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Background & Motivation

= Background

* Energy consumption control

* Information management

World Energy Consumption by Sector,
2012 (EIA Data)
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Lack of energy efficiency evaluation
of the working-state
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Modelling & Simulation

= Modelling of ARS by AMESIm » Simulating based on the basic working range

) ) Working Working
Heat exchangers wall material (aluminum) Component | Parameter Component Parameter
Condenser range range

@ R717 th d i rti [ — -
, ermodynamic properties é é -M ;::"n::tt;fy Psuc(MPa)  0,10~0,30 Toqin(°C) 20~35
e (7] i ) .
Condenser Pais(MPa) 1,10~1,50 Throttle Tta,0ut ("C) L=
Tsuc(°C)  3,0~6,0 ISCEUSTUM  Prin(MPa) 0,8~1,4
Compressor [ETN GO RENCT e vaive Peout(MPa)  0,17~0,35

K¢ (%) 10~100
Teq,in(°C) 0~-3
Tea,out (°C) 4~7
Tow in(°C) 7~10
Tew,0ut (°C) 2~5
Tepa (°C) -15~5
05, (°C) 2~15
m,,(m3/min) 3,39~4,71
mgy(m3/min)  5,30~7,66

K:(%) 10~100

Tou (°C)  25~65
Poi(MPa) 0,15~0,30
Teq,in(°C)  55~85
Tea,out(°C)  20~38
Tatm(°C)  -5~38
Tew,in(°C)  5~22
Tew,oue(°C)  9~26

Teon(°C)  20~40

Moist air source

Evaporator
evaporator

dobelasts | €lementary
geometry

Evaporator

Accumulator
Condenser

Ceva,WmAt

° COP — Qeva,w

Wcom +Wothers Wcom +Wothers

Reference: https://blog.angel.co/12-startups-to-join-founded-by-ex-google-engineers
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Influence Degree (%)

Modelling & Simulation
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= Selection of Critical Parameters
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Compressor  Condenser Throttle Evaporator
Psuc  Pdis  Tsuc  Tdis Teva sh Tcon Tewout Tew,in Tewin Tewout Ke Kt Ptout  Ptin
» Two-dimension matrix . :
- Standardized matrix: R = (;;)
mn
311 le Zln «  Evaluation weight: w = [wy, wy, -+, Wy, ]
© U=(w) = Tz an «  Energy efficiency evaluation value:
Uni  Um2 Umnln W= [Wy,We, -, Wep] =R-wT
where W,, is the evaluation of working status mt" .
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W Energy efficiency evaluation method of LSCW

= Fuzzy analytic hie < e > = Information Entropy (IE)

==

ler 77,

Thomas L. Saaty Determination of the

Claude E. Shannon
(1971) evaluated factors

(1948)

Determination of the
evaluated factors’ consistency

weight judgement matrix

Quantization of the
evaluation grade

Better
hierarchy

Standardization of the
weight vector

Subjective
influence

Construction oft.he Sma”er
evaluate g redundancy 'e)

Poor
adaptability

Higher )
precision
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Least Squares Combination Weight (LSCW)

Weight by FAHP (subjective weight):

_ T
WraHp = [WFl; Wpgo, WFm]

_| Polynomgrad 0

Weight by IE (objective weight):

Wig = [W11:W12' "'rWIm]T

y
O = N W R U O N W
T

» Combination evaluation model D (w): I o.
minD(w) = Xiz, ZT:l {[rij(xWFf - W}')] + [rif(ywlf - Wj)] } ; “|e ® Messpunkte
L | — Modelifunktion ||
.. f : Residuen
x,y are set to be the coefficient of wgyyp and wyg. i3
X
= Lagrange Function:
2 2
F =YX {[ri,-(wa,- =wi)|" + [ry; Gywi; — wy)] } +4A(XTL wy — 1)
L - . .[A el[w]_[B
The application matrix is defined as: [eT 0] [/1] = [1]
A= diag[zyﬂ (DI APE T SRTLN Y Ti%n]
1 1 1 T
B = [ ?=1E(XWF1 + ywyy) X Ti21'2?=1§(xWF2 +ywpz) X185, ?=15(xWFm + ywim) X ri%n]
= Solving the equation, the combination weight can be obtained.
-1, 1-eTA™'B
w=A [B + —Taie e]
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Calculation of Energy efficiency evaluation value

Evaluation values in different reliabilities between FAHP and IE

Evaluated working states

No.1 No.2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8
024 028 020 020 022 020 026  0.28
125 120 128 127 126 126 122  1.20 / e
47 44 60 58 55 60 50 40
702 662 8.6 800 785 826 700 650 }V
50 47 67 70 60 65 60 60 i
24 24 24 24 23 23 23 22 /“ﬁ\ / é Egi:gg:i:ggl
33 32 36 37 35 36 33 30 /i/ \ / - etaning
34 33 40 38 36 8 34 32 < 4 g
32 32 32 33 33 33 32 32 _/ T * elabivg
42 36 48 48 50 50 40 32 : ! -
60 -40 70 -65  -60 66 50  -40 States
10 8 13 12 11 13 10 8
124 119 127 126 125 125 120 118
026 030 021 022 024 023 027 030 )316,0.057]
70 70 82 85 80 85 75 75
= ooornprenensive evaiuadlor vaiue.

Wiscew = R -wT =10.857,0.927,0.732,0.776,0.820, 0.746, 0.880, 0.933]
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Comparison

= Comparison of different evaluation methods

Results of normalization

[0.8859,0.9577,0.8841,0.8717,0.8960, 0.8770,0.9383, 1.000]

[0.8507,1.000,0.6157,0.7037,0.7813,0.6447,0.8831,1.000]

[0.9185,0.9936,0.7846,0.8317,0.8789,0.7996, 0.9432,1.000]

[0.8780,0.9756,0.7805, 0.8049, 0.8293, 0.8049, 0.9268,1.000]
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Summary

Analyze of the problems

Modelling and simulation

() Heat wall material

(ZP) R717 thermodynamic properties

Condenser
2L | elementary
geometry

< ~ 1 1 [|Z=_==f Condenser
Compressor [1] dl
O

Influnce Degree

Selection of the critical

par

ameters

Proposal of the new evaluation

method (LSCW)

Optimized combination evaluation model:

minD(w) =
2 2
i=1 Z}';l{[rij(xij —w)]" + [ (ywi; — wy)] }

» Higher precision

Evaluation Value
o
(6)]

——FAHP

 Smaller relative error 5 ;7 —IE

Combination weight: (3,34%) o2 | —I(_:%C':DW

—eTp-1 0,1

w=A" B+ 0 A
erAe L Better Consistence 0 4 6 8 10 12 14 16 18 20 22 24
Time (h)
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m Outlook

» Intelligent efficient management system

Information
Management

Intelligent Control
Algorithm

Energy Efficiency
Evaluation

Data Acquisition

and Processing
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Thank you for your attention!

Contact:

* Dr. Chong Liu
 E-mail: chong.liu@ifas.rwth-aachen.de
 Tel: +49 0157 7218 7682

Reference: https://www.foodengineeringmag.com
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