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Learning Objectives

Understand the differences of data-driven models for positive displacement
COMpPressors

Show legacy model performance in extrapolation and modulation scenarios

How to convert a compressor map from a baseline refrigerant to a new refrigerant
with lower GWP.

Understand technical challenges associated with implementing nonlinear model
order reduction approaches to Vapor Compression Cycle (VCC) applications.
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Overview

e Broad Approach

Semi-Empirical Compressor Modeling Training Data
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Find representative Codified 4 models in Hot Gas Bypass or
compressor models . ted Multiol Python plus a machine Compressor Calorimeter Collected to a
argeted Mutlipie learning implementation cited standard

Technologies and
Refrigerants



Selected Compressor Models
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Winandy Model [3] EE
Grey box model - semi empirical
Four parameters to characterize mass flow
rate, three parameters for power
Model incorporates a fictitious isothermal
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Popovic & Shapiro Model [4] )
Grey Box — semi empirical

8 parameters needed to capture mass flow
rate and power

Mass flow based on volumetric efficiency
calculation )

Models codified
in EES and
Python
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e Each Data set was broken into multiple subsets
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Data Collection

Baseline Set — constant superheat and speed points

from data

Total number of data sets used 5

Number of technologies used 4

Number of refrigerants used 4
Total number of data points 327

Training Set — subset of Baseline Data that are deemed
interior envelope points

Extrapolation Set — points with operating conditions

beyond that of the training data

Variable Speed — points with speeds different than what
was trained with

Variable Superheat — points with superheat different

than what was trained with

Example Data Set — Spool R134a
Full Data Set — all data Parameter E—
SDT 23-55 [C]
SST -23-10 [C]
Speed 35-60 [Hz]
Superheat 8-42 [K]

[ Full Data

l

{Baseline Data Set}

ATsyper = const
freq = const

Training




Methodology

e Overview of approach taken

Train the model parameters < Training Data Set

|

Using trained parameters, run the model with:

|

Error

Record Error Metrics




e Extrapolation — Testing Data

Model Performance Evaluation

Set
e MAPE - Mass Flow / Power

e General Trends

»

»

»

Winandy doesn’t adequately predict
reciprocating compressor mass flow
rate

Shapiro & Popovic doesn’t adequately
predict scroll compressor mass flow
rate

Errors in mass flow for the two semi-
empirical models propagates to power
calculation

MAPE [%]

14

12 A

10 A

Extrapolation Data - MAPE Power

Reciprocating Scroll Spool Spool
R32 R410A R134a R1234ze(E)

BE= Winandy
@ Shapiro
HEE Shao
3 AHRI
B ANN



Model Performance Evaluation

e Extrapolation Performance Summary

Mass Flow Rate Power




Model Performance Evaluation

e Modulation - Variable Speed
e MAPE - Mass Flow / Power 14 -

Variable Speed Data - MAPE Power

e General Trends 12-
» ANN does not predict variable speed 10 -
performance adequately x @B Winandy
. . . — 8- EEE Shapiro
» The two semi empirical models perform &’ E= shao
under 5% MAPE for the modulation ~ bl
data sets, in power and mass flow
» It should be noted: ’
— The Shao model takes variable 1 Bl <lods OH-boks — [oc

speed data in the fitting process, the
semi empirical models don’t

Spool Spool Screw
R134a R1234ze(E) R134a

11



Overall Performance Summary

Model Limitations Identified

[ Training Data ]

The Shapiro & Popovic

model needs comprehensive
training data to fit parameters

The Shao model needs
variable speed data to fit all
coefficients

\
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Where to from here?

[Performance Prediction]

1.  The Winandy model does
not predict reciprocating
compressor performance
in its current form

2. The Shapiro model does
not predict scroll
compressor performance
in its current form

3. ANN formulation does not
accurately predict
modulation data

Key Conclusions

Given a model predicts the technology:

1.

2.

3.

Semi empirical models capture
modulation and extrapolation
Semi empirical models capture
variable superheat reasonably well
The Winandy model outperforms
the Shapiro and Popovic model
overall

Other Takeaways
ANN approach will not be used in
model development because it does
not capture modulation
Shao model will not be pursued
because of training data
requirement and it's degree of
empiricism
Winandy formulation will be pursued



Future Model Direction

Proposed Model on the Spectrum

Computation Cost

Goal: Develop model that outperforms current models  accyracy & Trggg”lﬂrgjta
in extrapolation, modulation, and variable Performance In Depth Physics
. . . . [ ]
superheat scenarios while capturing multiple
alance

compressor technologies

< >

New Model somewhere
in this range

Black Box White Box .



Future Model Direction

e New Semi Empirical Model — Modification to Winandy
» No literature found attempts to adapt one model to work for multiple different compressor
technologies

» Winandy formulation is consistent when it works
— Literature has adaptations of this model to reciprocating, rolling piston, and screw compressors

» Presently, Winandy captures Spool, Scroll,
and Screw performance in extrapolation
modulation scenarios

» Add fidelity to capture additional phenomena

— Suction Pressure drop

— Discharge Pressure drop

I Fictitious isothermal wall at Tw ]

— Leakage

— Gas re-expansion Adaptation of Winandy model from Molinaroli et. al [5]
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