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In a process industry heat pump can be used for water heating application for an energy conservation
application. The theoretical design for heat pump is designed from the point of view replacing
electrical heaters. This paper presents simulation results of designed heat pump for water heating in a
process industry. The paper also shows the results of indoor environmental quality improvement by
heat pump around its surroundings. The compressor consumption analysis has done for electrical
heater and heat pump also simulated results for compressor is shows in this paper. Electricity
consumption has been reduced by designing and simulating heat pump process.
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INTRODUCTION

Heat pumps use electricity to transfer heat from one place to
another to provide heating or cooling. The basic components of
heat pumps include a compressor, condenser, expansion valve,
and evaporator. The importance of energy conservation has
been highlighted by in EC ACT- 2001 by Govt. of India. The
total potential of energy conservation by Energy Management
and Energy Efficiency Improvement Program is estimated to
25000 MW. There is a potential of saving 25-30% of energy in
various designated agencies of MSME. In manufacturing and
process industries, the process designs are based on the type of
machine installed at the time of machine erection and
commissioning. However, with the time and technological
development they become obsolete and the efficiency of the
machine and process goes down. Under the circumstances to
improve the efficiency of the system, it is necessary to integrate
the new technologies under Energy Efficiency Improvement
Program.

*Corresponding author: Jadhav, G. B.
Department of Technology, Shivaji University, Kolhapur,
Maharashtra, India.

I. Design of Heat pump technology

1.Heat Capacity

0 =m*C,*At

2.Theoretical COP of the system

COP ) = refrigeration effect/ compressor work

Refrigeration effect = h, - hg

Compressor work = h, — h;

3. Refrigerant mass flow rate

Heat added to cold water = Heat rejected from condenser
Q=m, *Ah,

4. Compressor work and selection

W =m, *(hy-h))
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Figure 1. Prssure- enthalpy chart

5. Effective Performance Ratio (EPR)
5.1 Ideal (Carnot cycle assumption)

EPR = T2 / (Tz-Tl)
EPR = Q rejected/ W

Isentropic work done by compressor W = Q rejected/ EPR

Isentropic efficiency by compressor = Isentropic Work / Actual

Work

5.2 Actual EPR
EPR = Q rejected/ W
EPR =COP + 1
COP=EPR +1

6. Design Procedure of shell and tube condenser

6.1 Mean temperature evaluation

Cold fluid inlet temperature = T¢;,
Cold fluid outlet temperature = Ty
Hot fluid inlet temperature = Ty,
Hot fluid outlet temperature = T}oy
Hot fluid mean temperature= Ty pean
Cold fluid mean temperature= T pcan

6.2 LMTD

(Thin - Tcout) - (Thout - Tcin)

AT =
LMTD In [(Thin - Tcout)

(Thout - Tcin)

6.3 Area of tube

_ Qx1000
LMTD+* Uassume

6.4 No of tubes
N: =A/ (m*dy*L)
6.5 Tube pitch
P,=1.25d,
6.6 Bundle diameter
Dy =do (Ne/ K1)
6.7 Shell diameter
D, =D, +BDC
6.8 Baffle spacing
Bs=0.5D;
6.9 No.of tubes per passes

Nipp = N/ number of pass

6.10 Tube side mass velocity
G, = Tube side flow rate / [N, * (n*d¥/4)]

6.11 Tube side velocity

u=G,/p
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6.12 Reynolds number
R, = pud/p
6.13 Prandle number
P=nCy/k
6.14 Nusselt number
Nu = Re"*#0.023* P,**
6.15 Heat transfer coefficient inside tube
Hi=N,*k/ d;
6.16 Shell side area

[(tube pitch—0D)+Dgxbaffle spacing]
tube pitch

S

6.17 Shell side mass velocity
G,=Mass flow of refrigerant/A
6.17 Equivalent diameter of shell
D.=4[P; — (m *dy")}/ [ *do]
6.18 Shell side Reynolds number
Re&=D*Gy/p

6.19 Shell side Prandtl number

6.20 Heat transfer coefficient of shell side
H0:036(k/de) * REO.SS*PI‘O.33*(”LW)O414

6.21 Overall heat transfer

1
Uactualw
i+ (o)
6.22 % of overdesign
= (Uactual_ Uassumed/ Uactual) *]()0

6.23 Pressure drop calculation

Shell side pressure drop = 8*j7*(Ds/D.)*(L/B;)*(p*u’/2)*

(W 1)
Tube side pressure drop = 2%j; *Gsz*Ds*(NB + 1)/ p*D.*

(T
7. Expansion valve selection

Calculation of nominal capacity

Qn:Q X de X Kt

Where,

Q =Heating load
Kgp= Correction factor for pressure differential
K; = Correction factor for liquid and evaporating temperatures

8. Evaporator design

8.1 Heat absorbed in evaporator

Habsorbed: mr*(hl - h4)

P=nCyk
=055t 05 J

]
3 I
190 ﬁ %
- 1000 -

Figure 2. Designed condenser diagram
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8.2 Air mass flow rate
Q = m*¢,*(Tambicent —Tair)
8.3 Mass velocity
G=nv/ A
8.4 Reynolds number
R=G*dy/ 1
8.5 Number of tubes
N&=my/ pAu
8.5 Area of tube
A= n*d’/ 4
8.6 Total width = 2* fin width
8.7 Total cooling from evaporator

Q =h*A*(Tar ~Top)

Compressor

The designed condenser, compressor, evaporator and expansion
valve are to be shown in above figure. The process is same as
vapor compression system. This system is connected to
washing tank replacing electric heater

II. Energy Consumption Simulation Analysis Over The
Time In Pack Calculation Pro Software

Pack Calculation is an application for comparing the yearly
energy consumption of refrigeration systems and heat pumps.
Among other features, trans critical CO2 systems can be

compared with traditional systems. The application compares
different systems based on a geographical location.
Traditionally, refrigeration systems (and heat pumps) are
dimensioned based on a single operating point (normally
somewhere around the point where the load is highest). This
approach ensures that the system will deliver the cooling (or
heating) required. Recently, standards for measuring seasonal
performance of both refrigeration systems and heat pumps,
have appeared. Pack Calculation Pro provides a more detailed
simulation of the yearly energy consumption than the standards
offer.

3 I I ¥ ‘P_ "
Pressure relief -?H._;_ ! u
valve
Water Tank
Condenser "
H - i
Water Pump

Evaporator

Expansion Device

Figure 3. Designed heat pump system
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Figure 4. Energy consumption of compressor over the year
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Figure 5. Simulation graph for one day

1. Energy consumption of compressor over the year

The compressor consumption is near about 4800 kWh for the
months as an averanging. For thr month april to july it goes low
due lessconsumption of electricity.The consumption of
compressor for januwary and december remains same.

2. Simulation graph for one day
The designed compressor capacity is 6.58 kw. As the

performance is simulated in pack calculation pro software, the
compressor consumption capacity matches.

The cop of the system is 3.10. The condenser can reject heat
near to 50° C.

3. Simulation graph for one month

The designed compressor capacity is 6.58 kw .As the
performance is simulated in pack calculation pro software , the
compressor consumption capacity matches .The cop of the
system is fluctuates for some months .Where as the condenser
can reject heat near to 50° C.
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Figure 7. Simulation graph for one year

4. Simulation graphs for one year

The compressor consumption over the year consumes 6.58 kw
average. For month February to October the fluctuation occurs
and it is below average. The cop of the system is in between
2.8 to 3 but it goes low in initial months and after words it is
continuous. The condenser can reject heat near to 50° C
continuously

III. Cost benefit and energy consumption analysis

The cost benefit for heat pump, electric heater and simulated
result are shown in below table. The compressor consumption
can be considered for analysis.

The above graph shows the consumption difference for electric
heater and heat pump. The heat pump consumes less energy as
compared to electric heater. The heat pump saves one third of
energy consumption. The average compressor consumption is
7.50 kw. The electrical consumption is more .By using heat
pump more amount of energy saved.

As the initial condition compressor started, the consumption is
some increases and after required temperature is maintained,
the compressor consumption is somewhat in steady state. The
simulated results for compressor are constant for a day and is
less than the heat pump consumption.
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Figure 8. Cost benefit and energy consumption analysis
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Figure 9. Cooling effect for a space air conditioning

IV. Indoor environment quality improvement

IEQ objectives vary with the programmed use for the building
and industry. Each aspect of IEQ must be considered.
Acoustical comfort may require specific focus because of the
nature of activities inside and around the facility. For a certain
prescribed noise criteria that must be provided to allow for
intended operation. In design the cooling effect from
evaporator is nearly 21 kW. i.e.6 tons of refrigeration.

QCooling =6 TR

The above figure shows the room dimensions for cooling from
evaporator outlet. The overall dimension will be 6000 cu. ft.
Heat pump can be cooled near 6000 cu.ft. Area is placed to
that of heat pump. Heat pump is very beneficial in view of
environmental conditions. It can maintain the IEQ of room or
that work space.

V. Conclusion

Vapor compression system has been designed and electrical
consumption has been worked out. The performance evaluation
for heat pump has been done. The simulation results shows that

saving electrical energy units of the order of 5,86,080
kWhr/year by heat pump design where as by simulated results
it comes to be 6,61,728kWh / year. The indoor environmental
quality, for designed heat pump, for cooling purpose has been
done for a room. The design of heat pump point 6.2 and 6.16
and 6.21 not only used for heating but also cooling the
surrounding environment.
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