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Function of the software
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Architecture of the software
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The software is able to employ user’s compressor data in the
simulation process, and the data can be imported as a DLL file.
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Mathematical model and Algorithm

- Existing Problems ~N

1) General model can not reflect the compressor specific performance

2) Ten coefficient model doesn’t fit for the system simulation progress

3) The confidential data of the compressor can not be easily obtained

\_ J

- Solution — Developing a Product Data Interactive Model R

1) Using product data to reflect the compressor characteristics

2) Having wide application range to fit system simulation progress

3) Protect product confidential data

\_ J
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Mathematical model and Algorithm =

— Technical Roadmap
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Mathematical model and Algorithm 7
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Mathematical model and Algorithm

Compressor

— Input Power Equation
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Mathematical model and Algorithm

O Basic Equation

T 12
> The continuity equation: M= n D“G = const

» The energy equation:

h = const

» The momentum equation: —dP = szv+%%szdL

O Adiabatic capillary

» Superheated

» Two-phase
> Subcool
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Superheated refrigerant in the capillary
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Mathematical model and Algorithm

O Refrigerant side:
Qr — Hr,in - Hr,out =, - Al (Tr _Twall)
Aptotal = Apf +Apacc

Subcooling  Two-phase O Air side:
‘ — _ _
- Ref Qa - Ha,in B Ha,out =0y Aono ) (Ta _Twall)
Alr Condenser
Two-phase Superheat D En ergy eq u atl on.

—) i
Ref ‘ Qr — Qa
Y Evaporator
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Mathematical model and Algorithm

Refrigerant flow direction changes when
operation mode switches

Developed model considering multi-path flow
circuitries and multi-operation modes

Problems

» Indoor Unit
» Cooling Mode: Down-flow Evaporator
» Heating Mode: Reverse-flow Condenser

» Outdoor Unit
» Cooling Mode: Cross-flow Condenser
» Heating Mode: Cross-flow Evaporator

» Outdoor Unit has subcooling tubes, which
makes refrigerant split at different point in
different operation modes.
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Mathematical model and Algorithm =

— Existing System Simulation Algorithm

Shortcomings of Existing Algorithm
BE 1,7, 50> AL 4, AP,
v |. High demands for capillary and
FEEHLTE hi il :

T Loopt compressor matching, while engineers

Loopz | ARBITE may input random parameters which

‘5% . . . .
T, %gméﬁﬁ i AE will result in calculation divergence

-oop3 Il. The refrigerant in the evaporator outlet

AT, must be superheated, while NOT alll

the AC systems meet this requirement

Ill. Three coupled iteration loops result in
SLOW computing speed

e

Developing new algorithm

HIHEER
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Mathematical model and Algorithm

— Developed System Simulation Algorithm

Key Technique

O Mass-induced Iteration

» Adjusting refrigerant mass in each component
instead of Tc to balance mass flow rate avoids
the possibility of calculation divergence result
from capillary and compressor matching

Adopting refrigerant mass as convergent
criterion instead of superheat degree avoids
the possibility of calculation divergence result
from system performance

O Parallel calculation loop

» Using two parallel calculation loops instead of
coupled loops increases computing speed
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Graphic User Interface of the Software
Main menu and toolbar
ﬁ e - o el

: File Options System Components Simulate Results Help

FEH @

Status bar
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Graphic User Interface of the Software

To protect user’s confidential data, the compressor data is imported
as a DLL file. Only public information is shown in the interface.
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Graphic User Interface of the Software

Compressor

The compressor DLL file is built through the program template
and checked by the test tool provided by SJTU
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Graphic User Interface of the Software

O Indoor Unit

Indoor Unit Tubes
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Graphic User Interface of the Software

O Outdoor Unit
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Graphic User Interface of the Software

O System Settings O Unit Selection

Settings “ Unit Selection
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Graphic User Interface of the Software

Results
Cooling Capadity |3.144 kW Condensation Pressure | 1822.73 kPa
L\)EER 2,945 Evaporation Pressure | 548.75 kPa
SubCooling Degree | 11.83 C Ref Charge in Compressor | 210,559 | g
SuperHeat Degree | 7.266 C Ref Charge in Indoor Unit | 44.883 a
RefMass Flowrate | 18.512  |gfs Ref Charge in Outdoor Unit  |982.878 | g
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Detail Results
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Indoar Unit
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Example for 2600W AC system
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Proposal for Next Step

Development of Multi-Unit AC System Simulation Software
|.  Multi-Unit Air Conditioners have been widely used.

ll. The use of small diameter copper tube is an effective way to reduce
volume of heat exchanger, cost and refrigerant charge.

Ill. Employing small diameter copper tube in multi-unit AC system is
challenged because of much more complex refrigerant distributions and

system matching.
I\VV. Control algorithm of multi-unit system is hard to optimize experimentally.

V. Asimulation software to predict system performance is needed.

~ k: .
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Proposal for Next Step

Technique Requirement

@ Components Models and Algorithm

@ Basic System Algorithm for AC Systeml ~|What we have|

& Basic Architecture of the Software |

Develop Multi-Unit

Air Conditioner
System Simulation

Software

» System Algorithm for Multi-Unit Systeml

» Freely Import of Control Algorithml

[What need to do

» Control Method for Part-load Working Condition

» GUI for Multi-Unit System

h Association China
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Proposal for Next Step

What need to do

V.

Extend Single Unit System Algorithm to Multi-Unit System

Multi-Unit AC system has several indoor units, which means more
unknown variables in the simulation process, making system
simulation algorithm more complex.

Develop method to adopt user’s control algorithm

Multi-Unit AC system has variable control algorithms, which
means it is difficult to find a general way to import user’s variable
control algorithm and to use in the simulation process.

Develop control method for Part-Load Working Condition
Multi-Unit AC system has more adjustable parameters than single

unit system, which makes the control method for part-load working
condition is more complex.

Develon GUI for Multi-Unit Svstem
Multi-Unit AC system has more input and output parameters,
which means the GUI need to be redesigned.
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The End
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