IJSRD - International Journal for Scientific Research & Development| Vol. 8, Issue 3, 2020 | ISSN (online): 2321-0613

Waste Heat Recovery from the Vapour Compression Refrigeration
System & Its Utilisation in Processes

Gagan Malik?® Prof Pravinkumar P Wankhade?
'Researcher 2Professor
L2pepartment of Mechanical Engineering
12G H Raisoni School of Science and Technology, Amravati(M.S.) India

Abstract— To conserve energy, necessary steps are taken all
over the world which results higher savings, improved
environmental quality. Heat is low grade energy. Though it
is low grade energy, but its recovery can give low fuel
consumption in any typical application. So many work is
being done to recover the waste heat in Refrigeration
Systems. An attempt has been done to explore the waste
heat recovery from the refrigerant ammonia gas between the
Single stage reciprocating compressor and condenser of
Vapour Compression Refrigeration system used in the
beverages bottling plant. This low grade waste heat recovery
improves the performance of the Refrigeration system and
the recovered heat is utilised for heating of the Carbonated
PET bottles and Cleaning in Place (CIP). The recovered low
grade heat reduces the condenser load hence improved
performance of the refrigeration system.
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I. INTRODUCTION

Cooling generates considerable quantities of heat. If not
utilized, this energy simply becomes waste heat. Engineeers
has developed control valves to control the direct utilization
of waste heat. They provide for exact, demand-controlled
heat recovery. The utilization of waste heat is profitable
wherever heating and refrigeration are required at the same
time, or where energy in terms of waste heat can be stored.

— In industrial processes (e.g. heating in other process
areas or drying processes)

— Inair conditioning systems to reheat air again.

— In process industries, dairies, hotels, etc.,

—  Where, on the one hand, cold storage rooms operate and
on the other hand, there is always good demand for
domestic hot water.

— In stores, where in addition to cold foods, there is also a
demand for heat, e.g. Mall heating

— In cold storage facilities, for requirement of domestic
hot water

Il. LITERATURE REVIEW

Douglas T. Reindl et al.[1] Traditional heat recovery
approaches focus on recovering heat from the high stage
screw compressor discharge gas stream (desuperheater).
11.5% of the total system heat rejection is available in the
superheat range (higher quality) while the remaining 88.5%
of the heat is available in the phase change from vapor to
liquid (lower quality. An alternative that should not be
overlooked is recovering heat from oil cooling heat
exchangers on screw compressor packages.

S.C.Kaushik et al,[2] System feasibility of low
grade heat recovery from Industrial refrigeration and air
conditioning in vapour compression refrigeration (VCR)

system through a Canopus heat exchanger (CHE) between
the compressor and condenser components.

Romdhane BEN SLAMA[3] Developed a system
that can recover heat from the condenser of the refrigerator.
In this work air-cooled conventional condenser is replaced
by another heat exchanger to heat water. The results show
that water at a temperature of 60°C was produced by the
system.

Tong Xie et al.[4] The results show that the
ammonia chiller exhaust heat energy and sensible heat
recovery can obtain 40-70 degrees hot water for employee
bathing and Production of sanitary cleaning, etc.

Manik Engineers [5] In a usual AC & R system, the
refrigerant temperature rises in tune of 85°C to 110°C in
reciprocating compressor after compression. The refrigerant
is further put to the air/water cooled condenser to condense
near about 40°C.

DCE Refrigeration [6]Desuperheater is utilised
anywhere in the process where temperature range from 30 to
70 °C with quantity of hot water10.44 litre/hr/Ton of
Refrigeration heat energy available in refrigeration cycle
which otherwise go waste.

I1l. WASTE HEAT RECOVERY

Compressor work P must be released in the form of heat
released by the condenser and heat is absorbed in the
evaporator Qe. Qc of this heat dissipating into the
environment, appropriate measures can be applied to make
this heat flow meaningful for heating purposes due to its
heat level.

The output Qc of the condenser mainly depends on
the volume m per unit circulated and at the same enthalpy
difference as h3 - hl on a given pressure PC. The
liquefaction of hot ammonia refrigerant vapor occurs in
several stages. In the initial phase (1), heat is extracted from
the compressor by hot compressed gas (eg 85-110 ° C in
reciprocating compressors). The amount of heat removed is
13 - 23% of the total condenser output. This heat has a much
higher level (up to 60-80 ° C) than the actual condensation
temperature. This is particularly suitable for heat recovery if
the required heating media temperature exceeds the
condenser temperature, and the heat extracted alone can
cover the heat demand. The actual condensation then occurs
in the second phase (Il). Here the temperature of the
recovery temperature corresponds to the condensation
temperature tc. The final stage (I11) in the condenser now
produces a sub-formation of already condensed refrigerant.
Due to low temperature and energy content, this region is
hardly relevant for heat recovery. The condensing
temperature and pressure vary with the changing
environment, especially in the case of air-cooled condensers.
Therefore, it is recommended to limit the pressure of the
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condenser to a minimum. It is also worth checking whether
it is suitable to increase the condensation temperature during

the heating season.
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Fig. 1: Refrigeration cycle on the h-log p diagram

A. Gas-side heat recovery

Condenser heat can be used in many ways. Methods for gas-
side heat recovery are discussed here. They have several
major advantages over other solutions. The direct use of
condensation heat typically provides a higher temperature
and heat yield than conventional, indirect heat exchange
methods. Additionally, the three-port valve for gas-side
control allows simplification of the hydraulic circuit on the
consumer side, particularly when the heating medium is
heated above the condensation temperature (eg hot water
heating systems with electric water heaters). In this matter.
Three-port valves prevent the occurrence of undesirable
high pressures in the condenser at high return temperatures,
thus increasing the operating condition at every expense.

If an auxiliary condenser is connected to the main
condenser for the purpose of heat recovery, the term series-
connected condenser is used. This configuration is
particularly chosen if the auxiliary condenser is used to heat
domestic hot water whose temperature is higher than the
temperature of the condenser. This is achieved using the
heat extracted. The temperature of the achievable water
depends on the size of the auxiliary condenser and at the
pressure prevailing in the condenser downstream: ¢ If the
auxiliary condenser is used to heat the air with
dehumidification in the air conditioning system ¢ If Heat
recovery condenser should be with the help of additional
pressure control « Higher condensation temperature than the
main condenser. If an existing system supply with on / off
control is equipped with a controlled reactor in the
modulating mode as an auxiliary condenser to control the
temperature progression in the air duct, then in the case of
series connections, the pressure in the condenser and

refrigerant pipe is reduced. Therefore, the pressure loss
between the compressor and the refrigerant collector should
not be too high; Otherwise the efficiency of the system
suffers.

B. Operating principle

If necessary, the hot-gas supplied by the compressors for the
hot water, flows directly into a special heat exchanger. The
achievable domestic hot water temperature can be up to 75 °
C, depending on the capacity of the auxiliary condenser, the
degree of heat extraction and condensation, and the
condensation pressure. If domestic hot water is required at
temperatures higher than the condensation temperature, e.g.
For process heating, cleaning, CIP, etc., the water is heated
in an auxiliary storage tank. The heat output of the
exchanger is controlled by a mixing valve, which in this
case is used as a condensate back valve. At partial loads and
in the case of high return temperatures in domestic hot water
circuits, the hot gas flows directly to the main and auxiliary
condensers through the bypass and mixing valves. This
means that in the case of high return temperatures in the
domestic hot water system, there may not be disturbances
even on the high pressure side of the refrigerator machine.
The Ammonia refrigerant flows into the main condenser and
auxiliary condenser in proportion to the position of the
mixing valve. The latter is activated by a controller, which
controls the temperature of the heating system supply
according to the outside temperature. Control action is
achieved through the support of condensation. If no heat
demand is detected, the mixing valve is closed near the
heating condenser. The refrigerant condenser completely
floods the auxiliary condenser. Condensation considers the
temperature of the heating medium. At the same time, hot
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residual gas is supplied to the air-cooled main condenser via
a manifold. Here, heat is transmitted to the environment.
Reciprocating Compressor
with Water Cooled
Condenser

KC-6 at 1000 rpm

188.43Ton =662.67 Kw
662.67@91%=596.4
kw
R717 (Ammonia )
Cylinder Bore, Piston Stroke, 160,110 mm, 796.2
Swept Volume at 1000 rpm m3/hr
Evaporating Temp. 0°C
Condensing Temp. 40°C
Gas Temperature at the inlet 110° C (<140° C)
to Desuperheater

Refrigeration Capacity

Refrigerant

Gas Temperature at the 68° C
outlet of Desuperheater

Water Temperature at the 30°C
inlet of Desuperheater

Water Temperature at the 750 C

outlet of Desuperheater
Water Flow Rate@ 30° C

8 Ipm/cylinder x 6
cylinder head
Table 1: Detailed for the Ammonia Reciprocating
Compressor KC6 with Heat recovery Temperature
Heat recovering from an industrial refrigeration system has
the added benefit of reducing the heat rejection load on the
evaporative condenser, which takes advantage of the
primary heat energy savings. It is reasonable to assume that
a plant will realize some incremental savings in evaporative
condenser fan energy with a decrease in load on the
condenser. Conservatively, the added pump energy to the
heat recovery system removes any reduction in the
evaporative condenser water pump energy.
This low grade waste heat recovery improves the
performance of the Refrigeration system and the recovered
heat is utilised for heating of the Carbonated PET bottles
and Cleaning in Place (CIP). The recovered low grade heat
reduces the condenser load hence improved performance of
the refrigeration system.

C. Other Considerations

In evaluating the ability of heat recovery in industrial
specific plant applications, several other factors are carefully
considered. As mentioned earlier, the recovered heat
demand needs to be compared with the available supply.

In situations where there is a mismatch between demand and
supply, some form of heat storage will be required. The heat
related to this issue is providing redundancy in rejection. If
you are considering heat recovery from hot gas cooling heat
exchangers, it is important to provide some type of heat
rejection such as the installation of one or more closed
circuit fluid coolers that can be used during periods when
there is no demand for a plant to be recovered, heat.

In the heat recovery loop with a secondary fluid
such as water/glycol, another heat exchanger would be
required if the application calls for heating potable water.

It is important to evaluate the Refrigerant-side
pressure drop operational risks needs to be minimized

associated with heat exchanger failure for desuperheaters. A
refrigerant vapor bypass should be considered for reliability.

IV. CONCLUSIONS

As the cost of fuel used for heating rises, opportunities for
economically recovering heat from the refrigeration system
increase. Conventional heat recovery approaches focus on
the heat recovering from a high gas compressor discharge
gas stream (desuperheater). The recovered low grade heat
reduces the condenser load hence improved performance of
the refrigeration system.

%13-23 heat recovery possible to heating capacity
operating under different condition and the increase in
temperature of water achieved by 40 deg C.
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