











(3) Air Handling Unit (AHU) and Fan Cool Unit (FCU)
Capacity of cooling = (500 x FL x AT)/12,000

where FL = Flow rate of cooled water passing the inlet and outlet of
AHU or FCU while the water control valve is fully
Opened, the unit of measurement is gallon per minute.
AT = Difference between inlet and outlet cooled water
temperature of AHU or FCU, the unit of measurement is

degree Fahrenheit

(4) Cooling Tower

Capacity of temperature reduction (TR) (500 x FL x AT) /12,000

Where FL = Condensed water flow rate
Passing the cooling tower, the
Unit of measurement is gallon per
minute.
AT = Different temperature between the

inlet and outlet of condensed water from cooling tower,

the unit of measurement is degree Fahrenheit

(3) Cooled Water Pump (CHP) and Condensed Water Pump (CDP)
Indicator of power consumption of water pump = Inlet/outlet water flow rate
(GMP) / pump driven power (kW)
(GPM) 7 (kW)
= FL / kW

(4) Central System

Efficiency of the system = Electric power consumption of the central
system / cooling capacity
ChPS = kW /TR
whenTR = Full load cooling capacity, the unit

measurement is ton of refrigeation
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Load capacity at full rate in ton of refregeration

FL

AT

kw
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(500 x FL x AT)/12,000
Cooled water flow passing the cooling cail,
the unit of measurement is gallon per

minute.

The differences in temperature between
the inlet and outlet cooled water of the
cooling coil, the unit of measurement is

degree Fahrenheit

Total electric power consumption of chiller
cooled water pump, condensed water
pump, cooling tower, and all equipments of
air cooled system, the unit of measurement

is kKW.
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2-7.5 Saving Energy in Air-conditioning System

(/ Cooling Load N )
(kW)
Electric Power @ :
Consumption of Ope_ratlng
HVAC _ Time
(kWh) - < X (hr) >
C.O.P. of X Motor X Trans
System Eff Eff
O IEO N IR:O,
J
K\ )
Power of Operating
+ Auxilary X Time
MONERO

Pump , Cooling fan , FCU

The factors affecting electric power consumption in the air-conditioning system can be

seen in the below table:

Level Guidelines for saving energy

Regulations

«® |1

Reducing external cooling

Load as much as possible

2. Reducing internal cooling

load as much as possible

1.1.3

1.1.4

211

21.2
213

Reduce the area of transparent wall at the
West, the Southwest, and south

Use the light shade such as trees, shade in
West, the Southwest, and south

Use laminated film

Use the material featured insulation to the

wall

Reduce external cooling load and internal
load

Set the temperature for the air-conditioned
areas as highly as possible.

Improve the lighting system to be efficient

Use high efficient electric equipment

Take the equipment causing load out of the

air-conditioned room
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Level Guidelines for saving energy Regulations
T@ Adding the coefficient of 2.1 Control proper amount of refrigerant.
performance (COP) as high as
possible 2.2 Clean the surface areas of heat exchanger
2.3 Control proper amount of water/air passing
through heat exchanger.
2.4 Increase the heat exchanged areas
2.5 Improve or select proper expansion valve
2.6 Adjust cooled water temperature as highly as
possible
2.7 Supply air/water with low temperature in the
cooling system
2.8 Replace air cooled with water cooled.
2.9 Use high efficient compressor.

@ Increasing efficiency of the 3.1 Replace the small compressor with burned
motor driven compressor as motor or the 5-year compressor with high
highly as possible efficient

3.2 Repair the big compressor for no more than 3
(Nm ; Motor Efficiency) times because when the motor is burned 4%of
efficiency is reduced
3.3 Grease or lubricate regularly
3.4 Replace the expired bearings with the new
ones
3.5 Use high efficient motor.

@ Increasing the transmission 4.1  Adjust the tension of the belt properly R
efficiency from Freon to motor 4.2 Replace the expired belt with the new ones
as highly as possible 4.3 Set up the belt as designed by the

manufacturer
4.4 Use high efficient belt.

(Mt ; Transmission Efficiency)
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Level Guidelines for saving energy Regulations
@ Reducing the operating hours of | 5.1  Use an optimum start.
the air-conditioners 5.2  Use an optimum stop.
5.3 Tum off the air-conditioners when off-work. L
5.4  Turn off the air conditioners during lunch time.
5.5 Reduce the number of air-conditioners when
cooling load is low
@ Reducing the electric power for | 6.1  Use proper number of equipment
the equipment with power of | 6.2 Select the high efficient equipment as a main
auxiliary, such as, water pump, operation
cooling tower, cooled are|6.3 Improve and change to the high efficient
transmission equipment
6.4 Use the equipment at the highly efficient
operating point
@ Reducing the operating hours | 7.1  Tum off the condensed water pump and cooling tower
for the equipment with power of | 7.2  before tumning on the cooled water pump
auxiliary Turn on the AHU/FCU just before the operation
7.3 and turn it off right after the work

Always turn off the AHU/FCU when off-work.

Guidelines for saving energy in the air-conditioning system are as the followings:

(1) Increasing the efficiency of the chiller by increasing pressure at the evaporator side.

(2) Reducing the pressure at the condenser side by cleaning the condenser.

(3) Reducing the pressure at the condenser side by increasing a number of cooling

towers

Using the chiller at the highest efficient point.

Increasing the efficiency of the chiller by increasing the flow rate of cooled water.

Replacing the existing chillers with the efficient chillers.

8) Reducing both external and internal cooling load.

9) Reducing the infiltration into the air-conditioning room.

10) Reducing the air-conditioning areas.

11)  Adjust the temperature and the relative humidity to be higher.
12)  Reducing the cooling load by improving the lighting system.
13)  Turning down the valve to reduce the water flow rate.
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(14)  Selecting the high efficient water pumps as the main operation

(15)  Removing the low efficient water pumps in the air-conditioning system.

(1) An increase of the chiller efficiency by increasing pressure at the evaporator.

For the unitary system, adjust the expansion valve. For the central system, increase the
temperature of the cooled water. Generally, when the machine load is lower than 80% an
increase of 1-3 oF can be obtained. At every increased temperature of 1 OF,

2-4% of KW/TR is reduced.

Cooled water temperature is adjustable in two ways: man adjustment and automatic
adjustment. The automatic adjustment can be performed in various ways:

1. Controlled by the return of cooled water to the machine.

2. Controlled by the external air.

3. Controlled by the temperature at which the area is hottest or most significant.

Figure 2-7.23 reveals that if the cooled water temperature is higher the percentage of COP

is higher, or the kW/TR is reduced. Different compressor yields different result.

15
Percentage Increased in 20 z/
Scrom COETArCSS Or|
Coefficient of Performance |_/
o 15
(Base 40 F) Camtyifugd
10 i | |.-d'
_,-"/_‘ fRﬁdpr.ﬁg
L LA
“‘_,. ..-'_. H: | n
a |1
zzad il
4p° 450 si°

Leaving Chilled Water Temperature OF

Figure 2-7.23 A Change of Cooled Water Temperature Affecting the COP of the Compressor

Equation for calculating

Cooling capacity of cooling tower (TR) = (500 x GPM xAT) / 12,000

Efficiency of chiller (ChP) = kKW/TR

Reduced electric power (Es) = (Before-improving kW/TR — After-
improving kW/TR) x Before-improving

cooling ton  x operating hours x Factors in

operating
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Data Analysis
1. Fill the basic information in part 1.

2. Calculate part 2 about data analysis

Examples

ECON factory uses centrifugal chiller to cool water at the rate of 350 TR. Normally the
temperature of the cooled water is at 45 oF. However, the factory wants to save energy: the
temperature is adjusted into 46 oF at 60% load without any turbulences from the area with air

conditioner. The results of the before- and after-improvement are as the following:

List of adjustment Inlet cooled Outlet cooled Cooled water flow Electric
water water rate power utility
temperature temperature (kW)
CF) CF) (GPM)
Before-adjustment of 51.4 45.0 631 129

the cooled water

temperature — 45 OF

After-adjustment of 52.3 46.2 631 116

the cooled water

temperature — 46 OF

The operating hours are 12 hours/day and 300 days/year. The cooling load is about 80% all year.

The electricity price is 2.95 Baht/unit.

List to be calculated symbol unit data Source of data
1. Basic Information

@ Cost of electricity per unit Ec B/kWh 2.95 Electricity bill
Operating hours per year hr hly 3,600 Real time operating
@ Factors in operating OF - 0.8 Change of cooling load
@ Before-inlet cooled water temperature Toi °F 51.4 Measurement of peak load
@ Before-outlet cooled water temperature Too OF 45.0 Measurement of peak load
@ After-inlet cooled water temperature Ta OF 52.3 Measurement of peak load
@After-outlet cooled water temperature Tno OF 46.2 Measurement of peak load
@Cooled water flow rate FLo GPM 631 Measurement
@ Before electric power EL, kW 129 Measurement
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@ After electric power ELy kW 116 Measurement
2. Data Analysis

@ Before-cooling capacity TRo TR 168.3
TR = ((500 x FLg X (T Too)) / 12,000

@ After- cooling capacity TRy TR 160.4
TR = ((500 x FLg x (Ty— Tyno))/12,000

@ Before-chiller efficiency ChPg kW/TR 0.766
ChPg = ELy /TR

After-chiller efficiency ChPy kW/TR 0.723
ChPy = EL\/TRy

@ Reduced electric power/year Eg kWhly 19,863.94
Es = (ChPy — ChP,) x TRy x hr x OF

Reduced electricity cost Sc Bry 58,598.61
Sc = Eg x E¢

(2) A reduction of pressure at the condenser by cleaning it

The frequency of cleaning the condenser, in fact, varies according to the differences between

the Freon temperature in the condenser and the condenser approach temperature. The differences

should be less than 4-6 oF. As shown in Figure 2-7.24, the kW/TR of the machine is getting higher

when being used overtime; the kW/TR becomes lower when it is cleaned. Therefore, calculating

the energy consumption takes 0.5 of the increased energy consumption after cleaning.

kW /TR

Time

Figure 2-7.24 An Increase of kW/TR

After Being Used Overtime

Equation for calculating

Before-electric power loss by frequency of cleaning

239

kW /TR

/’/

Time

Figure 2-7.25 A Result of After-cleaning

Twice a Year

0.5 x (Before-cleaning kW/TR -
After-cleaning kW/TR) x Existing
cooling ton x Before-operating hours

x Factors in operating
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Electric power saved by adding frequency of cleaning = 1 — 1/( Before-operating hours/ After-
operating hours) x Before-electric

power loss by frequency of cleaning

(3) A reduction of Pressure in the Condenser by increasing cooling towers

An increase of the compressed pressure or the Freon pressure affects the cooling capacity,
thus, the electric power is consumed more. As a result, the kW/TR of the air-conditioner is higher,
in other words, the COP is reduced. To reduce such pressure, control the difference between the
saturated temperature of Freon in the condenser and the outlet water condenser approach
temperature to be no more than 4-6 OF. Besides, improve or add the cooling towers so that the
condenser water approach temperature is as low as possible. The reduction of every 1OF of the
water cooled temperature leads in a reduction of 1-3% of KW/TR. Figure 2-7.26 shows that the
decreasing of condensed Freon temperature causes higher COP. This varies according to the
types of condensers used in different types of motor. For example, the COP of the screw

compressor is 23 % higher when the condensed Freon temperature decreases up to 10 OF.

50 : W

40

N

Screw , compressqr

Ay
Regiprocatin

20 < \\\\\\\

) \:Scwt{{ ‘N\
\L'entrifuga‘l ™
"""‘\___‘_ \
H"""‘--.______‘
5

0 [

Percentincrease in coefficient of performance

—

0°

Figure 2-7.26 The Relation between the Condensed Refrigerant Temperature and the

Coefficient of Performance of Different Compressors

Equation for calculating

(500 x GPM x AT) / 12,000
KW/TR

Cooling capacity of cooling tower (TR)
Efficiency of chiller (ChP)
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Electric power reduced (Esg)

(4) Use of chillers at the highest efficient point

(Before-kW/TR ~ — After-kW/TR ) x

Before-cool ton x Operating hours/year x

Factors in operating

The centrifugal compressor is high efficient with the load of 80-90%. Therefore, the factory must

have current limit up to 90%, thus, the kW/TR is lowered.

Current Limit 100%

Cooling obtained 475 TR
Electric power utility335 kW
kW/TR 0.705 kW/TR

—>

Current Limit 90%

Cooling obtained 450 TR
Electric power utility304 kW
kW/TR 0.676 kW/TR

Figure 2-7.27 A Reduction of kW/TR of Chiller with Lower Current Limit

Working Load of Chiller 60%

291 TR
221 kW

Cooling obtained

Power consumed by chiller
Power consumed by chiller water pump 32 kW
Power consumed by condenser water pump 41
kW

Power consumed by cooling tower 11 kW

Power consumed by AHU 22 kW

Total electric power consumption 327 kW
kW/TR 327/291
= 1.124 KW/TR

Working Load of Chiller 90%

Cooling obtained 450 TR

Power consumption of Chiller 304 kW

Power consumed by chiller water pump 32 kW
Power consumed by condenser water pump 41 kW
Power consumed by cooling tower 11 kW

Power consumed by AHU 22 kW

Total electric power consumption 410 kW
kW/TR 410/450

= 0.911 kKW/TR

Figure 2-7.28 Higher kW/TR with Low Working Load of Chiller

Equation for calculating

Capacity of cooling tower (TR)
Efficiency of chiller (ChP)

Reduced electric power (Es)

241

(500 x GPM x AT) / 12,000

kW/TR

(Before-kW/TR —

After-kW/TR) x Before-cooling ton x
Operating hours/year x Factors in

working
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(5) An increase of chiller efficiency by adding flow rate of cooled water

Generally, coolers are designed with cooled flow rate of 2.4 GPM/TR where the
inlet/outlet cooled water temperature with full load is 10 °F. Certain coolers are designed
with AT of more than 10 C)F, so the cooled flow rate is lower than 2.4 GPM/TR. In contrast,
if the cooler is designed with AT of less than 10 OF the cooled flow rate is higher than 2.4
GPM/TR. Therefore, study the information given by the manufacturer in order to adjust the
highest efficiency in heat exchange. Consequently, the cooling capacity is higher and the
kW/TR is lower. Besides, evaporator approach temperature can inform the uncommon
practice when the difference of the cooler Freon temperature and the cooled water

temperature is about 1.5-200

Cooler
Cold Waterln | - Refrigerantin
ColdwaterOut | | w  Refrigerantout

Figure 2-7.29 Heat Exchange between Refrigerant and Chilled Water

Equation for calculating

Capacity of cooler cooling (TR) = (500 x GPM xAT) / 12,000
Efficiency of chiller (ChP) = kW/TR
Reduced electric power (Es) = (Before-kW/TR —

After-kW/TR) x Before-cool ton x
Operating hours/year x Factors in

working
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(6) Methods of selecting of high efficient chillers
The factory should measure and analyze the efficiency of chillers at least every 6 months so
that the action plan for using the chillers will help saving energy. The basic energy conservation for
using the chillers is to operate higher efficient chillers than the lower efficient ones. Please note

that before adjusting the operation, the chillers must be improved to have complete conditions for

work.
Chiller Group 1 Chiller group 2 Chiller group 1 Chiller group 2
CH-1 CH-2 : CH-1 CH-2
kW/TR = 0.559 kW/TR = 0.633 kW/TR = 0.559 kW/TR = 0.633
Before-operating load Before-operating load new operating load 75% new operating load 25%

Figure 2-7.30 An Increase of Operating Time from 50% to 75% for High Efficient Chiller

Equation for calculating

Cooling capacity of chiller (TR)
Capacity of chiller (ChP)

(500 x GPM x AT) /12,000
kW/TR
(Reduced operating load kW/TR -

Reduced electric power (Eg)
Increased operating load kW/TR ) x Average AT x
Operating hours of the increased operating load

chillers x Factors in working

(7) A Replacement of High Efficient chillers

Equation for calculating

Cooling capacity of chiller (TR) = (500 x GPM x AT)/ 12,000
Efficiency of chiller (ChP) = kW/TR
kW = Electric power consumption of chiller

with 80-90% load, the unit of
measurement is kW

Reduced electric power (Es) = (Before-kW/TR — After-kW/TR ) x
Before- AT x Operating hours x

Factors in working
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Where GPM = Inlet/outlet cooled water flow rate at
the cooler, the unit of measurement
is gallon per minute

AT= Different in temperature between inlet
and outlet cooled water at cooler with
80-90% load, the unit of

measurement is degree Fahrenheit

(8) Reducing out door in air or exhaust air

Suction of exhaust air or out door in air leads in more load for the air-conditioning system.

Figure 2-7.31 A System with Suction Air Fan Figure 2-7.32 A Large System with Suction and

Charging Air Fan
Equation for calculating

Consumed power rate(Qg) (4.5 x CFM x Ah)/12,000

Qe = Consumed power rate, the unit of measurement is
cooling ton
where CFM = Flow rate of cooled exhaust or out door in air, the
unit of measurement is cubic foot per minute
A h = Difference in enthalpy between inside and outside

air, the unit of measurement is BTU per pound.
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(9) Reducing the Outside Air Leakage

Generally, air leak at the window and door frames is about 0.5 0.5 CFM/ft crack. Air leak while

door opened.

;

/

e

e

|
|
S

—a S

— i e

f

Figure 2-7.33 External Heat Emitting into Air-conditioned Room via the Frames of Door and

Equation for

calculating

Consumed power rate (QC)

where QC

CFM

Ah

(10) Reducing air-conditioned areas

Window

(4.5 x CFM x £0)/12,000

Consumed power rate caused by cracks of door and

window, the unit of measurement is cooling ton.

Heat flow emitting into air-conditioned room, the unit

of measurement is cubic foot per minute.

Difference in enthalpy between outside air and inside

air, the unit of measurement is BTU per pound

Reducing air-conditioned areas by using partition results in a reduction of cooling load.

S

air conditionec

o
/s

);____
y

Figure 2-7.34 Unload Area with Heat Emission

/i no air conditioning

[
air conditionec

1%

Figure 2-7.35 A Reduction of Area with

Heat Emission Using partition
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Percentage reduction of air conditioned area (After-area reduction / Before-area reduction) x 100

Reduced electric power by area reduction Percentage area reduction x total cooling ton by
air-conditioners x kW/TR of air-conditioner x
Operating hours per year x Factors in

working

(11) Adjusting Temperature and Relative Humidity in Air-conditioned Rooms
If the factory adjust too low temperature and relative humidity, the cooling load is higher, thus,

the energy consumption is higher.

]
35 °C 2 25°C 35 C
65 %RH 45%RH | 55 %RH | 65 %RH

| oy

Figure 2-7.36 An Adjustment of Temperature and Relative Humidity in a room

Equation for calculating

Careful calculation takes account of each and every cooling load of the year. Practically,
the before- and after-adjustment of power of a day should be measured when the outside and

inside air is not different.

Electric power saved per year (kWh/y) (Power of a day before adjusting —
Power a day after adjusing)

x Operating days x Load factor

Percentage of electric power saved (Power before adjusting —

Power after-adjusting)/Power before-adjusting
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(12)A reduction of cooling load by improving the lighting system

Lighting system in the air-conditioned room is a cooling load.

antad
100 ——

AN s
~ ~
— —
- — . waoAaoolTa s
. O e 277777 IO\

// | \\

Increase of heat enegy3.4 x 36 x 1.25 = 153 Btuh

Increase of heat enegy100 x 3.4 = 340 Btuh

Figure 2-7.37 Incandescent without Ballast Figure 2-7.38 25% Heat generated by Ballast Fluorescent

Equation for calculating

For all types of light bulb with ballast, multiply the size of light bulb (K) with 1.25. This is

because ballast can generate 25% heat.

Heat energy of the before-lighting system improvement per year (Btuh/y)

Electric power by existing light bulb x 1.25 (with ballast) x 3.4 x operating hours/ year
Heat energy of the after-lighting system improvement per year (Btuh/y)

= Electric power by new light bulb x 1.25 (with ballast) x 3.4 x operating hours/ year
Reduced heat energy per year (Btuh/y)
= Heat energy of the before-lighting system improvement per year (Btuh/y) — Heat energy of

the after-lighting system improvement per year (Btuh/y)

Reduced electric power per year (kWhly)
= (Reduced heat energy per year / 12,000) x kW/TR of the air-conditioning system
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(13) Turning down the outlet valve for a decrease of water flow rate
Generally, cooled water flow rate of 2.4 GPM/TR has the cooling ton temperature at 10 OF
and the condensed water flow rate is 3.0 GPM/TR. If the flow rate is much higher or lower than the

rated flow rate the efficiency of heat exchange is affected: the kW/TR is higher.

ekl ::> W Il
42,1 KW sBlially

dasms lna ganms na
1171 GPM 860 GPM
Figure 2-7.39 Electric power of 42.1 kW Figure 2-7.40 Electric power of 33.0 kW
before turning down the valve after turning down the valve

Equation for calculating

Reduced electric power Existing electric power consumed by pump — New electric

power consumed by pump

Reduced electrical energy Reduced electric power x operating hours
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(14) Methods of selection of high efficient water pumps

Higher efficient pumps can save higher energy consumption

O 06 6 = O O O

I 1
)

via37u
- | - |
= | o |
Figure 2-7.42 First-water-in and First-water-out pump Figure 2-7.43 First-water-in and Last-water-out pump
connection gives different efficiency. connection give no different efficiency
| 7 7 7
- | < yaN
Figure 2-7.44 T-shaped pump connection reduces 10- Figure 2-7.45 Y-shaped connection increases

20%of water flow rate water flow rate

¥
— -

Figure 2-7.46 Pipes in combination causing water Figure 2-7.47 Suction pipes in combination causes the furthest

resistance reduces efficiency pumps having reduced flow rate. If the header is big, the flow rate

Equation foe calculating

Index of energy consumption of pump = Water flow rate/ Electric power consumed
Percentage of index of higher energy consumption = (1 — (Index of low energy consumption of
pump / Index of high energy consumption of

pump )) x 100
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Electric power consumed by pumps with index of

Reduced electric power
low energy consumption x (Percentage of index of

higher energy consumption/ 100) x additional
operating hours of the pumps with index of high

energy consumption.

(15) A change of low efficient water pumps in the air-conditioning system
That the motors have burnt very often or that the age of the pumps is expired, the factory should

replace them with high efficient pumps.

Flow rate at 2,058 GPM Flow rate at 2,150 GPM

Existing pump |::> New pump

! I

Electric power 42 kW Electric power 31 kW

Index of actual electric power consumed = 49 Index of new electric power consumed = 69.35 GPM/kW

Equation for calculating

Percentage of index of higher energy consumption = (1 —(Index of actual electric power consumed/

Index of new electric power consumed)) x 100

Reduced electric power = actual electric power consumed X (

percentage of index of higher energy consumption) /

100 x operating hours per year
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2-7.6 Guidelines for Inspection, diagnosis and Maintenance Chillers and the Equipments of

the System

(0) A Diagnosis of Chillers and the Equipment in the System for Saving Energy

Guidelines for Inspection

List to be inspected

Results of inspection

Guideline for diagnosis

0. Chiller
1.1 Difference in temperature
between the outlet cooled water

and Freon in full load cooler

1.2 Difference in temperature
between condensed water and

Freon in full load condenser

1.3 Cooled water flow rate

1.4 Condensed water flow rate

1.5 Adjusting the cooled water

temperature as high as possible

Higher than 4 °F

Lower than 4 oF

Higher than 6 °F

Lower than 6 OF

Q Higher than 2.4
GPM/TR
Q Lower than 2.4 GPM/TR

Higher than3.0 GPM/TR
Lower than 3.0 GPM/TR

O

Adjustable

O

Not adjustable

0.0

0.0

0.0

0.0

0.0

Over 4 oF difference in temperature

show low efficiency in heat
exchange. This may be caused by
sewage in the cooler, insufficient
refrigerant, uncommon pressure in
the equipment.

over 6 C°F difference in
temperature show low efficiency in
heat This

exchange. may be

caused by sewage in the
condenser, overflow rate of water,
too much Freon or uncommon
pressure in the equipment.

If the flow rate of water is lower or
higher than 2.4 GMP/TR at the
temperature  of cooling tone
equal10 °F the efficiency of heat
exchange is low, consequently, the
kW/TR is higher.

If the flow rate of condensed
water is lower or higher than 3.0
GMP/TR at the temperature of
cooling tone equal 10 oF the
efficiency of heat exchange is low,
consequently, the kW/TR is higher.
An adjustment of the cooled water
temperature to be higher when the
cooling load is below 80% leads in
2-4% energy saving at every 1OF

the temperature is increased.
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Guidelines for Inspection

Guideline for diagnosis

List to be inspected

Results of inspection

0.0 Load of the centrifugal

compressor

0.0 Load of the chiller

0.0 Able to select the main chiller

by its high efficiency

0.0 Cleaning condensers

1.10 Cooled water passing out to

the circuit of the unused chiller.

1.11 Difference in Freon between
high pressure and low

pressure in each machine.

a  over 90%
Q under 80%

O over 80%
QO under 80%

QO Yes

Q  Alternatively use

them
Every.............. months
Yes
No
Q  Different
O Not different

1.6 The highest efficiency of the
centrifugal compressor is at the load of
80-90%.

1.7 Low load chiller leads in higher kW/TR
because the equipment of the system
does not reduce the electric power utility.
1.8 Use the main chiller with high

efficiency more often.

1.9 Clean the condensers at least every 6
months or when the temperature of Freon
is higher than the compressed water
discharged at the load temperature higher
than 4-6 °F.

1.10 Do not allow short circuit to occur
for it can affect the temperature and
humidity in the conditioned area.

1.11 The machines with highly different
pressure are of low efficiency. Therefore,

inspect them and use them less.
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0. Cooled water pump and
condensed water pump

2.1 Burned motors

2.2 Maintained pumps

2.3 Turning down the water valves

2.3 A series of motor consumes

equal electric power.

2.5 A junction of the pipe

connection

1.3 Operating many series water

pumps simultaneously

1.3 Using the highest GPM/kW

pump as the main pump

2.8 Regularly recording the current

or the electric power utility

0O 0O 0O O

0O O

Yes

No

Yes

No

Yes

No

Equal

Not equal

T-shaped
Y-shaped
Many series

One series

Yes

Alternatively use
them

Record

Not record.

2.1 Efficiency of rewound motors is
lessened. Every rewinding of motor, 4% of
efficiency is reduced. Therefore, use
burned motor less.

2.2 The pumps have just been maintained
have higher efficiency. Therefore, use
more.

2.3 Replace the method of turning down
the valves with the use of inverter of
trimming the blade or decreasing the size
of the pump.

1.3 Use the highly consumed motor less.

Inspect and correct them.

1.3 Correct the T-shaped into Y-shaped

so that the flow rate is higher.

26 Find GPM/KW of each group of

Parallel connected pumps before
operating them simultaneously. Use the
one with highest GPM/kW as the main
pump

2.7 Use more with the highest GPM/kW

pump because it is the efficient pump

2.8 Uncommon electric power utility or
uncommon current tells an unordinary

occurrence in the pump.
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0. Cooling tower
2.0 Rated CT compared with rated

chiller

3.2 Types of cooling tower

3.3 Water level in the tray of

square cooling tower.

3.4 Strainers of the tray are

clogged

3.5 Rotating speed of sprinkler

0O D

more than 10-20%
more than 20-30%

square

circular

below 1/3 of the height
of the tray
abovel/3 of the height of
the tray

Partly clogged

Not clogged

below standard
above standard

3.1 Rated CT should be higher than rated
Chiller for 20-30% so that cooling is

effective.

3.2 Square cooling tower is 2OF higher than

the circular one.

3.3 The water level should be above 1/3
of the height of the tray so that the flow

rate is proper.

3.4 Strainers should not be clogged so

that the water expansion is effective

3.5 The over standard of rotating speed
shows that too much water reduced the
efficiency of heat exchange between air
and water. The under standard of rotating
speed is caused by insufficient water or

the wear of the sprinkler head.
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Guidelines for Inspection

Guideline for diagnosis

List to be inspected

Results of inspection

2.5 Difference in temperature
between water and wet bulb of

condensed air

3.7 Top outlet air contains drops of

water

3.8 The water splashing from the

side

3.9 Each series uses different

electric power

Higherthan 4 F

Lower than 4 OF

Yes

No

Yes

No

Not different
Different

3.6 Over 4 F difference between water
and wet bulb of condensed air shows
excessive flow of water, insufficient air,
clogged strainers at the sprinkler pipe,

leakage sprinkler head, or clogged filling.

3.7 Drops of water may be caused by that
the air speed is too high or that the
sprinkler pipe contains no block plate or

too much water.

3.8 Water splashing may be caused by
too much falling water or no louver

provided.

3.9 The series that uses smallest amount

of power should be used more.

3.10 The hot and humid exhaust
air is pushed back into CT.

3.11 The water flows through CT

without turning on the fan.

3.12 Filling plate is dirty and fallen

down. &NUINLAZRY niold

3.13 Measuring the water

temperature at each cooling tower.

3.14 Recording the amount of
water of the cooling tower

everyday.

Yes

No

Yes

No

Good condition

Dirty and fell down

Never

Always

Record

Not record

2.9 . hat the hot and humid exhaust air is
pushed back into CT reduces the
efficiency of CT. The correction is to

heighten the hood.

3.11The flow of water through CT without
the fan to blow causes high water

temperature. Thus, the kW/TR is higher.

3.12 he filling should be cleaned regularly
and changed when expired. Always check
the position so that the heat exchange is
efficient, thus, the water temperature is
reduced.

3.13 Cooling tower with low water
temperature is very efficient, thus, use
more cooling towers.

3.14 Too much or too little use of water in
the cooling tower signifies the unordinary

occurrence in the cooling tower.
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Guidelines for Inspection

Guideline for diagnosis

List to be inspected

Results of inspection

4. Air handling unit (AHU)and
Fan coil unit (FCU)
4.4 Use 2-way valve or 3-way
valve to control the amount of

water

4.4 Air filters are clogged.

4.4 The flow rate of cooled water

follows the rated flow rated

0o O

0O O

0O 0O O

2-way valve

3-way valve

clogged
Not clogged

As rated
Lower

Higher

4.3

4.3

43

The 2-way valve brings about energy
saving at cooled water pump; cooling
load is lowered, thus, use bypass or

inverter.

Clogged are filter reduces the amount
of cool air. Thus, the efficiency of
AHU is reduced and air distribution

may be a problem.

Cooled water flow rate affects heat

exchange. The coil is also affected. The

flow rate may be low and the cooling ton

is reduced. Generally, the flow rate is 2.4

GPM/TR, AT is 10 °F and it is full

loaded.
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4.4 Difference in temperature
between the exhaust air and
water discharged from cooling

coil.

4.4 None or a little humidity is

condensed by the coil. @

0O O

O O

Much different
Slightly different

Little humidity
None humidity

53

53

Much different temperature reveals
the efficiency of heat exchange, low
heat due to sewage, dirty vane inside
the pipe, too fast air speed, too much

air, too humid inlet air.

None or little humidity is obtained.
The causes may be that: the coll
temperature does not reach the dew
point; the temperature at the end
surface of the coil is too high; the
cooled water temperature is too high;
the pipe contains sewage; or the
amount of cooled water is lower than

the cooling load (too fast air speed).
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Guidelines for Inspection

Guidelines for diagnosis

List to be inspected

Results of inspection

44

4.4

4.4

Cleaning coils.

Temperature controller works

regularly.

The temperature and relative
humidity at the area of work

fits the requirement.

4.9Recording the inlet and
outlet cooled water
temperature from AHU

regularly.

Q Regularly
Q Not regularly
Q Regularly
Q Broken
Yes
No
Q Record

O Not record

5.3 Dity coils result in low efficient in heat
exchange between water and air, and low
volume of cool. Also, outlet air
temperature from the coil is higher
than the cleaned coils.

4.7 Malfunction temperature controller

results in: unbalanced volume of cooled

water and cooling load; the temperature at
the area of work is not constant. Also,

check the location of the controller.

5.3 Air distribution as well as the air
speed are significant that all area
boundary will have similar
temperature, with no more than

2 °F different. The outlet air from
the coil should have low temperature but
high humidity. Generally, the temperature
of 60 °F wil have 80% relative humidity.

4.8 Difference in temperature shows

unordinary occurrence.
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4.4

4.4

4.4

Others
Cooling pipe insulator is in
good condition with no water

condensation at the surface.

The exhaust air and the out
door in air is sucked out too

much.

CT is used more highly than

the amount of CH.

CT refilling water is adjusted

properly.

O Good condition

Q  Poor condition

No

Yes

Equal used

More CT than CH

a  Adjust
Q Not adjust

5.1 Wear of insulator may be in form of
broken or water filled insulator. As a
result, cool is lost and the pipe is rusty.
Therefore, the insulator should not directly
contact with UV light because it reduce
the insulator life. If the insulator is in

outdoor, use jacket to protect it.

5.2 Reduce the amount of air suction,

thus, the cooling load is reduced.

5.3 The design generally balance CH ,
CDP,

CHP, CT. Practically, CT should be
more than CH so that the condensed

water entering the condenser is lowered.

6.3 Condensing system generally causes
sewage at the surface of the heat
exchange area. Thus, the kW/TR is

Therefore,

higher. well-adjust  the

water condition at the cooling tower.
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(2) Maintenance of Split Type Air-conditioner and Water Cooled Package for Saving

Energy.
List to be performed Time

Cleaning of the following:
- Air Filter Every month
- Condensing Coil
- Cooling Caoll Every 6 months
Performing the following: Every 6 months
- Monitor thermostat operation in order to control the temperature Every 6 months

properly.

- Monitor the condition, paint, the amount of Freon in the system.

- Monitor the Freon pipe and condition of the insulator.

Measure and record variables for analyzing the efficiency of the

machine. Every 6 months

- Current, pressure and electric power of the electricity.

- Pressure and/or temperature of Freon

- Temperature and relative humidity of the cool air
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(3) Maintenance of chillers and equipment of the system for saving energy

List to be performed Duration
3. Chillers
3.0 Test the operation of the following devices: Everyday
- Thermometer
- Pressure gauge
- Flow measuring tool
- Expansion valve
3.0 Clean the heat exchange equipment at the condenser. Every 6 months
3.0 Monitor the condition, paint and the amount of Freon and lubricating Everyday
oil
3.0 Change When expired
- Refrigerant dryer
- Lubricating oil
- Filter
3.0 Measure and record the below variables so that the efficiency of the Every day
machine is analyzed.
- Current, pressure and electric power of the electricity.
- Pressure and temperature of Freon.
- Temperature and pressure of cooled water, cooling water
- Flow rate of cooled water and , cooling water
3. Cooled water pump and cooling pump
3.0 Measure the operation of the following devices: Everyday
- Pressure gauge
- Expansion valve
- Automatic Air Vent
3.0 Clean strainer Every six months
3.0 Measure and record the following variables: Every day
- Current and pressure of electricity
- Pressure of cooled water and cooling water
3.0 Measure the heat of motor Every month
3. Cooling tower
3.0 Clean the following equipments.
- PVC Filling Every 3 months
- Water tray

- water distribution
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Maintenance of Chillers for Saving energy

List to be performed Duration
3.0 Measure the operation of the following: Everyday
- Floating valve
- Water and fan distribution
- Butterfly Valves
3.0 Monitor and adjust the tension of the belt (if any) or poer gear box (if any) Every month
3. Cooled air distributor
3.0 Clean the following equipment Every month
- Air Filter Evey 6 months
- Cooling Caoll
3.0 Test the operation of the following devices: Everyday
- Thermometer
- Fan

3.0

3.0

3.0
3.0
3.0

- Pressure gauge
- Thermostat
- Actuated Valve

Measure and record the following variables:

- Temperature and relative humidity of the supply air and return

air

- Current and pressure of electricity

Measure and record the temperature of inlet and outlet cooled water

and measure and repair the cooled water pipe and cooled air pipe.

Condenser: air cooled water chiller

Measure and clean the coil and vane

Monitor and maintain good condition of condenser fan .
Monitor the operation of condenser fan: check the amount of
operating fans which are equal in number to the operating

compressors and relates to the

Every 6 months

Every month

Every 3 month
Everyday
Everyday
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2-8
2-8.1

2-8.2

2-8.3

2-8.4

2-8.5

Refrigeration

Principles of Refrigeration

1) Uses of refrigeration

2) Standards for Freezing the Industry

(1)

(2)

(3) A Pressure-Enthalpy Diagram of Refrigerant

(4) Uses of the Psychometric Diagram for the Refrigeration
®)

5) Operating the Psychometric Diagram

Types of Refrigeration in Industry
(1) Equipment of Refrigeration

(2) Types of Refrigeration and Freezing System in the Industry
(3) Finding Coefficient of Performance (COP)

(4) Types of Defrosting System in the Industry

A Proper Selection of Refrigeration

(1) Selecting a Proper Refrigeration for a Proper Industry
(2) Selecting Proper Refrigerant

(3) Load of Refrigeration

Energy Conservation in the Refrigeration
1
2

Operating the machine properly

Reducing the pressure of refrigerant at condenser

(1)
(2)
(3) Increasing the pressure of refrigerant at evaporator
(4) Selecting a proper defrosting system

®)

5

Reducing unusable or amenable cooling load

Inspection and Maintenance of Refrigeration system for saving Energy
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2-8 Refrigeration

2-8.1 Principles of Refrigeration

(1) Uses of refrigeration

Food industry needs refrigeration to preserve food quality, reserve food. The refrigeration is
applied with the entire production process to product transmission into clients and customers. The
refrigeration freezes the products and makes ice which is used in food industries.

Cooling refers to a process in which the temperature in the target area is decreased, or is
controlled as low as required. The principle is that the heat of the area or thing needed to be
cooled is sucked into evaporator. Then the heat is carried by a medium or the chemical elements

and is condensed by high temperature equipment, called the condenser.

Evaporator Condenser

-

Expansion Valve

Refrigerant Reciever i — |'_1

Figure 2.8.1 A Basic Cycle of Cooling: Indirect Contact

Frozen food industries or other industries use the refrigeration in which the refrigerant
directly contacts with the products. Popular refrigerant in direct contact system is liquid nitrogen
and liquid carbon-dioxide called cryogenic refrigeration. The direct contact system is more costly

than the evaporating system.
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(2) Standards for Freezing in the Industry

Figure 2.8.2 Basic Principle of Direct Contact Cooling

Table 2-8.1 Specific Heat Capacity and Latent Heat of Fruit, Vegetable, Meat and Food

Freezing Point

0

Specific Heat Capacity BTU/Ib/ °F

Latent Heat

Food Products (F) Above Freezing Below Melting
Point Freezing Point

Water 32 1.0 0.5 114
Fruits

Apples 284 0.86 0.45 121
Apricots 281 0.88 0.46 122
Bananas 28 0.80 0.42 108
Blackberries 28.9 0.88 0.46 122
Blueberries 28.6 0.86 0.45 118
Cantaloupes 29 0.94 0.48 132
Cherries 26 0.87 0.45 120
Cranberries 27.3 0.90 0.46 124
Dates(dry) -4.1 0.36 0.26 29
Dates(fresh) 27.1 0.82 0.43 112
Grapefruit 28.4 0.91 0.46 126
Grapes 26.3 0.86 0.44 116
Lemons 281 0.92 0.46 127
Limes 29 0.89 0.46 122
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(3) A Pressure-Enthalpy Diagram of Refrigerant

A pressure-enthalpy diagram is a diagram showing the conditions and characteristics of
refrigerants at different points of the refrigeration. The diagram can analyze the refrigeration more

easily.
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Figure 2-8.3 A Pressure-Enthalpy Diagram of refrigerant

(4) Uses of the Psychometric Diagram for the Refrigeration

As mentioned in the uses of the psychometric diagram for the air-conditioning system,

there are 8 processes in air-conditioning system.

(5) Operating the Psychometric Diagram

See the operating the psychometric diagram in 2-7.1.

2-8.2 Refrigeration in the Industry
(1) Equipment of the refrigeration
1. Compressor
Compressor creates pressure in the refrigeration. It compresses the vapor refrigerant and
pushes the vapor to flow to the other equipment of the system. There are various kinds of
compressor used in the refrigeration:
- Reciprocating compressor

- Rotary compressor
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- Centrifugal compressor

a) Reciprocating b) Rotary Screw c) Centrifugal
Figure 2-8.4 Various Kinds of Compressor
2. Condenser
Condenser is equipment that cools the refrigerant after it is compressed by the
compressor. There are many kinds of condenser of the refrigeration.
- Air cooled condenser
- Water cooled condenser

- Evaporative condenser

a) Air cooled condenser b) Water cooled condenser c) Evaporator Condenser

Figure 2-8.5 Various Kinds of Condenser

3. Receiver Tank

Receiver tank keeps, stores, and sorts out the refrigerant in forms of vapor and liquid.

4. Expansion Valve
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Expansion Valve refers to a valve that controls the flow of the refrigerant.

5. Evaporator

Evaporator exchanges the heat between the objects and the refrigerant

Figure 2-8.6 Evaporators

(2) Types of Refrigeration and Freezing System in Industries

Cool Room

Frozen Room

- Temperature distribution and air ventilation is thorough in the room.

- Humidity is controlled as defined.

- Movement of the cool air does not interrupt people working.

- The air is ventilated properly.

- The product temperature is known before being kept in the cool room.

- The duration of freezing of the products is known.

- The temperature of the product is known when discharged.

The process of cooling the product indicates the type of evaporating machine, namely,
evaporator, and the refrigerant delivery system to the evaporator can be divided in to various

systems:
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Figure 2-8.8
The Flooded Coil System

Figure 2-8.8 The Pump Recirculation System

The above mentioned systems can be applied to the cooling of raw materials that needed

to decrease the temperature. There are various ways of decreasing the temperature.
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> Sharp Freezer Sharp freezer freezes the material for about 8-10 hours. Much time

is spent to arrange the material onto the coils. This method is proper with a huge number

of variable shape products

Figure 2-8.9 Sharp Freezers

> Contact Freezer The contact freezer can be separated into plate freezer and block

freezer. The contact freezer can transfer heat better than the sharp freezer does. The

drawback of this freezer is the way the products are restricted in shape and size. The time

spent to freeze the products is up to 4 hours.

Figure 2-8.10 Contact Freezer

> Air Blast Freezer Air blast freezer system reduces the temperature by blowing the

raw products with cool air. Some regulations are defined for the use of the air blast

freezer:

-The air speed blowing the raw products must be more than 3 meter per second.

-The coefficient heat transfer at the surface of the raw products is approximately 38

Wim’ = K
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- The volume of air is 1-3 liters per second-Kg. of the raw products.

The air blast freezer can be characterized as follows:

Tunnel Freezer

The raw products are arranged on the trays or the trolleys. Space between the
products should be wide enough to let the air blows. The time for the freezing is

approximately 4-6 hours.

i iz
- - 1 e
£
>

EEEE

Figure 2-8.11 Air Blast Freezer: Tunnel Freezer

Belt Freezer As shown in Figure 2-8.12 this method is proper for the raw products
that need to be frozen separately, namely IQF or individual quick freezing. The raw products

needs up to 30 minutes to freeze.

Air Flow

Figure 2-8.12 Air Blast Freezer: Belt Freezer

Fluidized Bed Freezer This method is similar to the Belt Freezer, excepted that the

belt always shakes. Thus, the raw products are not constantly attached to the belt.
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> Cryogenic Freezer

The popular refrigerants used in cryogenic freezer are liquid nitrogen with the melting point
of -196 OC, and carbon-dioxide with the melting point of -78 °C. While freezing, the liquid

refrigerant is sprayed so that it can contact the raw products; thus, the surface of the

product is frozen very quickly.

Figure 2-8.13 Cryogenic Freezer

Table 2-8.2 The Coefficient Heat Transfer in Freezers

Types of freezers Coefficient Heat Transfer
(W/m’K)
Contact Freezer 100-1,000
Tunnel Freezer 15-50
Belt Freezer (Spiral Freezer) 35-40
Evaporating Liquid / Solid Freezer 140-280

Table 2-8.2 Proper Features of Products and Types of Freezer
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Types of Freezer

Name

Product Features

1.Contact Freezer

Block

Wet product

Pre-packaged product

Cheap product

Not thick products

Average numbers of products

Raw products, such as, fish, squid, prawn,

surumi

2.Air Blast Freezer

2.1 Tunnel

IQF

Raw thin light products
Pre-Packaged products

Small number of products
Raw products, such as, fish, squid, prawn, and

other value-added products

2.2 Belt

IQF

Small thin raw products
Small numbers of products
Raw products, such as, fish, squid and prawn

Value-added products

2.3 Fluidization

IQF

Small light raw products
High numbers of products and the price of the
machine is higher than the tunnel and belt

freezers.

3.Cryogenic

IQF

Expensive products

High dehydration products

Pre-packaged products

High number of products

Raw products, such as, prawn and expensive

products
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(3) Finding Coefficient of Performance
Coefficient of Performance refers to the cooling capacity (Q) comparing to the compressor
driven power (W) which are found by the pressure-enthalpy diagram (P-H diagram) for refrigerant.
To find the COP value, we need information relating to:
1. Type of refrigerant
2. Discharged Pressure
3. Suction Pressure
4. Electric power supply to the compressor
Plot the values of the pressure on the P-H diagram for the refrigerant and find out other values as
the following:
Stage 1: Draw FE line and AC line on the P-H diagram.
Stage 2: Draw F line vertically following the constant temperature line until the F line meets the
AC line. The B cut-point has gained.
Stage 3: Draw C line vertically to the entropy line (S) until it meets the FE line. The D point has

gained.

mwmj};”nymf
F/-/_v‘z . ADUIAULYDT |
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Figure 2-8.15 The equipments and different point at the pressure-enthalpy Diagram

An Analysis of Refrigeration Using the Pressure-enthalpy Diagram

To find enthalpy value (h) which is a heat value for each equipment of the system,

calculation can be done as follows:

he — hg = The cool gained at the evaporator for 1 kg. of refrigerant

hp — he = Electric power supplied at the compressor for 1 kg of
refrigerant.

hp - hg = Heat driven by condenser for 1 kg of refrigerant
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and COP = hc - hg = Cool obtained (Q) (2-8.1)
hp - he Electric power supplied (W)
o]

= m (hc - hg) (2-8.2)
o]
m (hp - he)
o]
where m = Flow rate of refrigerant kg / sec

Practical Considerations

1. According to the P-H diagram, ABF indicates the vapor caused by the expansion of refrigerant
when it is pushed via the refrigerant controller. If the F point is in a sub-cooled liquid, adding
more cool to the evaporator is possible. Thus, the COP value is higher.

2. If the FED pressure can be reduced, the electric power consumption of compressor is
decreased.

3. The C point is in a state of saturated vapor and it is situated at the end of evaporator. It is
possible that some liquid is left at C. If the compressor compresses such vapor, the
compressor will be damaged. Therefore, the C point must be in the state of superheated vapor.

4. As required in 1 and 3, use heat exchanger to make a relative state of sub-cooled and

superheated.

Find the values of hc, hg and hg by using the Table of characteristics of refrigerant at the state of
liquid and saturated vapor. The hp can be discovered using the table or graph of superheated
vapor.

- For he, use the table of refrigerant to find pressure at the low side and use hy because the
refrigerant is at state of saturated vapor.

- For hg, use the table of refrigerant to find the pressure at the high side and use h; because the
refrigerant is at the state of saturated liquid and hg = hg because it is a process of reducing
pressure with constant value of enthalpy.

= For hp, use the table or the diagram of superheated vapor for refrigerant. Use the C enthalpy
point equal to D at the enthalpy point. Find out the pressure value at the high side, and then
the hp is discovered. In case of using graph, find out C point and then draw the C enthalpy
until the cut-off point is made with the FE line of the pressure at the high side. The D point is

discovered, thus, the hp.
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Table 2-8.4 Design and Uses of the Refrig

eration for Saving Energy

Designer

Operator (use and maintenance)

1) Design the machines with temperature
the cooling as

With such

enabling highly as

possible. temperature, the

operation is also efficient.

2) Increase the capacity of heat transfer
at the evaporator by:

- increase the area for heat transfer.

- add the coefficient heat transfer

- increase the cooling temperature.

3) Increase the capacity of condenser:
- increase the area for heat transfer
- increase the coefficient heat transfer

- use low temperature coolant at the

1) Adjust the temperature as cool as

possible. The set temperature does not
damage the machine. The machine can be

operated well under such temperature.

2) Sustain the capacity of heat transfer at
the evaporator by:

- Always clean it.

- re-arrange the fin if it falls down

- prevent air leak or short circuit

- refill the lubricating oil accumulating in the

evaporator.

3) Maintain high efficient condenser by:
-clean the condenser regularly
- re-arrange the fin if it falls down ( for the

air cooled)

condenser -prevent air leak or short circuit
- maintain the cooling tower to enable the
cooling efficiently.
Designer Operator(use and maintenance)
4) Reduce the resistance of the | 4) Measure the amount of refrigerant in the

refrigerant in the evaporator and the low

pressure pipe.

5) Reduce the resistance of the flow of
refrigerant in condenser and the high

pressure pipe.

6) Define proper amount of refrigerant in

the system.

system.

5) Extract the air bleed.
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(4) Defrosting System in the Industry
1. Water defrosting
2. Heater defrosting

3. Hot gas defrosting

HOT GAS

LIQUID

SUCTION

Figure 2-8.14 Hot Gas Defrosting.
The most significant parameter in the defrosting system is time. If too much time is spent,

more load is given to the cool room; if too little time is used, ice cannot all melt.

2-8.3 A Proper Selection of Cooling System
(1) Selecting a proper refrigeration for a proper industry.

Table 2-8.5 Uses of refrigeration and characteristics of industry

Refrigeration Characteristics / Uses of Industry

Direct Expansion - refrigeration with average number of products to be cooled
= mostly found in individual unit
- applications: small cool room, displayed refrigerators in

department stores

Flooded Coll - refrigeration with high cooling temperature
- central cooling with small range of temperature

- Applications: ice-making industry

Pump Recirculation - refrigeration with high cooling temperature

- Central cooling with wide range of temperature, such as, 0, -
18,-30 °C

- Used with system containing series of evaporator.

- Applications: frozen food industries, cool rooms, freezing

products
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(2) A proper selection of refrigerant
- non-poisonous,
- no harmful effects on aspiratory system and human skin
- not flammable
- no corrosion
- not too high pressure
- When leaking, easy to notice or measure.
- In a state of gas, steady stated
- In a state of liquid, easy to flow

- High latent heat per unit of refrigerant

Table 2-8.6 Refrigerants: Types, Characteristics, and Effects towards the Environment

No. of Chemical Name Chemical obP'  GWP’

refrigerant Formula

R-11 Trichloromonofluoromethane CCI5F 1.0 1.0

R-12 Dichlorodifluoromethane CCI,F,

R-22 Monochlorodifluoromethane CHCIF, 0.05 0.34
R-134a 0 0.34
R-290 Propane CH;CH,CH, 0 0
R-500 Azeotropic Mixture Refrigerant  CCI,F,/CH;CHF,

R-12/R-152a 78.3/26.2 wt%
R-502 Azeotropic Mixture Refrigerant CHCIF,/CCIF,CF5
R-22/R-115 48.8/51.2 wt%
R-717 Ammonia NH, 0 0
RUIULIAR 1 ODP: Ozone Deplession Potential compared to R-11, where ODP of R-11 equal
to 1

2 GWP : Global Warming Potential compared to R-11, where GWP of R-11 equal

to 1
Selection of refrigerant is subject to the type and model of the compressor. Currently, CFCs
and HCFCs - types of refrigerants — have been eliminated and revoked by international
agreement. The cancellation of using CFCs has been enforced since January 1St, 1996. The use of
HCFCs will be abandoned in 2030. During the elimination and abandonment of HCFCs, such as,
R-22, an attempt to find out a new refrigerant to replace HCFCs has been successful. That is, R-

123 is for R-11; R-143a for R-12; and R-407c for R-22.
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(3) Load of Refrigeration

Load of Refrigeration refers to the volume of heat that the cooling machine must take out

of the target area or products, including:

Heat emission via the wall that carries through the heat insulation.
Heat radiation via directly through transparent wall
External heat escapes into the area through opened space

External products that contain high temperature being carried into the cooling

area.

Heat from human or equipment in the cooling area such as light, motor.

To caculate for the load of refrigeration, various factors must be taken into account. The

designers can study from various sources available, such as, texts.

2-8.4 Energy Conservation in the Refrigeration

Electric Power
Consumption of
Refrigeration
(kwh)

’
e Cooling Load N )
(kW)
@ Operating
Time
=< X (hr) ’
C.O.P. of X Motor X Trans
System Eff Eff
@ & @
/
o~ )
Power of Operating
+ Auxilary Time

(kW)@ X (hr) @

Pump , Cooling fan , FCU

Factors affecting electrical power consumption of refrigeration are as the following:

Guidelines for energy conservation of refrigeration include:

1
2

Operating the machine properly

Reducing the pressure of refrigerant at condenser

4) Selecting a proper defrosting

5

(1)
(2)
(3) Increasing the pressure of refrigerant at evaporator
(4)
®)

Reducing unusable or amenable cooling load
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(1) Operating the machine properly for saving energy

A majority of industry installs many refrigerators which are used alternatively or
simultaneously during peak load. The efficiency of each machine is, therefore, ignored. In fact, the
factory should measure and analyze the efficiency of the refrigerator at least every 2 months so
that the action plan for machine operation would be designed properly, thus, the energy saving is
effective.

Equation for calculating

Use equation (2-8.1) COP = (h¢ = hg) / (hp = he)

Data Analysis
1. Fill in the information in part 1.
2. Calculate part 2 relating to data analysis
Example
ECON factory installs the refrigeration using 2 450 kW-compressor driven motors.
Generally, the motors are used alternatively with equal operating hours. After improvement of both
motors, the factory measures and analyze their efficiency so that the motor operation can be done
effectively for the purpose of saving energy. Therefore, the motor with higher COP is selected to

operate mainly: from 50% to 75% of operation. The result of measurement is shown below:

List to be measured Refrigerant High Refrigerant Low Electric Power in Use
Pressure Pressure (kW)
(Barg) (Barg)
Refrigeration no. 1 15.5 2.0 400
Refrigeration no.2 14.0 2.0 360

The operating time is 24 hours per day, 350 days per year. Within a year the cooling load
is related to the inconstantly use of cooling area. The cooling load is approximately 80%. The

electricity price is 3.00 Baht per unit.

280


k.tamura
2-8-18

k.tamura
280


List to be calcalated Symbo| Unit Volume Source of data
1. Basic Information
@ Electric power in the system when operating the low efficient 1 We | KW 400 measurement
Electric power in the system when operating the high efficier 2 Wey | kKW 360 measurement
@ Refrigerant used R-717
@ Enthalpy before performing low efficeint compressor with pressure 0 3.0 Bar| h, kJ/kg 1,751 Features of refrigerant
@ Enthalpy after performing low efficient compressor with pressure of 16.5 Bar| h, | kJ/kg 2,005 Features of refrigerant
CF) Enthalpy before performing low efficient evaporator with pressure of 16.5 Bar| h, | kJ/kg 696 Features of refrigerant
@ Enthalpy before performing high efficient compressor with pressure « 3.0 Bar| h, | kJ/kg 1,751 Features of refrigerant
@ Enthalpy after performing high efficient compressor with pressure of 15.0 Bar| h,, | kJ/kg 1,989 Features of refrigerant
@ Enthalpy before performing high efficient evaporator with pressure o 15.0 Bar| h,, | kJ/kg 682 Features of refrigerant
@ Load factors change yearly LF % 80 Enquiries
® Operating hours per year hg hly 8,400 Enquiries
@ Before-operating hours of low efficient compressor hio hly 4,200 Enquiries
@ Before-operating hours of high efficient compressor hyo hly 4,200 Enquiries
@ After-operating hours of low efficient compressor hin hly 2,100 Enquiries
@ After-operating hours of high eficient compressor hoy hly 6,300 Enquiries
@ Electric power per unit Ce |B/kwh 3.00 Electricity Bills
2. Data Analysig
@ Total COP when operating low efficient set No.
COP_ = (h,-h,)/ (h, - hy) COP_ 4.15
@ Total flow rate of refrigerant
m = (COP_x W¢, )/ (h; - h,) m ka/s 1.57
@ Total COP when operating high efficient set No.
COPy, = (hyy - hgy) /(hyy - hyy) COP, 4.49
Percentage of increased COP
%COP = ((COP,, - COP) / COP) x 100 %COP| % 8.19
@ Reduced electric power
Wg = W¢ - Wey Wy kW 40.00
Electric power utility before improvement per year
Eo = (Wg x hyg) + (Wgy, X hyg) X LF/100 Eo |kWhly[ 2,553,600
@ Electric power utility after improvement per year
Ey = (Wg x hyy) + (Wg, x hyy) x LF/100 Ey |kWhly[ 2,486,400
Total electric power reduced
Eq=(Eo - Ey) Eg |kWhly 67,200
Total electricity price reduced
Cqs =Egx C¢ Css | Bl 201,600
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(2) A Reduction of Condenser Refrigerant Pressure for Saving Energy

a) One cleaning per year b) Two cleanings per year
B =%
8 8
) 1 2 3 4 5 6 7 8 9 10 11 12 o 1 2 3 4 5 6 7 8 9 10 11 12
Time

Figure 2-8.17 The COP Resulting from Compressor and Operating Hours

As seen from Figure 2-8.17, the COP becomes lower when the refrigeration is used over
time. However, after cleaning the COP is increased; thus, the COP is subject to the efficiency in
cooling of the condenser. Therefore, if cleaning is increased from once a year to twice a year it is
common that the saving energy from cleaning two times a year is twice as much as that from

cleaning once a year.

Equation for calculating

Use equation (2-8.1) COP = (h¢ = hg) / (hp — he)
Electric power before cleaning = Existing electric power x operating hours of previous
cleaning x factors in working

Electric power loss =  [(COP peiore- COP4tier)) COPetore] X Existing electric power x 0.5

Electric power saved = 1-1 / (operating hours of previous cleaning frequency / operating

hours of new cleaning frequency x existing electric power loss
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(3) Increasing Evaporator Pressure for Saving Enegy

Too much lowering the temperature than the actual temperature requirement for the
operation results in higher consumption in the evaporator, thus, the system efficiency is reduced.

The following are the guidelines for maintaining the efficiency of evaporators.

o

O O 0O

As shown in the above diagram, an increase of temperature for actual use reduces the

Cleaning the surface of the heat exchange area of the evaporator.

Increasing the air speed to the evaporator

Reducing the deforst at the surface of the evaporator

Increasing the size of evaporator

Adjusting the temperature properly for the use.

O

Expantion ¥Valve

O,

Caondensar

Evapaoratar

power used ( Line hy-h, is shorter). Thus, the COP is increased.

Equation for calculating

Use eequation (2-8.1)COP =

(hc —hg) / (hp = hc)

(4) Selecting Proper Defrosting System for Saving Energy

A practical consideration is to select the system that consumes less power. Hot gas in the

system can be exploited so that the cost is reduced and the power consumption is lessened. This

system is called Hot Gas Defrost.

Equation for Calculating

Use equation (2-8.1)

CopP = (hc —hg) / (hp = hc)
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Heat energy by means of electicitiy used to melt the ice (Btu/hr)
= [3,412 x electric power supplied to heater (kW) x operating hours (min)] / 60
Heat energy by means of hot gas used to melt the the ice (Btu/hr)
= [(3,412 x COP x electric power supplied to condenser (kW)) / (enthalpy
before performing in condenser (kJ/kg) - enthalpy before performing in
evaporator (kJ/kg)] x (enthalpy after performing in condenser — enthalpy

before performing in evaporator)

(5) Reducing Unusable or Amenable Cooling Load

Cooling load affects power consumption of the system. It is possible that a reduction of the

cooling load saves power energy.

Reducing unusable light bulb.

- Individualizing the turn on/off switch so that only the in use area is specifically
located with the light.

- Using the efficient light bulb in order to reduce the internal heat.

- Repairing the plastic curtain or broken door to prevent the external heat to escape
inside.

- Timing the ice melting properly.

- Monitoring and keeping the insulator in the cool room and other insulators in good

condition.

Equation for calculating

Use equation (2-8.1) COP = (h¢ — hg) / (hp — he)

Flow rate of refrigerant (kg/s)
= ( COP x eletric power supplied to condenser (kW)) / (enthalpy before
performing in condenser (kJ) - enthalpy before performing in evaporator
(kJ))

Cooling efficiency (kWj,)
= Flow rate of refrigerant (kg/s) x (Enthalpy before performing in condenser

(kJ) - enthalpy before performing in evaporator (kJ))
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2-8.5 Inspection and Maintenance of Refrigerations for Saving Energy

(1) Inspection of Refrigerations for Saving Energy

Guidelines for Inspection

List to be inspected

Results of inspection

Guideline for Diagnosis

1.

Condenser

1.1 Load of centrifugal

condenser

1.2 Selecting the more highly

efficient condenser as a

main operation

1.3 Differences in pressure

between high and low of

the condenser.

1.4 Condenser just

maintained.

1.5 Difference in temperature

between the refrigerant
before entering into the
condenser and the
saturated temperature of
the refrigerant is more

than 10 °C.

O

O

Higher than 90%
Lower than 90%

Selected

Alternatively use

Different
Not different

Yes

No

Yes

No

1.1 The centrifugal condenser is

highly efficient with  80-90%
load.
1.2 Mainly operate the high

efficient condenser and always
measure the efficiency of the
main operative machine.

1.3 The condenser with different
pressure is low efficient.
Therefore, measure them and
use them less.

1.4 The condenser that has just
been maintained is more

efficient than the one that has

not. Therefore, use them
more.

1.5 More than 10 oC difference in
temperature  between  the

refrigerant before entering the

condenser and the saturated
temperature at low pressure
causes an increase of power
supply. This may be due to
the fewer volume of refrigerant
or malfunctions or too small

condenser.
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1.6 Burned condenser motor

1.7 Highly unload operating
the reciprocating

condenser.

1.8 The turbulence due to the
temperature occurs and

add more condensers.

1.9 The life of condenser is

expired.

1.10 Managing the
operation according to the
load, time and electricity

price.

1.11  For a two-stage
compressor, the pressure
of the refrigerant entering
the second stage is a half
of the low pressure and
high pressure of the first

stage.

a Yes

a No

0 High

o Not high
a Yes

a No

o Expired

0 Not yet expired.

a Yes

a More than half

a less than half

1.6 Burned motor reduces the 4%
efficiency. Use less. If the
working load is high, choose
the high efficient motor.

1.7 Unload operating consumes
40-50% power. Therefore,
reduce the number  of
condensers that have not
been lubricated; use oil free.

1.8 When the cooling load is high
though a short period of time,
the volume of the refrigerant is
insufficient. Therefore, use
bigger refrigerant tank instead
of adding more condenser.

1.9 The old condenser is not
efficient.  Therefore, when
expired, replace it with a
proper type and size.

1.10 Manage the use of
condenser according to the
real time load. Operate the
machines and equipment with
respect to the off-peak time.
Adjust the cooling temperature
of the cool room during the
off-peak time

1.11  The two-stage compressor
is highly efficient when the
refrigerant entering the second
stage is a half of the low
pressure and high pressure.
Therefore, re-tune the

pressure.
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Guidelines for Inspection

List to be inspected

Results of inspection

Guideline for Diagnosis

2. Compressed Water
Pump and Refrigerant
Pump

2.1 A turning down of the

inlet and outlet valves.

2.2 Cleaning the strainer.

2.3 Abnormal noise

2.4 Pipe connection in the

pumping system.

Q

Q

O

O

Turn-down

Not turn-down

Yes every......

Never

Abnormal

Ordinary

Correct

Not correct

2.1 The turning down of the inlet
valve may consume power less
than that of the outlet valve.
However, adjust the size of the
pump or reshape the fan blade or
adjust the rotating speed of the
motor.

2.2 Clogged strainers cause
higher power consumption. At the
same time. The flow rate is
reduced and the efficiency of the
pump is reduced.

2.3 Abnormal noise indicates the
problems, such as broken fan
blade, broken bearings, clogged
strainer, insufficient water volume
to be sucked, or air bubbles in the
pump.

2.4 For the pumps connected to
the pipes at the header, the Y-
shaped connection causes less
loss than the T-shaped
connection. The size of the header
should be big enough to prevent
the blockage water while the
pumps work simultaneously. The
first pump located nearest to the
header suction should be operated

first so that the pressure can
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2.5 Operating more than one
pump at the same time by
alternatively using the

pumps.

2.6 Operating the pumps

alternatively

2.7 Pumps that have just

maintained.

2.8 Any burned condenser

motor

2.9 Any motors that consume
more power than the
others.

2.10  Any motor with
pressure drop.

2.11  Able to use the speed

variables.

Q

alternatively use
them
no alternatively use

them

Alternatively operating
Not alternatively

operating

Yes

No

Yes

No

Yes

No

Yes

No

distribute equally to each pump.
2.5 Before operating parallel
connecting pumps, measure the
efficiency of each pump by
calculating the total flow rate and
electric power consumed, then find
the GPM/kKW. Select operating the
high efficient pumps than the less
efficient ones.

2.6 Each pump has different
efficiency. Therefore measure for
the efficiency and wuse more
frequently the higher efficient.

2.7 Use the pumps that have just
maintained more frequently.

2.8 Each burning reduces 4%
efficiency. Avoid using the small
burned motor, the big motor with 3
burning. Use the burned motor
alternatively at the small working
load.

29 The motor that consumes
more highly power than the other
is malfunction. Avoid using it and
correct it.

2.10 The motor with pressure drop
can distribute less water.
Therefore, measure and correct it.
2.11 Do not reduce the cycle of
motor for less than 40% because
the efficiency of motor is reduced

and the cooling capacity is less.
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212  Able to use high

efficient motor.
213 High temperature at

the surface of the motor.

Yes

No, because....

High
Not high

212 When needed the

replacement, use high efficient
motor.

2.13 High temperature motor is a
low efficient motor. The burned

motor has higher temperature.

Avoid using them.

Guidelines for Inspection

List to be inspected

Results of inspection

Guideline for Diagnosis

3. Cooling Tower

3.1 Type of cooling tower

3.2 Rate of cooling tower
comparing to rate of
cooler

3.3 Water level at the tray

in square cooling tower

3.4 Strainers at the sprinkle

pipe are clogged.

3.5 Rotating speed of sprinkle
pipe.

O [ S S

O

O

O

O

Non-circular
Circular

More than 10-20%
More than 20-30%

Lower than 1/3 of the
tray

Higher than 1/3 of
the tray

Partly clogged

Not clogged

Below standard

Above standard

3.1 Square cooling tower is 20F
higher than the circular one..

3.2 Rated CT should be higher
than rated Chiller for 20-30% so
that cooling is effective.

3.3 The water level should be
above 1/3 of the height of the tray
so that the flow rate is proper

not be

3.4 Strainers should

clogged so that the water
expansion is effective

3.5 The over standard of rotating
speed shows that too much water
reduced the efficiency of heat
exchange between air and water.
The under standard of rotating
speed is caused by insufficient
water or the wear of the sprinkler

head.
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Guidelines for Inspection

List to be inspected

Results of inspection

Guideline for Diagnosis

4. Evaporative condenser
4.1 Water spraying from the

nozzle is very fine.

4.2 High difference in
temperature between
condensed water and

condenser refrigerant

4.3 The temperature of the
water obtained is higher
than that of the wet bulb
of inlet air.

4.4 Discharged air contains

drops of water.

4.5 Temperature of the
refrigerant after leaving
the condenser in each

pipe is similar.

4.6 The temperature and
humidity of ventilated air
are higher than the

ambient.

Yes

No

Higher than 6°F

Lower than 6°F

Higher than 4°F

Lower than 4°F

Yes

No

Different

Similar

Higher
Equal

4.1  Not proper spraying increases
more heat to the coil, leading to higher
pressure in the refrigerant. Therefore,

make an action plan for cleaning.

42 More than 6°F difference
shows low efficiency in heat
exchange. This may be due to
sewage on the surface of the pipe,
excessive flow rate, or insufficient

air volume

4.3 More than 4°F may be due
to excessive  flow rate, or
insufficient air volume or
malfunction nozzle

4.4 The discharged air should be
in form of water vapor. Drops of
water may be caused by
excessive air blow, improper
spraying or no eliminator available.
4.5 The difference in temperature
of the refrigerant leaving the
condenser may be due to
malfunction of condenser at the
pipe, such as, insufficient air or
water, or sewage at the pipe.

4.6 Higher temperature is caused
by surrounding heat or short circuit

heat.
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4.7 The surface of condenser

is clean.

4.8 Water spraying without

fan blow.

4.9 The returned water at the
pump has high
temperature.

4.10 The available

evaporators are used

alternatively.

Any burned motor

o Clean

o Covered with sewage
a Yes

a No

o High

o Not High

a Yes

a No

a Yes

a No

47 Sewage can be as an
insulator, lowering th efficiency in
heat exchange. Therefore, always
clean the surface of the
condenser.

4.8 Water spraying without fan
blow increases water temperature
over time. Thus, the temperature
of the refrigerant is higher.

4.9 Add more air flow or fix up the
cooling tower to Ilower the
temperature.

4.10 Each evaporator has different
efficiency. A high efficient enables
the discharged refrigerant having
low temperature. Therefore, use
more of them.

4.11 Each burning reduces 4%
efficiency. Avoid using the burned

motor and correct it.
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Guidelines for Inspection

List to be inspected

Results of inspection

Guidelines for Diagnosis

5. Evaporator

5.1 Airfilter is clogged.

5.2 Cleaning of coils and

fan is regular.

5.3 Ice melting is frequent.

5.4 Ice melting takes long

time.

5.5 Temperature in the
evaporator is below

standard.

5.6 The temperature sensor is

located properly.

5.7 Air distribution is good.

5.8 Unable to generate
temperature as needed or

use more time to generate

Q

Q

O

O

Yes

No

Regular

Not regular

Frequent

Not Frequent

Proper

Not proper

Above standard
Below standard

Meet standard

Proper

Not proper

Good
Not good

Yes

No

5.1 Clogged air fiter decreases the
volume of air in the cooling coil. Thus,
the efficiency of heat exchange is
lowered. Ice can occur.

5.2 Regular cleaning leads in

efficient heat exchange.

5.3 Melting ice increases load in

cooling, so properly melt the ice.

54 When the ice is all melted,

stop the heat immediately to

reduce the cooling load.

5.5 The area temperature must
exist as defined by standard.

Below standard temperature
causes higher power consumption.
Losses increase and efficiency of
the system is reduced.

5.6 The temperature sensor is
essential. It must be accurate and
located at the proper location that

can tell the water temperature.

5.7 Air distribution is significant.

Bad air distribution  varies
temperature level.

5.8 Do not lower the temperature
because it affects the efficiency of

the system.
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such temperature when

overloading.

5.9 The fan motor is high

efficient.

a Yes

a No, because.....

5.9 The problems may be caused
by: reduction of the efficiency of
evaporator, bad air distribution,
insufficient cooling, too low air
speed, too small evaporator, poor
arrangement of products or
malfunction regulator, air bubbles

in the system
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(2) Maintenance of Refrigeration for Saving Energy

List to be enacted

Proper Timing

1. Compressor
1.1 Measure the performance of the equipment
- Thermometer
- Pressure gauge
1.2 Clean the heat exchange equipment of condenser.
Monitor the condition, paint, amount of refrigerant, and
lubricating oil.
1.3 Change refrigerant and the following devices.
- Refrigerant dryer
- Lubricating oil
- Air filter
1.4 Measure and record the variables in order to analyze the
efficiency of the machine
- current, pressure and electric power
- pressure and refrigerant temperature
- temperature and cooled water pressure, inlet and outlet
cooling water

- flow rate of cooled water and cooling water

2. Chilled water pump and cooling water pump
2.1 monitor and measure the operation of the following devices
- pressure gauge
- expansion valve
- Automatic Air Vent
2.2 Clean the strainer
2.3 Measure and record the following varaibles
- current and voltage
- discharged and suction pressure of chilled and cooling
water.

2.4 Monitor heat at motor

everyday

every 6 months

everyday

As in the expired date

everyday

everyday

every 6 months

everyday

every month
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List to be enacted

Proper Timing

3. Cooling tower
3.1 Clean the following devices
- PVC Filling
- water tray
- Water distributors
3.2 Measure the operation of the following components of the
equipment
- floating valve
- water distributor — fan
- Butterfly Valves
3.3 Measure the condition of the belt, adjust the tension( if

any)or gear box (if any)

4. Air Handling Unit(AHU) and Fan Coil Unit (FCU)
4.1 clean the following

- Air Filter

Cooling Cail
4.2 Monitor and measure the operation of the following
- thermometer
- fan
- pressure gauge
- thermostat
4.3 measure and record the following
- temperature and relative humidity

- current and voltage

every 3 months

everyday

every month

every month

every 6 months

everyday

every 6 months
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29

2-9.1

2-9.2

2-9.3

2-9.4

2-9.5

2-9.6
2-9.7

Electrical Heating System

Uses of Electrical Heating System
(1) Heating Processes

(2) Air-conditioning Process

(3) Electrical Heating
(4)

4) Components of Electrical Heating

Types of Electrical Heater
(1) Cartridge Heater

(2) Tubular Heater
(3) Finned Heater
(4) Immersion Heater or Boiling Heater

(5) Band Heater

(6) Strip Heater

(7) Infrared Heater

(8) Cable Heater

Methods of Selecting Electrical System for Work

(1) Criteria in Selecting an Electrical Heating System

(2) Advantages of Using Electrical Heaters in Industry

Calculation of Electrical Heating System

(1) Single Phase Circuit

(2) 3-Phase Circuit

Methods of Energy Conservation in Electrical Heating System

(1) Selecting High Efficient Electrical Heating System

(2) Electrical Loss Reduction in Electrical Heating System
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2-9 Electrical Heating System
2-9.1 Uses of Electrical Heating System
(1) Heating Processes
Textile industry, food industry, chemical industry, metal industry is examples of the

industries using heaters to generate heat to the air in drying process, melting metal, or boiling
water.

Figure 2-9.1 Drying Container Figure 2-9.2 Metal Furnace Figure 2-9.3 Animal Food Boiler

(2) Air-conditioning Process
Air-conditioning processes require an increase of temperature and humidity in the air-

conditioning room or area. In such condition, heat is added into the air flow in that area.

Figure 2-9.4 Air Temperature Adjustment by Heater
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(3) Electrical Heating
Certain production industries need accurate and precise temperature to operate the
system. Using electrical heaters is very popular for they can be used to control very precise

temperature and they can give the result more quickly than the other heating system.

(4) Components of Electrical Heating
Electrical heater is composed of

A single phase system or a-three phase system

- Types of electricity price: normal , TOD or TOU
- Amount of heat (KW) required
- Quality of product

- Insulation of heater
2-9.2 Types of Electrical Heater
Electrical heaters can be categorized into various groups according to their uses:

(1) Cartridge Heater

Cartridge heater generates heat to hard objects , such as, iron, metal

HT

LT

Figure 2-9.5 Cartridge Heater

Table 2-9.1 Characteristics of Cartridge Heater

Diameter Length Voltage Watt

150 110-780 W

11 180 24,110, 220, 380 V 130-940 W
200 140 - 1040 W

150 120 - 900 W

12.7 180 140 - 1080 W
200 24,110, 220, 380 V 160 — 1200 W

250 200 - 1500 W

100 100 - 300 W

298


k.tamura
298


Diameter Length Voltage Watt

15.8 130 24,110, 220, 380 V 130 -390 W
150 150 — 450 W

180 180 -540 W

200 200 -600 W

250 250 -750 W

120 130 - 440 W

150 170-510 W

18 180 24,110, 220, 380 V 200-610 W
200 220-680 W

250 270 -850 W

200 320-960 W
254 300 110, 220, 380 V 480 — 1440 W
400 640 -1910 W
200 400 — 1200 w
31.8 300 110,220, 380 v 600 — 1800 w
400 800 — 2400 w

(2) Tubular Heater
The tubular heater is characterized with metal tube containing heat coil. The space
between in the tube is filled tightly with magnesium-oxide so that the density of
magnesium-oxide is obtained as standardized. The material used to make tubular heater

is different according to the uses.

Table 2-9.2 Material for Tubular Heater

Copper with Clean water inaza1n
Stainless with Ventilating air, furnace, water, oil, liquid or food industries with pH
steel 304 5-9
Stainless with Ventilating air, acid, solvent, chemical element, or corrosion liquid
steel 315
Incholoid 800 with Non-ventilating air, such as, inside the furnace, water, oil, and
liquids
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(3) Finned Heater
A finned heater is of various shapes made from tubular heater but the fin is attached
from one end to another end of the tube. An addition of the fin helps the heater to generate

heat more quickly while the tubular heater can generate the heat directly from the tube.

Figure 2-9.6 Finned Heater Figure 2-9.7 Tubular Heater

(4) Immersion Heater or Boiling Heater

An immersion heater generates heat (1000 watts up to 4000 watts) to all kinds of liquid.
It is used particularly for boiling water and oil. This type of heater is made from tubular heater
that is bended into U-shaped and welded to attach with the teeth.

Figure 2-9.8 Immersion Heater Figure 2-9.9 Band Heater
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(5) Band Heater
A band heater is specifically designed for tubes or cylindrical tanks. The insulator of the

band heater is made from mica and the coil is made of ribbon wire heating element.

(6) Strip Heater
A strip heater is similar to band heaters but it comes out with square or rectangular strip.

It is used to generate heat to dies.

n  JE——

[

U5, 78 45

Figure 2-9.10 Strip Heater Figure 2-9.11 Infrared Heaters

(7) Infrared Heater
An infrared heater emits infrared radiation (similar to the way the sun generates heat to
the world). The infrared heater is high efficient and causes low losses. It can save about 30-50%

energy. It can directly warm the objects, thus, reducing 10 times as short as the other heaters.

(8) Cable Heater
A cable heater is a self-regulating heater. Basically, it can adjust the output power
properly: when the temperature increases, the output power is reduced. The cable heater

cannot generate high temperature.
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Figure 2-9-12 Cable Heater

2-9.3 Methods of Selecting Electrical System for Work

(1) Criteria in Selecting an Electrical Heating System

The engineer checks size and capacity of the heater

The size of the heater is approved by the manufacturer.

The power of heater does not affect the electrical system at a starting operation.
Define correct heater for proper use.

Heat loss should be accurately defined.

Design the system with not much difference in the before- and after-temperature
Calculate the rated electric wire used inside the factory with regards to an increase
of power consumed by the heater.

Locate the heater and the machine properly.

Select either the single-phase voltage or the three-phase voltage that is proper for
work.

Select low loss heater.

F‘ump
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The steal mold and aluminum cast. Tha watar and lank are the work load. The food in this radlant oven Is the

Ing are the work lood,

work load,

Figure 2-9.13 Uses of Heaters in Industrial Process
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(2) Advantages of Using Electrical Heaters in Industry:

- Plastic Industry

1.
2.
3.
4.

Easier to install the heater with the plastic injector.
More accurate, precise and quickly.
More convenient for changing or replacing.

More convenient for cleaning

- Metal/non-metal Industry

1.

o~ 0D

6.

Good for small furnace.

Easier to install and control.

When damaged or broken, change certain parts, not all.
Specifically use only with furnace.

Good for small metal furnace with medium to high temperature.

Easy to maintain

- Leather Industry

1.

2.
3.

Control the temperature as needed
Not as costly as other system.

Easier to design and install.

- Food Industry

1.
2.
3.
4.

Use with small system
Reduce the operating steps and cost for installing pipe if steam is used
Easier to install and compose

More convenient in temperature controlling.

- Electronic Industry

1.

Easier to install than steam heating or hot oil heating

2. Reduce the problems caused by leaks of oil or steam

3. Rapidly control the operation

2.9.4 Calculation of Electrical Heating System

Electric Power
Consumption
of Heater
(kwWh)

4 Heat of Heat Loss Heat )
Load |4| System |[.| Recovery
(kW) (kW) (kW) Operating
- X Time
(hr)
Heater Eff Heat
nH X Exchanger Eff
NH
e J

The power load of heater calculated by Ohm’s Law.
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(1) Single Phase Circuit

Electric Power P (Watt) = I°R =
Where

P = electric power in watts
\Y,
|

R

" Heat
= potential difference in volts I
= current in amp

s

= T

Vac @ R Ef/ﬂ
= resistance of heating element in ohms

Figure 2-9.14 A Single- phase circuit of a Heater
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Figure 2-9.15 A Series Circuit of an Electrical Heater

Total resistance

R =R +R,+R, +R, + R,
Total electric power

PP=P+PFP+P+P,+P

=
1 I.Il'r

—
A
¥
Ko
*'I’* \Il
o
W
o

Figure 2-9.16 A parallel Circuit of a Heater

1

1 1 1
R R R, R, R,
(2) 3-Phase Circuit

3-phase two-line circuit
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Figure 2-9.17 3-phase Two-line Circuit of Heater

S | (5\ |

a. Iph delta b. 3ph wye

Figure 2-9.18 3-phase Delta of a Heater Figure 2-9.19 3-phase Wyes of a Heater

» 0
Ly
Broundsd
[l T
Ol
Ly
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a. A 3ph-4 wire circuit b. A 3ph-4 wire radiant panel

Figure 2-9.20 3-phase four-line circuit of Heater

3-phase electric power P =1.73 V.l cosQ

P = electric power (watt)
V = voltage (volt)
I = current (amp)

Cos@ = power factor
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Example

ECON factory wants to use a heater for boiling of 1000 liters of water. Design the size of

the heater for boiling water temperature from 25 °C to 100 »C within 1 hour. The electricity is

2.95 Baht/unit.

List to be calculated Symbol Unit Data Source of Data
1. Basic Information
A Electricity per unit Ec B/kWh 2.95 Electricity bill
B Operating hours of heater Hr Hr/d 1 Action plan
C Amount of production Mp kg 1000 Production plan
D Temperature of production Ti °C 25 Measurement
E Temperature needed for the To °C 100 Production plan
products
F Specific heat of the products Cp kg/kdeC 4.187 Table of Characteristics
2. Data Analysis
2.1 Amount of heat
Qu=m,C, (T, -T)) Qn kJ 314,025
2.2 Heater size
WH = Q_H WH kW 87.23
hr,

2-9.5 Methods of Energy Conservation in Electrical Heating System

(1) Selecting High Efficient Electrical Heating System

use good quality insulator for the equipment or use good quality heater

effectively control the proper temperature for the desired products

- Use proper heater to the work

re-use the heat

A calculation for heat conduction and heat convection of electrical heaters

Q, u3a Qg

Qv =
QG =

0 =
I

W.C, AT
3412
heat content used to increase the temperature (kWh)
heat capacity used to increase the temperature in the process
(kWh)
weight of the product (kg)
heat capacity of the products (kJ/kg. °C)
Difference in temperature between output and input nm

(T output - T input)
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WHf
3.142
Q Heat of metal melting or heat of vaporization

w Metal weight Ib/kg
Hf Latent heat of metal Btu/lb/kT/kg

(2) Electrical Loss Reduction in Electrical Heating System
- use correct current with the heating load
- adjust properly the voltage for the type of heater
- Select the heater coil that has low electrical resistor
- fix up the heater and test the electrical balance
- regularly measure the accuracy and precision of the controller
- measure air ventilation inside the electric oven
- Reduce the problem resulting from an increase of resistor of the coil of the

heater by using different filler metal.

(3) Reduction of Heat Loss at Insulator of Electrical Heating System
Heat Loss from Heat Conduction
KA AT (te) _ KA AT(te)

Q. = 3.412.L ) L
Q,  Conduction heat transfer in wh

k Thermal conductivity ~ Btu.in/ f2.F (%OC)

AT Difference in temperature of the wall surface (°F) (°C)
te Operating time (hr)
L Thickness of the wall (in) (m)

Convective Heat Transfer
QLz = AFSLCF
Q,, Convective heat transfer rate in kWh
A Wall surface of area in m2

F, Loss factors

Ce Hot surface factors
Hot surface facing up =1.29
Hot surface facingdown  =0.63
Vertical surface =1.00
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Radiant Heat Transfer

QLS
QLS

e

(4) Wastes Heat Recovery of Electrical Heating System

A Fe
Heat loss from radiation

Emissivity

(kWh)

Potential of waste heat and Equation for calculating

Qwaste = mOC PAT

Qe  Amount of waste heat in kW

Co
AT

Example

system and environment

Heat capacity of working substance (air, water, oil) in kd/kg-C

Difference in working substances temperature emitted from the

ECON factory improves the paint oven from the use of 500 kW 380 Volt heater into 420
kW 380 heater. The operating time of the oven is 12 hours per day 300 days per year. The

electricity price is 2.95 Baht.

List to be calculated Symbol Unit Data Source of data
1. Basic Information
@ Electricity price per unit Ec B/kWh 2.95 Electricity Bill
Working hours per year hr hly 3,600 Real time using
@ Rated existing heater WHi kw 500 Measurement
@ Rated new heater WHo kW 420 As designed.
2. Data Analysis
@ Reduced electrical power of
heater En kW 80
En = WHi-WHo
@ Reduced electric power Es kWh 288,000
Es = Ex x 3600
@ Reduced electricity cost Sc B/y 849,000
Sc=EsxEc
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2-9.6 Guideline for Controlling Temperature and Operating Electrical Heating System

m—1
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4@ EE“_] ; 4 a, Bulb & Capillary b. Open Contacts ¢. Closed Contacts

Thermostat
Figure 2-9.21 Heater Temperature Control Figure 2-9.22 Heater Temperature Control
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b. The contacts are closed. Current is supplied to the heater.

Figure 2-9.23 Control Circuits of Opened and Closed Heater Operation
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2-9.7 Guidelines for Inspections and Diagnosis and Maintenance of Electrical Heating System

(1) Inspection and Diagnosis the Electrical Heating System for Saving Energy

The operators of electrical heating or heater should be skillful in inspecting and maintaining

in order to save energy, lengthen the heater life and protect themselves from injuries or death.

The guidelines for inspecting, diagnosing and maintaining are as the following:

List to be inspected

List of inspecting

Result of inspection

Guidelines for Diagnosis

7. Out of order heaters

1.1 Control switch is not

connected.

1.2 broken fuses

1.3 Broken/damaged wire

Malfunction heater

Malfunction heater

1.1 Check the switch using volt-

amp. meter. Measure the
electromotive force and electric
current..

1.2 Measure and replace it with
the new one.

1.3 Measure and replace it with

the new

2. over heat fuse

3 The thermal fuse does not
work.

(Thermal fuse)

3.1 No installation

3.2 Broken while maintenance
4. Out of order thermostat

4.1 Thermal fuses

4.2 Wire system

4.3 A single phase

4.4 Thermostat wear

4.5 Power distribution

Over heat fuse/ melted

fuse

Disconnected circuit

Broken

Installing 3-phase circuit
L1/L2 or L1/L3
Malfunction system

No electric power

2. Check the resistance of the

fuse. Change if broken.

3.1 Install the desired heater.
3.2 Measure and install the desired

heater.

4.1 Check the electric circuit and
fix up the thermal fuse.

4.2 If broken, replace with the new
one.

4.3 Measure the electric system or
re-connect it.

4.4 measure and correct them

4.5 Measure as in 1

5. Thermal fuse functions

without stopping. .
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List to be inspected

List of inspecting

Result of inspection

Guidelines for Diagnosis

5.1 Liquid inside the fuse.

5.2 Broken fuse

5.3 Properties of liquid

5.4 Thermal fuses

5.5 Temperature of liquid

Lower than normal rate

Arc torch at the fuse

Wrong viscosity

Overheat (Overheat)

More than 180 °oF

5.1 Measure the level and the
volume of the liquid.

5.2 Change the fuse to protect
heat

5.3 measure the properties of the
viscosity

5.4 Measure the relay, wire, coil as
defined in the specification.

5.5 replace the fuse with the new

one to prevent new heat.

6. Bimetallic thermostat
functions at the low
temperature.

6.1 level of liquid

6.2 Properties of the viscosity

of liquid

6.3 Electric wire

Too low

The viscosity is lower than

defined.

Dirty / broken

6.1 Re-fill as defined.
6.2 Measure and replace it with the

new one.

6.3 Measure, clean or change it.

7. the heater temperature is
lowered.
7.1 Voltage

7.2 The distribution system of

voltage.

Lower than 380 volts or
220 volts.

Broken or damaged due
to lower voltage than
defined

7.1 Measure and adjust the voltage
at 380 volts or 220 volts.

7.2 Measure the

distribution as defined in the

rated voltage

standard value.

8. Electric Short Circuit
8.1 Short circuit

8.2 Ground faults

Broken or wet

Electric wire contact

8.1 Stop the heater from operating
/ measure and replace it with the
new one.

8.2 Stop the operating, measure,

and correct it.
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(2) Maintenance of Electrical Heating System for Energy Conservation

Action to be performed Proper Timing

1. Cleaning the following
- Thermostat Every month
- Fuses Every week
- Contacts of the electrical system Every month
2. Enact the following
- Measure the operation of the thermostat so that it can Every six months
control the temperature efficiently.
- Monitor the condition of the heater insulator
- Monitor the insulation of heater equipment
3. Measure and record the following variables in order to analyze the Every six months
efficiency of the heater.
- current voltage and power

- temperature of the heater

- electrical circuit of the heater
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