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ABSTRACT: A dynamic simulation model was developed to analyze the transient characteri-
stics of a multi-inverter heat pump. The programs included a basic air conditioning system
such as a evaporator, condenser, compressor, linear electronic expansion valve (LEV) and by-
pass circuit. The theoretical model was derived from mass conservation and energy conser-
vation equations to predict the performance of the multi-inverter heat pump at various opera—
ting conditions. Calculated results were compared with the values obtained from the experi-
ments at different operation frequencies of compressor, area of the LEV and configuration of
indoor units operation. The results of the simulation model showed a good agreement with
the experimental ones, so that the model could be used as an efficient tool for thermodynamic
design and control factor design of air-conditioners.

Key words: Multi-inverter heat pump(®E] ¢ E HHZ) Transient(8]d4), Cycle simula-
tion(Ato] & #14), Linear electronic expansion valve(Z =z} 3% 1)
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Fig. 1 Schematic diagram of a multi-heat pump system.



1082 Y Y - o]FE NS - BUE - A S - Al

Table 1 Specifications of the multi inverter
heat pump unit

Specification
Scroll type
Frequency : 30~110Hz

Component

Outdoor Compressor

unit
Heat exchanger Plate fin and tube type
A Type Capacity : 2.3 kW
Indoor B Type Capacity : 3.3 kW
unit C Type Capacity : 4.1 kW
D Type Capacity : 5.9kW
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Table 2 Lists of correlations for the heat transfer coefficient and pressure drop

Heat transfer coefficient correlation

Single phase

Nu

= (0.1189 — 1.541x 10 "> T,) Re"* pr 0

Refrigerant side Two phase (condenser)

Nu = .0824Re®® . pr0¢ . pp 06

Two phase (evaporator)

Nu = 2.867 (Re®

. K/)O'Z_ K/ — _426.9 'lldx - LH

Air side a,=52.71x U}®®
Pressure drop correlation
. 2, .
Single phase flow ap = [—Zf—d%i] f=0.046Re ™"
Two phase flow (condenser) AP =2f- GXH1—x*)L - ‘%‘Tm

Two phase flow (evaporator)

4P = [f§;+(x4fnc—+§ :)}GE »
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Fig. 2 Flowchart of the present simulation.
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25 Starting operation
(o] Condensing pressure(experiment)
A Evaporating pressure(experiment)
w0l — Condensing pressure(calculation)

————— Evaporating pressure(calculation)

Pressure(MPa)

5t A _A\\\A___A__i

Outdoor dry/wet temperature : 35/27 oC
Indoor dry/wet tempreature : 27/19.5 °C

0 - m— » P— — Me— "
0 100 200 300 400
Time(sec)

Fig. 3 Starting characteristic of the pressure
for the present simulation (cooling).
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25 Stop operation
o] Condensing pressure(experiment)
A Evaporating pressure(experiment)
wh Condensing pressure(calculation)

————— Evaporating pressure(calculation)

Pressure(MPa)

5{:—1——&"1\—-5"

Outdoor dry/wet temperature : 35/270C +
Indoor dry/wet temperature : 27/19.50C

0 R

0 100 200 300 400 500 600

Time(sec)
Fig. 4 Stop characteristic of the pressure for
the present simulation (cooling).
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Variation of the LEV pulse

O Condensing pressure(experiment)
A Evaporating pressure(experiment)
8 —-———— Condensing pressure(calculation)

Pressure(MPa)
v

— — — — — Evaporating pressure(calculation)

o PR— N — — i N TR N —
0 400 800 1200 1600
Time(sec)

Fig. 5 The pressure characteristic for the
variation of the LEV pulse (heating).
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Fig. 6 The pressure characteristic for the
variation operating indoor unit (cooling).
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