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MODEL-BASED ROBUST DESIGN METHOD OF
REFRIGERATION SYSTEM

ABSTRACT

Refrigeration system simulation technology has made considerable
development in the past decades. [t has been widely used in the refrigeration
system design, building  air-conditioning  system  design and controls,
Simulation technique provides a virwal laboratory lor product design,
However, only a laboratory 1s not sullicient Tor designing a good product,
There are a set of advanced product design methodologies, Robust design is
one of them, which 1% a method to optimize the product quality based on the
uncertainties. The developed countries have achieved tremendous economic
henefits by using it. The traditional robust design method 18 mainly based on
experiments, however, based on accurate and reliable engineering models,
all kinds of product design methods can have more comprchensive and
in-depth researches and applications. IHowever, in refrigeration and
air-conditioning  arca, how 10 combinc  modern  product  design
mecthodologics and simulation technoloey has been barcly investigated so
lar.

In this work, the author first proposcd the model-based robust design
mcthod of relrgeration systems. and cexplored its application in product
design. The work coined a novel design patlern using the simulation theory
and product quality design method, wlich would help m-depih analyze and
improve the quality of product design process. The main contents of this
paper include:

1. The model-based robust design method of refrigeration systems was
proposed. This method is the extension of Taguchi method. Firstly, the
advantages of Taguchi method have been kept, for example, generity and
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easily checking the analysis results step by step, meanwhile, it overcomes
the weakness of unable to predict the product quality and its fluctuation by
miroducing the engineering model into robust design. For combining the
modern product design mcthod with the refrigeration system simulation
platform, MATLAB as well as its optimization toolbox and statistics toolbox
were applicd to develop a integrated simulation platform.

2, The requircments of robust design on ithe relmgeration sysiem
madeling werg in-depth discussed. In lerms ol the requiremenis. the
refrigeration compongnts and system models were developed as follows. All
the models have been well validated.

a) The tin and tube heat exchanger model was developed. To capture
the misdistribution characteristics on both refrigerant and air sides, the 3D
mode]l considering flexible wibe circuiling was proposed. Model validation
indicatcd the simulation crrors of heal exchanger’s capacity are within 253%,

b} A new “grey-box” compressor model - efficiency-loss based model
was developed using polynomial neural networks, The nenral network
architccture, input paramecters, and transfer function types were carcfully
stucied. The proposed neural network model nol only have good accuracy
inside the compressor cnvelope, but also reasonable trend predition outside
the cnvelope, and it can be applicd (o all kinds of positive displacement
COMPressors

¢} A new dimensionless neural network was developed lor adiabatical
capillary wbes or short lube onilices, which is (e most succinel model so Lar.,
The definitions of dimensionless parameters were extended from suberitical
to transcritical state, while the continuity of the parameters was kept. It
significantly improved the generality of the neural network and can be
applicd to all refrigerants including the supereritical COs.

d} A refrigeration system simulation platform was developed, which
included the design mode and the rating mode. 'or the enoling capacity and
power consumption, the prediction errors fell into =5%.

3. The model-based robust design method has been applied Lo the
l[in-and-lube heat exchanger design. First ol all, the best parameler sewings

I
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were determined by the robust design method under the disturbance of
uncertainties, Secondly, the Monte Cuarlo simulation was performed to
predict the heat exchanger quality. including the mean value. standard
deviation, and design capability index C,,. At last, two improvement
approaches of heat exchanger quality level were explored. They are shifting
the parameters’ mean values and reduction the paramerers” tolerances,

4, The modcl-bascd robust design method has been Turther applicd o a
light commerctal air conditioning sysiem,. First ol all, the sysiem level
desizn parameters were optimized by the robust design method, The optimal
size of short tube orifice and system refrigerant charge were obtained under
the interference of noise made by components. Secondly, the Monte Carlo
simulation was performed to predict the cooling capacity and power
consumption of the system, including the mean values, standard deviations,
and (,,. Thirdly, thc quality levels of cooling capacity and power
consumption, and the pass rate of COI? inspection were estimated. inally,
the response surface model of the design capability index ¢, was developed
and applicd to the component tolcrance optimization with the cost function.

[ the end, a concluding remark and outlook ol this research area were
made.

KEY WORDS: Refrigeration system, heat exchanger, model, simulation,
robust design
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