432
Circulation system for the boiler. 199.614 (kJ)

7.2 Project Problems

* Missing of Datn loggers as instrumentation tools to @ group of variables that

relates to the energy terms such as dry bulb temperature, relative humidity,

electnical power consumption.

¢ A great number of lighting fixtures are failure in the theater. This cause incorreet

lighting measurements in this region. So the auditing process cannot ocour in this

region as the others,

* Connection with team’s center to make instrumentation for lighting in the night,
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7.3 Recommendations

¢ Installing a contral unit based on a PIC system to control and monitor the mixing
operation in each unit in a single programming code on C 1+, since we design the
mixing processor for a single ITVAC unit, this system can be adopted on the other
as a packaged unil.

* Installing the occupancy sensors lo regulate the operation of the lighting svstem.

* Removing the excess number of lighting fixture in ach space.

& [nstalling the lost and failure fixture in the suitable amount.

¢ Installing the PLC control system for the whole group of boilers,

*  Sel a temperaturc sensor in cach conditioned space at (1;,=26 C°).

¢ lmprove the designed counter Lo give an alarm after 3 specific number of door
openings. To reduce the amount of air infiltrated to the space,

* Receiving a signal from the occupancy sensor by the volume damper supplies the
air to close, if they are no ogoupants in the conditioned space.

* Install a solar heating water system to oblain the domestic hot water, depending
on Lhe evacuated tubes technology.

* Design a special electrical hoard to increase the Power factor (PF),

* Install & programmable plumping system to fill the tanks regularly.

139




References

References

Books
[1] Mohammed A Alsaad, Mahmoud A Hammad. Hearing and Air
Conditioning, Jordan 2001 Third edition.

[2] Heat Transfer, Ninth edition, J.B.Holman

(3] Energy Management Handbook, six edition, Wayne C. Turner Steve Doty

Papers

[4] Abeer I. Khavyat, Mohamad A Othmuan, Jamal R, Al-Shwaiki, Kazem 1. Ozialy,
Walid H. Abu-Elhasan, “Gnerpy Conscrvation Study of The Tlniversity Hospital”,
Graduation Project in Jordanian University, Amman, Jordan, 1953,

Hyper Links

[5] http:/fwww.arch. hku hk/research/BEER/links him

[6] http:/fwww.arch.hku hkiresearch/BEFR /eeba-hk . htm
| 7] bttp:/fwww.emsd.gov hk/emsd/eng/peeslceabe.shtml

Organizations and Companies

[8] Hebron Municipality, Hebron, Palestine,

[9] Petra Company, Ramallah, Palestine

140




Appendix A



HVAC Units Appendix A
Table (A-1) Package Unit PPH 450
Model PPH 450 | Evaporator side
Power for each fan 7.5 (kW)
Couling capacity 450/12 Coil Cupper tuhes
(Ton) | ) JAluminum fins
Pawer supply (380-420)/3/50) Rows | 4
(V/Ph/Hz) |
Control voltage (V) | 220 Finsfinch B
Compressor Hermetically scaled Face area (ft) 3167
scroll
No. of compressors 4 Funs Forward curve
centrfugal
Power for each 746 (kW) No 1
DUTRpreIsor e |
Type of drive Belt drive
Relrigerant | K22 | Total air fAow 14400
(nominal) (CEM)
Control Ex. Valve Fan motor type Induction
Condenser side No i
Cail Cupper tubes Ajir filter
_ ) .aluminum fins
Power for cach fan 0.75 (kW) |
Rows 4 Type | Aluminum mesh
= Fins/inch 12 Thickniess (inch) ; 1]
Face area {total) ft* 60.16 Wight (approximatc) | 4610
Ib .
Fans | Propeller axial _
No 2 Healers
Type of drive Direct drive _ No. o Rl
Taotal air flow (CFM) 31141 | Power for cach heater 546 (kW) |
Tatal power i

141



HVAC Units

Appendix A

Table (A-2) Ducted Split Unit

Model DSP | &
 Cooling capacity 80/12 = 6.7 (Ton)
= 2333 (kW)
Power supply Ph/Hz 3 Ph/5S0Hz7
Control voltage (V) 220-240

Compressor

No. of compressors

Condenser coil

Hermetically scaled type

2

Cupper tube, aluminum {ins

Fins/in 12
- No. of rows )
" Face area (total) 1€ 10.86
‘Tube diameter in. 378 ,
| Condenser fan Propeller axial 1

No. nf nmid : Fans

142

Drive type Direcl drive
 Total air [ low (50Hz) CFM SROO

Relrigerant circuit

Refrigerant type R22
control Expansion device
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Appendix C

Lighting Caleulations
Table (C-1) Typieal reflectance values
Celling | Walls | Floor
Air Conditioned Office 0.7 0.5 e
Light Industrial 0.3 0.3 0.1
Heavy Industrial 0.3 0.2 0.1
Table (C-2) Typical LLF Values
Air Conditioned Office 08
Clean Indusmal 0.7
Dirty' Industrial 0.6
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Table (C-3) Room Utilization Factor

Room utiliestion factor

=ATIFANTE CEUING Maunied

Aefiectances

[= =]
o
«
L
i
e}

3l 06 g B u.2 o 03 5 1 0.3
Surface 03 0 13 03 0 01 t .1 o
Roem Roam utfeation fector In %2
ik

0B 73 448 I @ ¥ =B ¥ £ s

8 82 8 s =S - T4 45 51 &4 4

0 8 @& % 6 = B8 5 s 52 S
1.25 98 5 RS a2 3 £ 66 & =8

5 103 & 7@ T 6 8 & 2 & &
20 M2 S 52 B4 B M B W 372
25 14 S W W M & B & 1MW 7’
0 17 103 oz a8 a0 st 2 &7 g3 i,
40 |28 183 g 100 &% 1 31 &1 BE -
al 23 113 107 103 3 03 o3 o3 - 24
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Table (C-4) Room Index Tablcs

1- Basement floor

Region# | Length (m) | Width (m) | High (m) Area (m’) Room Index (RT)
| Open Area 26 11.09 255 | 28834 | 3.0487
A 5.137 1.4 2,55 7.1918 04314
B 4.428 23 2.55 10,1844 0.5936
C 496 1.86 2.55 92256 | 0.5305
D 4.53 1.7 2.55 7.701 0.2777
E 06,38 1.417 2.15 90405 0.5393
G 13.64 5.491 1.75 74 8972 2237
Puth room #1 7.15 4.87 255 | 3289 0.847
Pathroom#2| 7.5 487 2.55 32.80 0,847
F 638 | 1417 215 | w0405 | 0.5393
3 2.5 1.15 1.55 2.875 02712
Room #1 5.25 2.10 2.66 11.025 |  0.8287
Room #2 133 2.18 2.66 7.2594 0.7279
Room #3 4.33 335 2.66 14.5035 1.044
Room#4 | 334 3 2.66 10.02 0.8732
distributor 1.24 .18 2,66 1.462 0.3338

2- Ground flnor

. Region # | Length Width High Area Room Index
L= _ (m) (m) (m) (m?) (RI)
- A 27.34 159 4.8 434766 2.094
. B 21.8 4,87 255 | 106.166 1.561
e 10.82 £.03 2.55 86.8846 1.8075
D .56 3.46 2.55 19.376 0,8387
El 5.89 3.475 2.35 20,4677 0.93
E2 4.94 3.33 2.35 16.452 01,846
FI 638 | 1417 2.15 0.0405 0.5393
F2 638 | 1417 2.15 0.0403 0.5393
| Gl 1353 | 405 2.7 54.7965 1.1544
G2 608 | 305 | 27 18.554 0.7522
| Library 1395 | 73 315 | 101.835 1.52
Shipping room 7.95 485 | 315 38.5575 | 0.956
1 4.45 245 | 313 10.9025 | 0.5

145



Appendix C Lighting Caleulations
p 3.8 24 A5 9.12 0.4469
2 2.9 2.05 315 5.945 0.38
Kitchen 24 2.05 3,15 492 0351
3 4 4 3.15 16 0.635
4 3.96 3.96 3.15 7.922 0.6286 |
5 4.7 1.3 745 6.11 0.1367
E 4.7 1.35 6.3 6.345 1666
S 4.7 .35 4.15 6.345 0.2527
Supervisor Staff 7.3 4.9 315 35,77 (.931
. Adminlstration 7.3 5.2 3.15 37.96 0.964
3- First Ooor
Region # Length Width High Area Room Index
(m) (m) (m) (m’) (R)
Computer room 13.95 7.3 3.15 101.835 1.5213
Supervisor Staff 3.7 3.35 3.15 19.095 0.6698
Administration 4.95 4.5 3.15 22.275 0. 7483
Kl 3.45 0.95 3.15 3.2775 02365
K2 55 1.95 315 10,725 0.457
K3 B 2.3 3.15 B.51 045
K4 4.25 23 3135 9775 0412
5 4.6 4.35 .15 20.01 0.709
Multipurpose 10.2 7.3 115 T4 46 1.35
Hall
Kitchen 2.02 17111 3.15 3456 0.294
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Tahle (C-5) Information tbles
1- Basement foor
Region # Power (w) | Utilization Factor | Light Lass Factor Flux .
For cach (UF) (LLF) (Lumen)
- fitting ]
Open Area 4*18 4200
2%36 1.03 0.8 5000
1*36 ) 2500
A 2*16 0.37 0.8 S000 |
B 2%36 0.46 0.8 5000
C 2*35 0.42 0.8 SO0
D 2%36 0.3375 0.8 5000
F 2+36 0.42 0.8 3000
G . 1*75 0.961 0.8 940
Path room 1%36 2500
wl 1*18 0.59115 0.8 LO50
Path room 1*36 2500
#2 [*18 0.59115 0.8 1050
F 2*36 0,42 0.8 5000
3 1*36 0.27818 0.8 2500
Room #1 1575 0.583 0.8 1 %30
__ Room #2 1*75 0.53 0.8 930
Room #3 1*75 0.6758 0.8 G930
_ 1*100 1100
. Room #4 1¥75 0.6029 0.8 930
| distributer 1*75 0.31359 0.8 930
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2- Ground floor

Reglon # Power (w) Utilization | Light Loss Factor Flux
Far each Faetor (UF) (L.LLF) | {Lumen)
fitting
A 1*100 0.8 1100
1*20 09156 125
1%60 _ 710
B 1*100 0.83098 0.8 1100
L 1*60 - 710
C 1760 0.87535 0.8 710
1100 _ 1100
D 1*100 0.588 | 0.3 1100
El 1#36 0.6285 0.8 2500
1*18 , 1050
E2 1%36 | | 0.8 2500
1%100 0.5907 1100
1*18 1050
F1 1*36 0.427 0.8 2500
K2 2*36 0.427 0.8 5000
Gl 4%18 0.7155 0.8 4200
G2  4*I¥ 0.54371 0.8 4200
Librury 2%36 0.8236 0.8 | 5000
Shipping room 2%36 0.6402 0.8 5000
= 1 2%3(, 0405 0.8 - 5000
2 2*36 0.3757 0.8 5000
B 2 2*36 0.339 0.8 5000
Kitchen 2%36 ~ 0.3230§ 0.8 5000 |
3 2%34 (0.47925 0.8 5000
4 2*36 0.47573 0.8 S000 |
5 ' 0.2052 0.8 |
i ' 216 080312 0.8 5000
5" 0.268985 | 0.8
Supervisor 2%36 0.62895 ' 0.8 5000
Staff ? _ - BB
_ Administration | 2*36 0.6438 0.8 5000
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3- First floor
Region # Power {w) Utilization Light Lass Factor Flux
For cach Factor (L) (LLF) (Lumen)
fitting .
- Computer room 2¥36 0.823834 0.8 SO00
 Supervisor Staff 236 0.49839 0.8 5000
Administration 2%36 0.541565 | 0.8 5000
K1 2*135 0.26 0.8 3000
K4 (0.3434 0.5
K2 | 2+34G 0.31865 0.8 soon |
K3 2434 0.3775 0.8 5000
5 2*36 (1.5]19405 0.8 SO
Multipurpose 2*36 0.778 0.8 S000 |
1ail
Kitchen 2*36 0.2917 0.8 5000
Table (C-6) Number of fitting in each space
1- Basement floor
Region # | Power (W) | Actual | Recommended | Recommende Measured Flux (fc)
For each | No,of | MNo. of Light d Flax (fc) Min | Max Ave
fitting light ]
Open Area 4*18 2R 114 15 21.1 40 26.643
2*36 k) ' |
1*26 2 .4
A 2*15 I 0.7 15 376 37.8 7T
It 2*36 r 0.7846 10 295 | 306 | 30.05
C 214 L 0.8866 5 237 | 292 | 2645
D 2*36 1 fLal3g 10 26 284 27.2
3 E 2%36 l 0.5792 | ] 30.3 307 30.5
G 1¥75 18 11.1556 | 10 17.5 | 26.] 25
I*ath room 1*36 [ 2.9944 134 243 20
#1 1*18 3 3.5647 ]
Path room 1*36 5 2.9944 152 | 25.1 25.7
#2 i*18 3 3.5647 15
F %36 1 0.5792 10 186 | 307 | 2465
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3 1*36 I 0.5562 10 9.5 [ 223 15.9
__Room #1 1*75 I 5472 20 42 | 5.266 7.1
~ Room #2 1#75 1 3.963 20 117 | 117 11.7
Room #3 1*75 | 3,105 20 82 |107s| 144 |
| 1*100 | 2.6254
Room #4 175 2 4.8089 20 89 | 1002 12
.q
| distributor | 1*75 ! 1349 | 10 L0 10 10
2- Ground floor
Regian # Power (w) | Actunl | Recommended | Recommended = Measured Flux (fe) |
For each | No. of | No. of Light Flux (fe) | Min. | Max. | Ave,
fitting light
A [%100 48 b5 0.5 | 12 | 2623
1%20 12 55.6 30
1*60 8 24.5
B 1£100 ¥ 39,6699 30 1.5 11 5.05
1*60 2 11.174 .
C 1*60 7 23.235 30 2.1 | 163 | 7.988
1*100 10 | 21425
D 1¥100 3 4.8 30 123 | 18 | 1562 |
El 1*16 5 1.0954 10 162 | 37 27.2
1*18 3 1.5649
E2 1*36 2 0,4992 192 | 255 | 223
1100 | 0.312 10
1*18 3 1.7844 _
Fi 136 = 0.8237 10 | 142 | 142 | 142
F2 2*36 | 0.569 ) 15 15 15 |
G1 4*18 10 245 10 | 20.7 | 284 | 2452
G2 4*18 2 1.09 10 252 | 326 |28.367
Library 2%36 10 9.9819 kLY 26 | 388 | 34.36
Shipping room 2*36 6 4.8621 30 020 34 | 319
- 1 2*36 I 0.7244 10 11.8 [ 13.566 | 15.

2 2%36 1 0.6532 10 204 | 21 20.7
= 2%36 | 04719 10 166 | 166 | 166 |
Kitchen 2*34 | 0.8197 20 11 11 11

3 2%3G 1 0.5984 10 25 | 35 3
4 2*36 ! 0.448 10 1] -3 16
5 0.8013 3 3 3
g 2%15 1 02126 | 10 4 | 4 & |
5" 06348 i [ 1 1.1
Supervisor 2*36 6 4.5913 30 24 36 3.6
Staff L
Administration 2%34 6 | 476 30 37 | 459 | 421 |
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Total power for flux measured 1s 13 8705 w

Total power for recommended flux is 12.2133 w

Total power saved is 1.6372

‘Total saved for one year is 1.6372*7*26*12-3557 6448

=3.357644K"%.65 NIS

=232 NIS saved for one year
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3- First floor
Region # : Power (w) | Actual ! Recommended | Recommended | Measured Flux (fc)
For each No. of No. of Light Flux (fc) Min. | Max. | Ave
fitting light
Computer 2*36 10 6.6527 20 125 | 25 22
| room
Supervisor 2%36 3 3.093 30 17.5 | 290.5 | 24.83
Staff ,
Administration | 2734 2 3.3205 0 201 | 24 [2236
Kl 2%36 I 0.3392 10 19.56 | 20.53 | 20.03
K4 0.766 _ 10 |
K2 236 1 0.9020 | 10 26 | 26 | 26
K3 2*36 2 0.9099 15 36 | 36 | 36
S 2*36 1 1.0356 10 5 10 0.5
Mulfipurpose 2*36 8 7.7263 30 245 | 3133 | 29406
___Hall
Kitchen 2*36 1 D.6376 20 228 | 26.7 | 2475
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ﬂ:pendlx D Walls Sections Construction And Useful Tables

|
L X 1
{—h )+(Eki)+{_h )
fin i1 i ¥ et
Calculations for overall heat transfer coefTicient:
1. Theater eciling Construction (first floor):
O Ty S S e I iv

L kR o 5 b

o L ‘nii- :f.-

- ] ‘- b5

Figure (D-1) Theater ceiling Construction (first floor)

Table D-1 Theater ceiling Construction (first floor)

No. | Construction Material | t (m) | K (w/m.C")
1 | Conorete 0.08 | 148

12 | hda el KE Gyl [ D27 [ 038

'3 | Congrete block 0.05 | 0.95

4 | plaster 0,02 (032

U ceiting = 1/ [(1/h ¢ DR U 7 oud]
=1/ [(1722. 77 1/9.3T)+H0.08/ 1 .48+ ﬂ'E?fﬂ.Eﬂ]‘Hﬂ.USI'U.'S'S:I-P{ﬂ.ﬂ?a'ﬂ.TE}]

= 1.004 (W/m".C")
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u ceting2= L/ [(1/h ¢ a0 Bk 1 g oud)]
=1/ (122,70 1937 0.08/1.48)(0.02/0.72))
= L9 (W/im’.C")

= éﬁUra! _]_l}_ﬂ4xg.i+zfil}xi}13_]g{wrmifaj
4=

2. Ceiling Construction of the basement floor;

o " T, - cin i A . < Sy
T h"a.n 2 1'H---'}'-:' 1:-_ _:} e ( L B [ "'-"\-'ll*h_.-:- f}}f&})‘. = .r‘uﬂ b 1
A . ] at |
GJ_ _‘r e e e b
7|

Figure (D-2) Ceiling Construction of the basement foor

Table D-2 Ceiling Construction of the basement floor

No. | Construction Material | t (m) | K (w/m.C")
1 Terrazzo Tiles 003 |1

2 | Morar 0.03 | 1.4

3 Sund {11 005 | 0.3

4 Conérele 008 | 1,43

5 | (<Eok 0.12 [ 0.38 |
6 | Concrete block 0.05 | 0.95

7| Plaster 0.02 [0.72 |

Ul =1/ (1 pioH D)+ Lh ¢ ou)]
= 1/ [(2/9.37)+(0.03/ 1.8H0.05/0.3)+(0.08/1 48)HH(0.12/0 38H0.05/0.951+0.02/0.73)]
= 1.18 (W/m’.C"),
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U2 = 1 /(1 g ) B 1R poud]

= 1/ [{2/9.37H0.03/1.8}H0.05/0.3)H(D.08/1 48)+(0.02/0.75))

= 2.09 (Wim*.C).

L.IExq, : LS
y - L18x04+209x0.15 Py
0.4+0.15

3. Basement floor construction:

Table D-3 Bagsement uor construction

: No. | Construction Material | t(m) | K (W/im.C")
| Termazzo Tiles 0.03 1
2 Mortur 0.03 1.4
3 [Sand il 0.05 03
4 R.C slab - 0.1 1.48
5 Core building 0.05 1.4
& Hard core D.15 1.5
7 Compacted fill 2 1.4
—,_,—,, __i—z—l
_1!‘_’_"’_"_' e “ac ___ 4+, _..'I"' e o 1 f .;____i: L lcy 5
4]
| S

Figure (D-3) Basement floor construction
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U =1 1
Brment Floor Comtrostion. — 0 D?- 0.03. 005 0.05 TR, & L
LI |- e ———
{9"5?) {]_4] I: } } { ] 1.4} ':1.5:II

=0.511 (Wm’ .C°).

Theater Steps:

Table D4 Theater Steps

No. | Construetion t K B
Material (m) | (w/m.C")

1 plaster 0.02 0.72

l 2 conorete 0.25 1.4%8

Figure (D) Theater Steps
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1 =X 1
[i }+{§k_]+(hrmj

1
0.02. 025

- 2
G o Gas?

=2.438 (Wim™.C").

Steps filled with concrete

Figure (D-5) Steps filled with conerete

Table D-5 Steps filled with concrete

| No. | Construction Material | t (m) | K (w/m.C")
1 | concrete 0.25 1.48
2 | Compacted fill 2 1.4
U = 1
steps (e by hard sure}

=1

T oxX
(hi—'m} +(3. k_:}
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B 1
e 0.25 2
) e N s i
{"-JL?:.T«':I {1.43}+{1.4]
= 0.586 (W/m’ C® ).
4. Out side wall behind the street level:
’
i ™
1 L
| A h ; '.'I
5 > =
4 A -
: .
=E
r

Figure (D-6) Out side wall behind the sireet level

Table D-6 Out side wall behind the street level

| No. | Construction Matenial t{m) | K (wm.C’)
| | Plaster 0.02 072
2 | Conerete 0.25 | 148
3 | Mastic Asphalt (<L) 35 | 0,002 | 0.1
4 | Wood (w28 5 38) 0.005 | n.14
S | Compacted fill (pals) 2 1.4

I 002, 025 0002, 0.005 )
(Ej+(ﬂ.1‘2}+{l;ﬁ§]+{ 0.1 }+{{].14'~}+(I,_4}

Uﬁuﬂhwﬂmuupmm ;.m;j:

= (L559 (W/m™.C").
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5. Out side wall above the strest level:

T
x -'{r': ‘:ll
I

o
"y
b

b
s

LET]
DS e e e e e

furs |""
T

TR D
P, p
o l_f"

Figure (D-7) Out side wall above the street level

Table D=7 Out side wall above the stregl level

' No. | Construction Material | t(m) | K (w/m.C")
7 e 025 1.48
2 | Plaster - 0.02 0,72
3| (e T ekt Agasan) 0.02 0.53
‘ 4 Concrete 0.1 1.48
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5 | stone | 0.05 ‘ 2.2

1
Ut’ht%uﬂdﬂ ihe gbeet level
= | 1 025 (.02 0.02 0.1 0.05
—_— ) —} 4+ + = 1 -
(9.3?} [22.?} 1:1.-1-1-]\'I {III.'.'f.’EJ1 (0,53} l:1.-=IE]+[ 22

)

= 2.103 (W/m’ C°).

6. Internal walls between small rooms :

Plaster Zem - ||
Bleaek 10Em !_
= i
Flaster 2cm

1

Figure (D-8) Internal walls between small rooms

Table D-8 Intemal walls between small rooms

No. | Construction Material | t (m) | K (w/m.C")
I |Block a1l |07
2 Plaster 002 |0.72
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1

2 0.02 0.1
SN U gt i
{9.3?} {U.TE}+{0.TTJ

Uhmwwﬂhbﬁmmlm=

= 2,69 (W/m.C"),

7. Doors for small rooms:

70cm

200 em

|

Figure (D-9) Doors for small rooms

Table D-9 Doors for small roomas

'No. | Construction Materlal | t (m) | K (w/m.C")
| |

1 | Waod 0.04 0.17
U B 1
Doors for sl reams 2 0.04
(—==) +(—=2)
937 0.17

= 2228 (W/m*.C).
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Appendix D

8, Glass windows and doors:

Glegs Jom

1 an

Hews Jom

==

125em

210 e

Figure (D-10) Glass windows and doors

Table D-10 Glass windows and doors

No. | Construction Material [t (m) | K (w/m.C")

T |G 0.003 08

2 [ Still air 0.01 0.026 i

N 0.003 : 0.01 1
{g—_ﬂ) +2x( ﬂ.a_Hlﬁj}—iE} ! {E,-J

= 1.842 (W/m*.C°).
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Columns in fover space:

Table D-11 Columns in foyer space

No. | Construction Material | t (m) | K (w/m.C")
1 | Plaster 002 om |
2 Conerete 0.6 1.48
3 | Skme 0.05 2.2
U N |
Columiaa lii Ryver sprce _'_i_ .05
Gar? 7007 fm’ II}TZJ {E)

= 1.648 (Wm’.C°).

Theater stage (wood):
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'ﬁé@'ﬁﬁt_&i& KA R '
R PR
P R T e S e
Figure (D-12) Theater stage (wood)
Table D-12 Theater stage (wood)
Ugs M t (m) K (w/m.C)
1 Hard core 0.15 1.5
2 Compacted fill 2 1.4
(3 | Core building 0.05 14
4 'R.C. Slab 01 | 1.48
5 Sand fill 0.05 0.3
6 | Momar 003 | 14
7 Terrazza tilcs (.03 I
8 wood 005 | 0.065
1

Ulhmntﬁuﬂnh' =
s 1 003 0.03 0.05 (R
1 += + - —
{93'1"} [ 1 & 1.4} [ D.ﬂ} (1.43

005. 2. 0I5 005
)+{ﬁ] | {G“{Tsmuﬁ}

= 036635 (W/m™.C%).
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Table D-14 Heat gam from occupants in wall person

- ——
| Total
Toral Heat | Adjusted”
Trpical Dissipation | Heat Sensible | Latens
Lvpe of Activiry Applicasion  AdultMale | Disipation!  Hea Hean
d Srrucﬁ.n fret . roatcr - 5N . =
: fide .‘. o, |- Mazinee 111S XN.0 &4 0 30
b vos s i Bvesing Y =7 - _-_'Ir*._i.*.,_: o e s100.0 L Mo
Seared, very lizhe Cffices. hotels,
wark ApAIRenLs, i
festiurant 128.5 I D 00 | 4.0
l HM;J.}.I{;I& Jmu @ frx-*s |I""¥'|’-. g - §4 2 e
office wizth apatoients e~ - B 12L5 3 ) sTo
Standing, ligat Deparaneni ' i
wmk, waliing stowe, rerl sroie 1530 : 1434 15 | 714
Walking seaned L~ e e o P T I S T 718
Standing. walkise | :
sinw Ty | Rask - 1570 L 1419 s il
i auimu.mmt - | Restatmpne L1685 1310 | 785 83
. L i
Laght bench uml. Faciary 2310 2140 7i0 .0
Y o b SorallPans q e '
¢ ?.';-L_):Liﬂ:lit‘_'_‘lll-‘ﬂlt | ammmbly - ‘.?.‘-.? 0 . 7430 5§7.0 156.0
Maoderate dancing | Dance hall 570 439 150 156.0
et B L R ] L e s o o Bt
3 Walking - Limss | Factory BN oL T ] LT 167.0 17580
Bow!yp
{parcipant) 8o m:gsl'_ 12'5 3 40 156 0 74E D
t Hrav;"wurk i Fanr:n -3, " 423, 5 4140 165 0 2480
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Table D-15 Properties of water (samrated houd)

Notes @ pr — (9% % 27

| s
‘Ik

k
‘F 5 kdkg- C | kom’ kgm:s  Wm € Pr 1im* ¢

i ] § 5 ean 173w 10 155 ¥ V)

1] a4 1 21 =N 125 575 175 101« 10
X 0 i == B L 3B 840 | &34 2
a0 1456 186 =3 1 1.2 2505 756 108 10
7 ; 1 114 i d EMNud T Bl 1496«
% 2157 .17 ity & g4 | X 1.3 x 100
T GO I 11 1474 e = i 5 T5 - ¥ 208w 0/
5 B 4.374 3.0 ¢ o2 A =3 1.3 a1

1 LM o § 174 e i 16 20T 3.5 4w 0
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Table I)-16 Outdoor air recuerments for ventilation
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Table D-17 Infiltration through window and door crack in cubic meter per
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Table D-19 Infilrabion rates dus to door SRETTE M por pAsEEgE

Doors i One Wall Only Doers in moze than Oae Wil
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Table D-19 Cooling load temperabure differences for calrulaing coolius Joad o sunlh roofs ——
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"Table D-20 Sclar heat gain factor (SHG), W/m=, for a latitude angle

of 32°

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
N o e, THA767585 101 114,120 139126 117 104 88 76 69
NNE/NNW .’ | 276785 117,252 ¥350: 385 350 249 110 88 76 69
NE/NW 91 205 338 461 536 555 527 445 325 199 91 69
ENE/WNW | 331 470 577 631 656 656 643 615 546 451 325 265
;'EJ’W 552 647_’.?16 716 694 675 678 691 678 615 546 511
:ESEF -.?22-,?54.743_@31.52'& 596 612 663 716 738 710 688
SFf‘iw 786 782 716 590 489 439 473 571 688 754 773 776
ssnz%w | 789 732 615 445 213 262 303 429 596 710 776 795
s ‘ ?_?fﬁfﬁo 557363233 189 2277350 540 678 767795
orts: 2L tln | 555 685 795 855,874 871 861 836.770 672 552 498

Table -D'-:]. Shading coafficient (SC), for singla, double and insulnting glass withowl irdetor 'ih'_-"'-“';'ii ;

T'wvpe of (3lass

L= -'4‘ --'h
ey T
X,

¥ ,ﬁu < rTiky
= T

Heat absorbing

Sy

Heat .Il'!v!-'.:.'nll'hll'lp"_'

M

Nominal
Thickness {rmm

g1 3 ".*""ﬂ-]?-
wl = nTe7
L] ) i3
1] 0 A
10 a.33
12 0.4z

036
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Talle D-T3 Coveng s frtors e ghaics mithut sbisiir shadieg, rorh ibituae
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Table le I-24 Cooling load g load lemperature differences for glass convection

Sn]kr

5 1 2 3 4 5 6 7 8 9 1011 1215 14 15 16 17 13 19 20 21 22 23 24
C
rgﬂ'1u_;_l-1_1_|ul2451:3317543:21

‘Table D-2% host gain rate trom miscollancous appliances (W)."

Witk
Withoot TTood Floaoad
Al

Scmsiblc

Tatcne

< ‘offee urn (:‘:I.ccuuﬂl)
Cloffes urn (gas)
Deep I':l[ lrver [(electrical)

Epn bnllur : ' zzt:
Frying gricldle 13,600 T.200
Flostpilane 1.550 1,060

Diversity Factor

-"’trﬁlrtml:ms and hotel hedmnms 0.30.0.50 0.4.0.6
Public rooms in hotels 0.90-1.00 0.4.0.6
Dlepariment stores and supermarkets 0.00-1.00 0,.8-1.0
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Table D-27 cooling load factors for lighting.t
Fixture X* Fixmure Y*

Mo of howurs after Thours of of
1

1=

16 o.1% 0 o4 o.08 0.9%
17 D17 040 O O 0.24
15 D15 0. 3 005 0 20

e
T Fuature descnipuon: X, recessed hghts which are i venoed, T he SUPply and retars aa .
registers are below che coiling or through the coiling space and grille, W, venred o free
hanging lights. The supply au ivgisiors are Below or through the eciling with ehe oo adr
rogisters arouml the lxmures and through the celling space.

- - 3 T e L TORNSE A W AT A e T AP i e M el e WL T T W T T

Takle D28 sonsitiie hent cooling jond 10CIors for Deopie ¥
Flonrs afivy -r.-..'hl

179



Appendix D

Walls Sections Construction And Useful Tables

Table D-29 Steel pipe dimensions
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Pumps And Fans Appendix E
Table (E-1): The First Package Unit AC
|- Supply line duct o the basement floor
(d(m) | Q(m'/s) | V(m/s) |  Re roughness | f | by (m) | hy(m)
036 | 07587 | 6.7437 | 1.5303%10° | 0.000125 | 0018 | 093375 | 23179 |
0.34 0.569 | 3.0577 | L2195%10° | 0.0001323 | 0.015 | 0.1546 | 1.6501
0.3 0.1897 | 2.7095 | 4.9531*10° 0.00015 0,019 | 0.1326 | 1.1459
| 0.29 0.1897 | 2.7095 | 4.9531*10° | 0.0001552 | 0.019 | 0.0552 0.3742
1024 | 0.0948 | 1.8967 | 2.8694*10° | 0.0001875 | 0.022 | 0.0166 | 0.1833
021 | 0.0474 | 12644 | L6738%10° | 00002143 | 0.0235 | 0.018390 | 00815
0.73 3.07 6.39 2.9395%1(F 0.0001216 | 0.015 | 0.1676 | 2.08
| 0.48 ! 2.4 1062 | 3.2127*10° | 0.00009375 | 0.018 | 2.83636 | 5.75
2- Supply duct line to the thealer /el hand side from entrance
d(m) | QmYs) [ V(mh) |  Re roughness | f | by (m) | hy(m)
1.04 621 67475 | 4424*10° | 0.00004326 | 0.017 | 0.16 | 2321
0,86 4.1 644 | 3.4896%10° | 0.00005233 | 0.018 | 02716 | 2.112
0.72 2.883 6.55 2.9737%10° | 0.0000625 | 0.017 | 0.162 | 21881 |
0.6 1.7 5.0 2.1184%10° 0000075 | 0.018 | 0.1158 | 1.599
3- Supply duct to the theater /right hand side
d(m) | Q(m'/s) | ¥V (m/s) " Re roughness f by (m) | hy (m)
| |
0.63 2.45 7.2 2.8651%10° | 0.000071428 | 0.0185 | 03167 @ 2.652
i = I R EEEE—
0.48 2.14 | 10,62 | 3.2127*10° | 0.00009375 | 0.016 | 0.3584 | 5.7464
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4- Small branches losses at the middle of the theater space
d(m) [ Q(mYs) V (mus) Re roughness T [ br (m) | ha(m)
0.49 1.2 85 2.6223*107 | 0.00009184 | 0.0165 | 0.7293 | 3.6736
3- Second Package unit for foyer space
d (m) Qms)| ¥V Re roughness = he | hg(m)
E o (m/s) (m)
Main duet 8.5 921 | 6.2689*10° | 0000041666 | 0.0155 | 0.1677 | 4.222
1.08 ] ol
' (right ducf) 1.4 5.7 | L7575%10°  (.0000918 | 0.0175 | 0.131 | 1.6501 |'
0.49 = |
0.49 1.4 5.7 | LI575%107 | 00000018 [ 00175 0121 | 1.65
0.29 0.38 51 | 9.2457*10° | 0.000155 | 0.018 | 0.3064 | 13038
0.29 0.13 1.7 [ 3.0819*10% | 0000155 | 0.017 | 0.017 | 0.1449
0.29 013 | 1.7 [3.0819*10° | 0.000155 | 0.017 | 0.017 | 0.1449
0.29 0.13 1.7 | 3.0819%10° | 0.000155 | 0.017 | 0.017 | 0.1449 |
0.29 0.3 | 1.7 [3.0819°10°| 0.000155 | 0.017 | 0.017 | 0.1449 |

G- Top supply line for foyer space (line goes to the main door side)

d(m)  Q(mYs) V¥ (m/s) Re roughness f be (m) | hy(m) |
i | 73 873 | 5.5034*10° | 0.000045 | 0.015 | 0.07965 | 3885 |
087 | 471 74 | 4.036%10° | 0.0000517 | 0.0154 | 0.1913 | 2961
0.76 2.62 525 | 2.5139%107 | 0.0000592 | 0.0182 | 0.104 | 1403
0.69 1.9 477 | 2.0749*10° | 0.0000652 | 0.0177 | 0.03699 | L.16
0.6 1.43 477 | 1.8042710° | 0.000075 | 0.0188 | 0.041 | 1.16
0.44 0.95 3 1.6539*10° | 0.0001023 | 0.0165 | 0.0313 | 1.8123
| 0.44 0.72 4.5 1.2404*10° | 0.0001023 | 0.0173 | 00939 | 1.02
0.6 1.43 477 | L8042*10° | 0.000075 | 0.0188 | 0.041 | 1le
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0.69 19 477 | 20749%10° | 0.0000652 | 0.0177 | 0.03699 | 116

D.76 2.62 5.25 | 2.5129%10° | 0.0000592 : 0.0182 | 0.104 1.403

‘d{m) | Q(m'fs) | V (m/s) Re roughness r By (m) | hy(m) |

055 2.09 8345 | 2.8933*10° | 0.000081% | 00162 | 07228 | 355

055 2.09 §345 | 2.8933°10° | O.0000RI8 00165 | 02362 | 3.55

0.46 1.252 7 2.0165%10° | 0.0000978 | D.0163 | D.08%1 | 2.465

0.43 08 5.3 1.4362*10° | 0.0001047 | 0.017 | 0.1721 | 1.431

032 0.42 4.63 9.352%10" | 0000141 | 0.0181 | 02092 | 1.1

7- The last branch m foyer space.

d(m) | Q(m'g) [V (m/s) | Re " roughness | [ he (m) | by (m)

043 0.8 53 1.4362*10° | 0.000105 | 0.0174 | 0.0751 | 1431 |
o I = z - T -

0.12 0.42 4.6_353 9.352*10° | 0.0001406 | 0.0171 [ n.:ma_ 1.1

8- Basement supply linc (900 CFM Louver)

d(m) |Q(m¥s) |V (mis) | Re roughness | f by (m) | hg{m)

035 0.57 5.2 1.1412%10° | 0000129 | 0.0177 | 0.8233  1.3637

0.69 1.83 6.3 2.7263%10° | 0.0000652 | 0.0185 | 0.219% | 2.0025

] — === e ]
0.47 | N.92 4.7 1.3920%10° | 0.0000957 | 0017 | 0.2073 | 1.13
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9- At the right of the upen area.
d(m) Qm's) | V(m/s) [Re roughness | [ by (m) | hy(m) |
0.34 5.7 S2 | LI086*10° | 00001324 | 0.0178 | 05613 | 1363
069 | I8 6.3 2.7263%10° | 0.00006322 | 0.0184 | 0.0523 2
0.47 0.92 47 1.3928%10° | 0.0000954 | 0.0178 | 02749 | 1.126
Table (E-2) Retum duct from the basement floor to the fist Package
I- Suction line thom the small rooms
'd (m} Q(mjfs) ¥ (m/s) Re roughness f B¢ (m) | hy(m)
0.32 65 | 61 1.2243*10° | 0.000141 | D.0178 | 05145 | 1.8775 |
0.32 053 6.1 | 1.2243%10° | 0.000141 | 00178 | 0.1271 | 1.8775
10,29 0,57 8.13 | 1.4859*10° | 0.000155 | 0.0171 | 04275 | 3.37
0.27 0.354 59 1L.0034%10° | 0.0001666 | 0.0178 | 0.054 | 1775
0.24 0.3 531 | £0342%10° | 0.0001875 [ 00176 | 02185 | 1.44
021 0.2 47 | 6.2488%10° | 0.0002143 | D.0I%0 | 0.1436 | 114
il}.lﬁ 0.1 1.9 3.0675*10° | 0.00028125 | 0.0195 | 0.1584 | 0.79
;_L
d(m) | Q(m’/s) |V (m/s) |Re roughness | T hy (m) | hy (m)
0,48 1.58 8.21 | 2.4843*10° | 0.00009375 @ 0.0172 | 0.4423 | 3.44
0385 | 1.6 12 2.9225%10° | 0.0001169 in.mas 23718 | 74
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3- Return duct to the first package unit from the theater from the left hand side

Appendix E

d (m) Qm's) | vV Re roughness f hy | hg(m)
1= (my/s) . (m) |
0.625 G 27.13 | B.RO7S*10° | 0.000072 | 00182 [ 20,174 | 17.52
0.7 I~ 23 | 55 1241774107 00000643 | 0.0181 | 0.5028 | 153
Right side of '
the theater
0.535 14 7.7 | 2.6046%10° | 0.00008411 | 0.0148 | 1.1417 | 1.04
right hand | '
side of the
theater |
1.01 2.77 3.2 | 2.0417%107 | 0.00004455 | 0.016 | 0.1859 | 0.5242
| branch duct
after the slope |
line
1.01 7.14 8.3 | 5.2688*10° | 0.00004455 | 0.018 | 0.5586 | 3.5
branch duci
after the slope
line
4- Retumn duct to the 2" second packnge
d(m) | Qm¥s) |V (m/s) | Re roughness | f by (m) | by (m)
0.89 5.4 7.8 43852%10° | 0.00005056 @ 0.0174 | 0.5052 | 3.114
5- Suction [un for the small bathrooms behind the theater
d (m) Q(m'/s) vV Re roughness | f hy | hg(m)
{m/s) ! {m)
0.33 D57 6.2 1.3151%10° D.OO0136 | 00174 | 01273 | 204
0.24 043 | 854 iu?tz*m-‘ 0.0001875 | 0.0177 | 0.3414 | 3.7 i
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024 03 57 |8.6081*10"[ 0.0001875 [0.0184 | 0.16 | 1.65
0.19 014 | 47 | 5679%107 | 0.0002368 | 0.0192 | 0.02 | LI5S
(0.19 0.1 24 | 2830510 | 00002368 | 0.023 | 00733 | 0.3 |
(Small ' |
branches
0.21 0.07 1.9 1235106*10° | 0.000214 [ 00234 [ 00312 ] 02
0.1685 0.04 14 | L511*10° | 0.0002671 | 0.0251 | 0.0396 | 0.1
01523 0.07 | 36 |34145*10° | 0.0002954 | 0.021 | 0.122 | 0.6446 |
0.24 007 | 474 |38856*10° | 0.0002954 | 0.0215 | 0278 | 1.15 |
024 007 | 474 [38856*10"| 0.0002954 [ 0.0215 | 6278 | 115
024 007 | 474 | 388567107 | 0.0002954 | 0.0215 | 0278 | 1.15
6- Suction duct from the preparing rooms
d(m) | Q(m'/s) | V(m/s) Re | roughuness | hy (m) | hy(m)
0.13 01,04 2.5 2.0723*10" | 0.000346 | 0.024 | 01709 | 033
0.1523 | 0.08 38 | 3.6426*10" | 0.0002955 | 0.0215 | 0.2075 | 0.73
0.1685 | 0.8 | 3.2235%107 | 0.0002671 | 0.0221 | 0.0749 | 05
0.17 0.11 | 46 | 48353%10° | 0.0002647 | 0.0211 | 03384 | 1.1
0.21 0.2 4 5135624107 | 0.0002143 | 0.0195 | 0.1613 | 0.83
0.21 0.2 5.1 6.6952*10° | 0.0002143 | 0.0189 0084 | 13
.d{m} Qm’/s) |V (m/s) | Re roughness | f !h; {m)  hg (m)
0.23 0.2 42 6.1107#10° | 0.0001956 | 0.0191 | 0.1033 | 0.1
023 0.2 51 | 7.13328*10° | 0.0001956  0.0193 | 0.0208 | 13
7- Swuction duct from the bathrooms in the basement floor:
d(m) | Q(m's) | V(mfs) | Re roughness f [ he (m) | by(m) |
0.27 0.3 42 | 7.734*10° | 0.0001666 @ 0.0192 | 0.1 0.91
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0.32 0.51 562 | 1.1336%10° | 0.0001406 | 0.0178 | 0.2691 | L61
0.32 .76 ®43 1.7004%10° 0.0001406 | 0.017 0.5875 3.62

Table (E-3) Total Supply and Return Head
Package No Total supply head (m) | Total return head (m) |
Package #1 33.876 69,2242
Package #2 41.0568 3114
900 CFM fan coil #1 4.4962 ]
900 CFM fan coil #2 4.49 0 i
900 CFM suction fan 0 132346
360 CFM suction fan 0 7
1200 CFM suction fan 0 6.4
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Figure (E-1) Pump Dimensions

Table (E-4) Pump Dlimensions
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Fan operating points
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Figure (E-4) Performance Curve for the main supply fan.
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Appendix F

Table (F-1) Description Of The Pins And Its Operations.

Pin No. Pin Name Pin type | Deseription
1 RC7/RX/DT/SDO ' Digital O,
RC7 IO | EUSART
RX 1 asynchronous
DT L'O recejve.
SDO & EUSART
synchronous data
(see TXX/CK).
. SPI™ data out.
2 RD4/SPP4 Digital 'O.
RD4 VO | Streaming
SPP4 IO Parallel Port data.
3 RD5/SPP3/P1B Digital /0.
RD5 1o Streaming
SPP3 e} Parallel Port data.
P1B 0 Enhanced CCP1
PWM output,
channel B.
4 RD6/SPP6/PIC Digital I/O.
RDG Lo Streamng
SPP6 /O Parallel Port data.
PIC O Enhanced CCP1
PWM output,
n | chanmel C.
5 RD7/SPP7/PID | Digital /0.
RD7 Lo Streaming
SPP7 Lo Parallel Port dala.
PID 0 Enhanced CCP1
PWM output,
. channel D. |
' 6 VSS P Ground reference
for logic and /'O
pins.
7 VDD P Posilive supply
for logic and 1Oy
_ pins
8 RBO/ANIZ/INTU/ELTWSDLSDA Digital /0.
RBO 1O Analog input 12,
ANL2 [ External intermupt
IMNTO 1 0.
FLTO . Enhanced PWM
SD1 i Fault input
SDA VO | (ECCPI1 mudule).
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B | SPI™ datain. |
' 12C™ dala VO, |
9 RBI/ANIOWVINTI/SCK/SCL Digital /0.

RBI i8] Analog input 10.

AN10 | External interrupl

INTI I i

SCK YO Synchronous

SCL 1’0 serial clock
input/output for
SPI mode.
Synchronous
senal clock
input/output for
[2C mode.

10 RB2/ANS/INTZVMO Digital V0.

RB2 9] - Analog mput 8,

ANS 1 External interrupt

INT2 I 2,

VMO O External USB
transceiver VMO
output.

11 RB3/ANY/CCP2/VPO Digital /0.
RB3 1o Analog input 9.

ANY I Capture 2

CCP2 10 input/Compare 2

VEO O outputPWM 2

| output, |
External 1ISB
transceiver VPO
output.
12 NCACCEACPGC No Conneet or
ICCK 0 dedicated
ICPGC VO | ICDACSP™ port

clock.(3)
In-Circuit
Debugger clock.
ICSP
Programming

B clock.

13 NC/ ICDT/ACPGD No Connect or

ICDT O dedicated

ICPGD 18} ICD/ICSP port
clock.(3)
In-Circuit
Debugger data.
ICSP
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programming
i data.
14 RB4/AN1|/KBI0/CSSPP Digital /0,
RB4 O  Analoginput 11.
ANII1 1 . Interrupt-on-
KBIO 1 change pin,
CSSPP 0 SPP chip select
control ourput.
15 RBS/KBI/PGM Digital 1/0.
RBS 1O Interrupt-on-
KBII I change pin.
PGM IO Low-Voltage
JCSP™
Programming
enable pin.
16 RBG/KBI2/PGC Digital 1/0.
RB6 10 Interrupt-on-
KBI2 I change pin.
PGC o In-Circuit
Debugger and
ICSP
programming
o clock pin,
17 RB7/KBI3/PGD ' Digital 'O,
RB7 Lo Interrupt-on-
KBI3 1 change pin,
PGD O In-Circuit
. Debugger and
ICSP
programming,
data pin.
18 MCLR/VPP/RE3 Master Clear
MCLR I (imput) or
VPP P programming
RE3 1 voltage (input).
Master Clear
(Reset) input.
This pin is an
active-low Reset
to the device.
Programming
voltage input.
Digital input.
19 EANAN(
RAO Vo Digital I/O.
ANO I | Analog input 0.

194




PIC1BF4550 Appendix F

20 RATANI

RAI 10 Digital I/O.
ANI1 | Analog input |,
21 RA2/AN2/VREF-/CVREF Digital 1'O.
RA2 Lo Analog input 2.
AN2 I AD reference
VREF- I voltage (low)
CVREF 0 input.
Analo
comparalor
= reference output.
22 RAS/ANI/VREF+ Digital 170,
RA3 110 Analog input 3.
AN3 [ A/D reference
VREF+ [ voltage (high)
s . input.

23 RA4 /O | Digital 'O
TOCKI I Timer( cxternal
ci1out O clock input.

RCV 1 Comparator 1
outpul.
Exlemmal USBE
| transceiver RCY
y _ input
24 RAS/AN4/SS/HLVDIN/C20UT Digital I'O.
RAS 1o Analog input 4.
AN4 1 SPT™ slave
SS I select inpul.
HLVDIN 1 High/Low-
czouT O Voltage Detect
inpul.
Comparator 2
o output.
25 REGWANS/CKISPP Digital I/O.
RED I'0 Analog input 5.
ANS 1 SPP clock |
CK1SFP (8] output,
26 RE1/AN6/CK2SPP Digital /0.
RE! 'O Analog mput 6.
ANG 1 SPP clock 2
CE2SPP 0 output,
27 RE2/AN7/OLS Digital /0.
RE2 o Analog input 7.
AN7 1 SPP output
OES 0 enable output.
28 VDD Positive supply
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for logic and 1O
pins
29 VSS P Ground reference

for logic and T/O
_ pins.
30 OSCI/CLKI | Oscillalor crystal
or external clock
0SC1 I input.
CLKI I Oscillator crystal
input or external
clock source
input.
I External clock
source input.
Always
associated with
pun function
0OSCl1 _
31 DSC2/CLKO/RAG Oscillator crystal |
' or clock output.
0SC2 0 Oscillator crystal
output. Connects
CLEKO O to crystal or
resonator in
Crystal Oscillator
RAD jr{8) mode.
In RC mode,
0SC2 pin oulpuls
| CLKO which has
| 1/4
the frequency of
08C1 and
denotes the
instruction
cycle rate.
General purpose
10 pin.
32 RCOTIOSOMTI3CKI Digital IO,

RCO /O Timerl oscillator
TIOSO 0 || output.
T13CKI 1 - Timer]/Timer?
external clock
input.
33 ' NC/ ICRST/ICVPP Mo Conneet or

ICRST dedicated
ICVPP P ICT/ICSP port

e
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Resel (3)
Master Clear
(Resct) input.
Programming
0 voltage input.
34 NC/ ICPORTS No Connect ar
ICPORTS P 28-pin device
cmulation.(3)
Fnable 28-pin
device emulation
when conmected
1o VSS.
35 RC1/T10SVCCP2UQE Digital /0. i
RC1 e Timer! oscillator
T1081 I inpul.
CCP2 o | Capture 2
UQE O . input/Compare 2
- output/PWM 2
output.
External USB
transceiver OF
output.
36 RC2/CCPL/PIA Digital 1/0.
RC2 IO Capture 1
CCP1 'O input/Compare 1
P1A 0 output/PWM 1
outpul.
Enhanced CCP1
PWM output,
| channel A.
39 VUSB O Internal USB
3.3V volluge
e il regulator output.
3B RD{VSFPD Digital 10,
RDO ] Streaming
SPPO vo Parallel Port data.
39 RD1/SPPI Digital /O,
RD1 Lo Streaming
SPPI 1O Parallel Port data.
40 RDZ/SPP2 Digital I'O.
RD2 1O Streanung
SPP2 IO Parallel Port data
|
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41 RD3/5PP3 Digilal /0.
. RD3 0 | Streaming
SPP3 'O Parallel Port data,
42 RCA/D-/VM Digital inpul.
RC4 1 USB differential
D- (8] minus line
™ 1 {input/output),
Extemal 1JSB
transceiver VM
input. .
43 RCS5/D+/VP Digital input. |
RC35 1 LISB differential
D+ 10 plus line
VP I (input/output).
External UUSB
transceiver VP
mput.
44 RCH/TX/CK Digital I/O.
RCa 10 EUSART
TX O asynchronous
CK 10 transmit.
EUSART
synchronous
clock (see
RX/DT).

I= _iﬁput O=output  I'=power

e This PIC contains five ports:-

I. PORTA is a bidirectional [/Q) porl. (Pins 19, 20, 21, 22, 23, 24)

2. PORTB 1s a bidirectional I/O port. PORTB can bhe Software programmed for internal
weak pull-ups on all inputs. (Pins 8, 9, 10, 11, 14, 15,16, 17)

3. PORTC is a bidirectional 1O port. (Pins 32, 35. 36, 42, 43,44, 1)

4. PORTD 15 a mdirectional 'O port or a Streaming Parallel Port (SPP). These pins have
TTL input buffers when the SPP module is enabled. (Pins 38, 39, 40, 41, 2, 3, 4, 5)

5. PORTE is a bidirectional 'O port. (Pins 25, 26. 27, 12, 13, 33, 34, 37).
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The PIC has been programmed using four input pins and other two output pins by
the C++ software program. Then the code has been simmlated on the 18F4550 PIC
SIMULATOR Program to make an indicator about the nature of the output,

F-1 The Programming Code For Mixing Process Passed On C++ Language

#mclude<ade. h>
#include<pl 84550 h>

winclude<delays h>

fipragma config FOSC = INTOSC_HS
#pragma config WDT = OFF

Hpragma config LVP = OFF

void main(void)

4

int temp.rhl,rh2;

int v1,v2,i;

float 11,12,pvs | ,pvs2 pv1,pvZwl w2 w3 h1 h2 h3,m1,m2,m3 111,02 thl th2,2.13 shrl;
float ram p=101.325;

float ram cpa=1;

float ram cpv=1.86;

float ram hg=2501.3;
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float ram shr=1).7;
Moat ram 11=0.5;
float ram 12=0.30;
float ram v—4;

int tin=24;

mt hin=48&;

float ram rl1=0.3,
float ram r2=0.2;

float ram thll,th22;
TRISD=00;

S th11=th22=(.0;

vi=v2=l:

(ipvsl=5.0;
/fpvs2=4.0;

ADCON1=11;

OpenADC (ADC_FOSC 2 & ADC_RIGHT_JUST & ADC 2 TAD,ADC_CHO &
ADC_INT_OFF & ADC_REF VDD VSS, ADC 4ANA);

: while(1)

1
ConvertADC();
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while{BusyADC());
temp=ReadADC():
11 =(temp/0.0048)/0.1:

ADCONO=ADCONO & Ob11110001;
H8elChan ADC{ADC CHL1);
ConvertADC();

while{ BusyADCY());

temp=Read ADC();
12=(temp/0.0048)/0.1;

ADCONO=ADCONO & 0b11110010;
//SetChanADC(ADC_CH2);
Convert ADC();

while(BusyADC()):

rhi=Read ADC();

ADCONU=ADCONO & Ob11110011;
(fSetChanADC(ADC_CH3);
ConvertADCY();

while(BusyADC()):
rh2=ReadADC();
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pvsl= 0.0040697*1]1 *11-0.02122*11+0.8083;
pvs2= 0.004697*12%12-0,02122*12+0.8083;

pvl=th1*pysl;
0 pv2=th2*pvs2;

wi=0.622* (pv1/Ap-py1));
hl=cpat{{cpv*tl -hg)*wl);

w2=0.022% (pv2/(p-pv2));
h2=cpaH{{cpv*12+hg)*w2);

~ wa=({m1*w1)H{m2*w2))m3;

h3=((m1*hlH{m2*h2))/m3;

13=(h3-(hg*w3))/(cpa+r{hg*w3)),
shri={tin-13)/(hin-h3}%;

if{shrl I=shr)

{

h3=((shr*hin)-tin+3)/shr;
7=((m3*h3)-(m1*h1))/(m1*h1);
thi=(m3)(v*11*r1%(1+2))
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th2={z*m3)/(v*12%r2%(1-2));

i{th1>thi 1)
{
PORTDbits. RDO-1; /{forward

PORTDbits RD1=1;

tl=(thl-thl1)/v1;
temp=(int)LL1*10;
for( i=(;i<temp; ++)
Delavl OKTCY x(20);
Hdelay

PORTDbits. RD1=0;

'

else if{thi<th11)

i

PORTDbits RDO=t); //backward

PORTDbits.RD1-1;

ttl=(thl1-thlyv1;
temp=(int)tt1 *10;
for{ i=0<temp;++i)

Delay LOKTCY x(20);
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/idelay
PORTDhits. R 1=0;

}

if{th2>th22)

{

PORTDbits RD2=1; //forward
PORTDbits RD3~1;

tt2=(th2-1h22)/v2;
temp=(int)tt2*10;
for{ i=0;i<temp;++1)
Delayl10KTCYx(20);

{delay
PORTDbits.RD3=0;

¥

else i th2<th22)

{

PORTDbits RD2=0: /rbackward
PORTDbits, RD3=1;

t2=(th22-th2)/v2;
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temp—int)u2*10;
for( i=0;i<temp;++1)

Delayl OKTCYx(20);

.l‘llt"l'd L= LE}I

PORTDbits RD3=0;

thlil=thl;

th22=th2;

-
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