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ABSTRACT

This paper presents the results of a study carried out to elucidate the influence of the
source and sink temperatures on the optimal charge of a propane water-to-water 16 kW
heat pump which does not incorporate any liquid receiver. The unit had been fully tested
along a previous experimental study, at various refrigerant charges and different
condensing temperatures. A detailed mathematical model was then employed to simulate
the unit performance. The predicted results were in very good agreement with the
experiments, and furthermore, showed the same trends found in a similar unit tested at
the KTH (Sweden) when the evaporation temperature was progressively decreased. Then,
the model was employed to study the influence of the source and sink temperatures on the
optimal charge of the unit. The simulation showed that the great variation of the optimal
charge with the variation of the evaporation temperature is mainly due to the variation of
the amount of refrigerant in the compressor oil.
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1. Introduction refrigerants with even higher efficiencies than R22 or R410A.

Compared with CFCs, HCFCs and HFCs, hydrocarbon refrig-
Propane (R290) and several hydrocarbon blends have been erants offer zero ODP and extremely low GWP and, in regard to
commercialised and clearly demonstrated as alternative  their performance, they offer, in general, high efficiency,
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Nomenclature
A Cross section area (m?)
BPHE Brazed plate heat exchanger

COP = % Coefficient of performance (—)
eliiydraulic diameter (m)

Power input (W)

Friction factor (-)

Gravity (ms™)

Mass velocity(kg s~ m~2)

Heat transfer coefficient(W m—2K 1)
Enthalpy(J kg™*)

Mass flow rate (kg s™%)

Perimeter (m)

Pressure (Pa)

Doy /cond Condenser or evaporator capacity (W)
Slip ratio (-)

Temperature (K)

Velocity (m s

Swept volume flow (m3s~?)

W e Compressor electrical consumption (W)
bl Quality (-)

SS9 Thm g
=

oS o

<e< —H W0

%)

z Spatial coordinate (m)

Greek

a Void fraction

Ne Compressor efficiency

Ny Volumetric efficiency

£ Heat losses ratio to the environment
qﬁ)? Two phase friction multiplier
0 Angle with horizontal

p Density (kg m™)

Subscripts

f Saturated liquid

g Saturated vapour

i Inlet, cell index

is Isentropic

j Cell index

1 liquid

(o Oulet

U Vapour

w Wall

reduced charge levels, and lower compressor discharge
temperatures.

The only real factor deferring the application of hydro-
carbon refrigerants in refrigeration and air conditioning
equipment is the safety concern in handling relatively large
amounts of flammable fluids. The development of highly
efficient and minimum-charge units is then one of the crucial
challenges for the future success of hydrocarbon-based
refrigeration and air conditioning equipment. The propane
unit of this study is able to produce around 16 kW heating or
cooling with a propane charge around 450 g, leading therefore
to a ratio of 28 g of required charge per kW of unit capacity.

The use of optimised minimum-charge units is an impor-
tant issue in the development of future sustainable refriger-
ation and A/C equipment. The charge of the systems is
directly related with the direct emissions of substances with
high GWP in the case of using synthetic refrigerants, and of
potential hazardous substances in the case of employing
natural refrigerants as ammonia or hydrocarbons. On the
other hand, minimisation of charge cannot be realised in
detriment of the COP of the systems since lower efficiencies
imply higher electricity consumption and therefore higher
CO, global production. An integral optimisation of both the
equipment design and charge is therefore necessary to lead to
the minimum CO, global emissions.

A good understanding and modelling of the distribution of
the charge among the different components of a refrigeration
unit and the influence of the charge on the unit performance
are essential to better design and charge future equipment.

Optimum refrigerant charge and refrigerant distribution
received little attention in the past. Only, a few papers can be
found in the Literature focusing this topic, of which the most
cited are: Haberschill and Lallemand (1986), Kuijpers et al.
(1988), Farzad and O’Neal (1991) and Robinson and O’Neal
(1994).

It is in the early 2000s when this topic starts to deserve
a considerable interest due to the general target of reducing
the global equivalent CO, emissions of refrigeration systems.
See for instance the interesting discussion on minimum-TEWI
equipment in Barnes and Bullard (2000) and the papers by
Colasson et al. (2001), and Goswani et al. (2001). The Zero-
Leakage — Minimum Charge Conference held in Stokholm, in
2002, was the first international event focusing the minimi-
zation of charge in Refrigeration and Air Conditioning equip-
ment, with very interesting papers on the topic of charge
optimization: Barnes and Bullard (2002), Bjérk et al. (2002),
Nowotony (2002), Primal et al. (2002).

In recent years a number of experimental studies have
targeted this topic and are supplying very interesting infor-
mation about it. See for instance: Primal et al (2004), Flohr and
Meurer (2004), Choi and Kim (2004), and several papers by
Bjork and Palm (2006a,b,c).

Among the latest papers on this subject, two papers
deserve to be mentioned separately. The first one, Palm (2007),
because it summarizes the extensive work done at the Kun-
gliga Tekniska Hogskolan (KTH) in Sweden by Prof. Palm on
this subject. The paper presents a very interesting series of
results and conclusions about the possibilities for charge
reduction and minimization of leakages in refrigeration
equipment. The second one, Poggi et al. (2008), because it
presents a very complete review on the subject and an excel-
lent discussion on all aspects related with charge reduction.

Additionally, a number of mathematical models incorpo-
rate now a detailed discretization of the evaporator and
condenser which allows the estimation of the amount of
refrigerant contained in each component and of the subcool-
ing, which have proved to be useful to understand the refrig-
erant distribution and the problematic of the refrigerant
charge optimization. See for instance: Shen et al. (2006), Jiang
et al. (2006) and Corberan et al. (2008).
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