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Model-Based Absorption Refrigeration System Optimization and

Control

Gao Quanchon (Control Theory and Control Enginecting)
Duccled by Duan Chenxu
ABSTRACT

Absorption relrigeration system is a complex, nonlincar system with sirong inlcraclions
amonyg each working device. With the cxpansion of the distdobuted cneryy market, it has
become the focus of atlention again becanse of its strong energy adaptability and s0 on.
Iowewver, it still has the problem of Iow heat efficiency, which limats 1ts development. This
paper mainfy studies the modeling and simulation of the ahsorption refrgeration system and
the optimized operation scheme.

TFirst of all, the necessity of absorption refrigeration system optimization 15 analyzed. On
basis of analyzing the inlernal mechanism of components, the parameters, such as component
eoometry size, thermal exchange coefficients and so on, are lumped to unknown pararneters,
which can be identified by experimental data osing noniinear least squares methods. The
variables which can be measured and conirolled eastly are selected as the inpul/output
varjables of the model, The hybnd models for each components of the absorption refrigeration
system are developed based on energy and mass conservation.

Seeondly, on the absorption refrigeration syslem experimenlal platiorm which 13 builll in
the Tahnratory, steady-atate exporimental data are collected to identify unknown parameters of
sach component models by nonlinear least squares method (L-M method). The results of the
simulazicens and the tests validate the effeetivencss of the modcls.

Then, in order to optimize the refriperation system, the simulation platformi of the
relrigeration system is buill by using TRNSYS sofivare. A nonlinear conslraint optimization
problem of the overall svsiem 15 formulaled by analyzing the vanables which allect the system
performance. According to the interacthon and physical constraints hetween components, the
constraint condition is analyzed.

Finally, the maximuom performance cocllicient of the relnigeration system 1s considercd as

the opiimization abjestive funcrion. The hybrid models of components are coasidered as the

i
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equality constraints of whole optimization problems, The boundary conditions of each variable
ate congidered as the boundary constraints. The penalty funciion method is adopted to
transform constraint condition to snrestraint condition. Parficle swarm optimization algorithm
is uged to solve the optimization problems. A detailed calenlation procedure and the
comparison results of system oplimizing operation are giver:.

The results of simnlations and experiments show that the hybrid modeling approach take
adwvantages of both physical and empirical modeling approaches, and each of the component
medels is not only simple, but also can accurately pradict their performance. Thess models are
very suitable for the real time contrel and optimization of industrial processes, The proposed

oplimizaion method indeed improves the system performnance significantly.

Key words: absorption refrigeration, hybrid model, parameter identification, particle swarm

optimization
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40 A] B 2E T LIS AR A SR e A 4T TR .

522 RERLHSORES
1. SRR ARIBEAER
(1) SEERE. 785018 8 0 i i A

T, <T, (5.82)
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ST A RE TR, DR R A QAR ERE A0S . B mE
FEAR, AR AR AE R, Pl e al gedeifima T
BRI, RRERS RN B R RS E.
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k, = cDyy [ i ] [ 4 ) (gﬂjﬂi] (e3)
o) L’?ID PD .ul _

HENFC. e, b LBH, S UHGPEHNT, ENAT 1 5.

SH

Bk, AT Rk, WA

Ky, = by,
Bl 2
syms a b ¢ y Hg Hwfi Mwl Tsfi Tsat Msf real;
f=((Hg-Hwii ). * Mwf+a* Mwf. “c. * (Tafi-Tgat)).A 1+b*{ Mwi./Msf). ¢},
Jsym = jacobian(f,ja b c])
Hg=[403.92 403 85 403.31 463.24 403 3] 403.38 403.44];
Thafi=[226.33 227.14 224 77 226.26 223.96 227.09 225.64];
Mwi{={0.021 0.024 0.022 £.025 0.028 0.031 0.030];
Msf=[0.543 G.357 1.547 (1.L533 0.545 1).539 (1.566];
Tsfi=[15.67 15.48 14.23 14.84 14.53 14.93 14.96];
Tsat=[11.6& 10.83 .67 10,67 9.45 10,73 10,33];
y 1=[3.281 3.574 3.845 1104 4.346 4.564 4.793];
al=1: hil=1; cO=1:
y_init=((Hg-Hwii).* MwEra0* Muf.Ac0.* (Tsfi-Tsat)) /(1 -+ (Mwf./Msf).~¢0)
Ndata=length(y_1);
Mparams=3;
n_iters=50);
lamida=0.01;
updatel=1;
a_gat=al);
b_est=bl;
¢ est=cl;
fori=1:n iters
if updatel—1
J=zeros{Ndata,Nparams),

[
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for j=1-length(y 1)
TG, FPIwRiY'e_est* (Tsfi(iyTsat{)A 1+b_cst* (MwI(iVMaf(i)) e _est)
-((Hegi}-Hwii())*Mwi{ifra_est*Mwi(i)c_est¥(Tsh(i)}-Tsat(D)})/(1+th_est*Mwi{iyM
sf(i)"e_esty 2% (Mwi(D)/Mafi)) c_est
a_est*Mwi{iyc_est*log{Mwi)* (Tshif)-Tsar(i)} 1+b_est*(Mw({iyMslE c_es)-((
Hg(i)-Hwiifi))* Mwilita _cst*Mwi(i)c_est*(Tsfi(i)-1sat(i))A(1+b_estF{Mwii{i)/Ms
ij)'c_esty2%h_est*(MwiiNMsfi)Y e est*log(MwiGYMsiTi))];
end
y_est={{Hg-Hwii).*Mwita_est*Mwi."c_est*{Tsh-Tsat))./{1+b_est*(Mwf./Msf)."c_e
st)
d=y l-v est
H=I*]
if it=1
e=dol(d.4)
end
end
H_Im—H+(lamda* eye(Nparams Nparams})
dp=inv{H_Im}y*(J*d{:})
g = J*d()
a_lm=a_esi+dp(1)
b_lm=h cst-+dp2)
¢ lm=c_est~dp(3}
y_est_Im=((Hg-Hwfi). *Mwita_Im*Mwf "c_lm *(Tefi-Tsat).A1+b_lm*(Mwf /Msf) "
c_lm)
d Im=v -y _est lm
e_lm=dot(d_im.d_Im}
ife lr<e
lamda=lamda/10
a est=a Im

b estb Im



RS2 Ae

¢ et Im
e=¢ lm
disp{e)
update]=1
else
updatel-0
iamda=lamda*10
end
end
a est
b_est
¢ est



