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Data analysis and control strategy of central air conditioning

Abstract

With the development of economy and society, the use of central air-conditioning is becoming
more and more popular in large and medium-sized cities. In this paper, we consider the real-
time control system from the mathematical model, and use the dynamic analysis method to
optimize the system.

Firstly, we preprocess the data, and use the three means to judge the change of the data; then,
according to the characteristics of dry bulb temperature, wet bulb temperature and humidity, we
select the data every seven days. Furthermore, we can get the multiple regression equation
among of the cooling load, the system efficiency, the total power consumption and the
controllable variables and uncontrollable variables, by multiple regression analysis. At last, we
randomly select some data, and calculate the mean square error of the model which is less than
5%.Therefore, the model has high reliability.

Secondly, in the case of time, outdoor temperature and humidity, cooling load and equipment
state are known, we use the speed of each equipment as the decision variable, the central air
conditioning system efficiency and the total system power consumption as the objective
function, speed, equipment state parameters, thermal stability as constraints, to establish the
multi-objective nonlinear programming model. Then, we based on the data of December 28 to
get the optimal solution by simulated annealing algorithm, and the total power consumption is
reduced by 15.29% and the system efficiency is decreased by 19.73% on average.

Thirdly, on the basis of model two, we build the multi-objective nonlinear programming model
using the switching status of each device as the decision variable, and the central air
conditioning system efficiency and the total system power consumption as the objective
function. After that, we still solve the data on the basis of December 28, and compare and
analysis, found that the total power consumption decreased by an average of 18.34%, the system
efficiency decreased by an average of 18.98%.

Fourthly, based on the above model, we use the status and speed of each device as the decision
variable, and add the constraint condition of the system state variable parameter to perfect the
optimization model. In addition, we improved the simulated annealing algorithm by using the
steepest descent method, which greatly improved the efficiency of the model. After that, we
randomly selected the data in the annex to optimize, after comparative analysis, the total power
consumption and system efficiency significantly decreased.

Keywords : Central Air-conditioning, Multiple Regression Analysis, Multi Variable

Nonlinear Programming, Simulated Annealing Algorithm
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TR T A BUKIE T TR B R 5 B

ARbrEL R kR REL RS R
R t Sig.
B b ®ZE RAMK WE VIF
(HYH) 1.150 0.471 2.440 0.015
gt KGR T 0.074 0.002 0.904 49.046 0.000 0.845 1.184
AR 0.012 0.005 0.041 2.241 0.025 0.845 1.184

W B3R, BATR LA 2 e m A R
P, =1.15+0.074-v, +0.012-db. (5)

cwp

R, P RTABKETHIR.

X EH R BT ¢ AL, nISRBOKE R AHEE . W ENEE AR
P 1B 75524 0. 0. 025, 0. 015, fEEEM/KF a2 0.05 F, ¥Weeid i B ML . FHH,
A5 Hr% R 754 0. 889, A3 S i,

& RUFEIHR
X EIEE A A B AR BT I #r, 33 R IER
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RS 8 R EEFEIThR N B A0 Hr

Aekruitl 2% Frifk 2% B Ak Z Ay
bRt t Sig.
B b RE RA R K VIF
(HE) 1.677 0.248 6.757 0.000
A HVEE KB 3 0.135 0.001 0.974 97.505 0.000 0.972 1.029
AHRHRE 0.024 0.003 0.085 8.502 0.000 0.972 1.029

i Bk, AT 2 R ETTE A
P, =1.677+0.135-v_+0.024rh . (6)
H, P, HIETEHTHE,

X (A R EGHEAT ¢ AR, IR AR R MR R R R R
R PR 0 AEEZE MK a N 0.01 F, Bl BEMALR. 0, HE5
BT R 7728 0. 964, G RCRELT .

® RAKEIHE
PATE R KR T ZRASEA B EHEATREIA M, B2 N RPREER
Fol 9 VKIS ¥ [E1 VA 43 #r

E[RE: AL b R 5L LG R

ot t Sig.
B e RE RA R K VIF

(FE) 1.781 0.176 10.121 0.000
B IR R 0.082 0.001 0.961 81.970 0.000 0.956 1.046
AR E 0.010 0.002 0.056 4.742 0.000 0.956 1.046

W B3R, BATR LA 2 T m A R

P

chwp

Hih, P, NAKREFEHHE,

X (A1 R EGHEAT ¢ AR, AR KR AE R MR R WREEE
B P AR 0 AE WK a 0,01 F, HReld BEAL. JFH, BIESH
IR 7504 0. 951, $ERERELT

& RAREIHR
TR A B B DR M B AR BT R0 M, B3 PRSI,

=1.781+0.082-v,,, +0.010- 7 . €9
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Ftk 10 ¥ KR B DA A A A 50 b

AEbriEAL R B b R 5L ik giil&
Fiai| t Sig.

B v iR2ZE AR K VIF
(FH) -73.149  12.896 -5.672 0.000

WA A EERKEZE  17.005 0.378 0.760 45.035 0.000 0.463 2.162

ARG 0.958 0.030 0.466 32.099 0.000 0.624 1.602

1 TS N e ik -0.285 0.027 -0.140 -10.382 0.000 0.724 1.380
M BRI E 3 4 6.063 0.851 0.183 7.123 0.000 0.199 5.024
TRl = 4 -2.589 0.431 -0.160 -6.005 0.000 0.186 5.390
7 Bl /K IR e -0.059 0.022 -0.049 -2.713 0.007 0.403 2.484

g B, AT AR 2 cRE TR A
P, =-73.149+17.005- AT+0.958 -v,,, —0.285-v, —0.059-v,, +-2.589-db+6.063wh . (8)
Hrh, P, ARHIEETHIIE,

LR S BT ¢+ KO0, A A ORI B 0 5 IR P AL 5%
PEACE a 9 0. 01 F, BREEI BEMR. JEH, RSB0 R 74 0.951, LA
SR

2) HFEHES
K, AT SAE A H AT MR, AR S L AR 2 (A
KA, A UAREAEEERTE AL

n n n n
W:Z F:‘t,i x xct,i + Qhwp,i X xchwp,i + chwp,i X ‘xcwp,i + Z Pch,i X xch,i : (9 )
i=1 i=1 i=1

i=1

HI S FE L B = N AR B IR RIS - = MR R AN DY AR /KR B T AR,
RSB ERIE.

3) RARBARZEREES T
LA S s E AR e, 5 B ERAT R, B3 PRI REE R
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Rl 11 AR GERE BT

E[SAN IS Pt R 4L LG
i t Sig.
B FrdE w2 AR K7 VIF
() -232.401  16.977 -13.689  0.000
AR EIRE 135.375 4.717 0.422 28.702 0.000 0.216 4.620
R IKFE R 2.287 0.091 0.218 25.232 0.000 0.628 1.592
AR 79.474 5.346 0.231 14.866 0.000 0.195 5.141
T Bl K S 8 0.834 0.065 0.136 12.866 0.000 0.419 2.384
AHEENREE 0,736 0.090 0.071 8.220 0.000 0.631 1.586
R IKBEGOIRES 26.2717 3.747 0.137 7.014 0.000 0.123 8.103
+-BRil fE 2.650 0.656 0.032 4.038 0.000 0.743 1.346

i Bk, AT 2 cRETTE A
loadsys = ~232.401+135.375 - x,,+2.287 v, +79.474-x, +0.834-v, +0.736-v,
+26.277-x,,, +2.65-db '

(100

AN [ AR HOEAT A, RIS AR B R BN N B VEAR AR ) P E YR 0,
FERZEMKF oy 0.01 T, Wt B, FH, FHSH# R 7708 0.983,
B REREST -

BB
Bl SRR AT
o
2.5
0.0
(=]
: :
| T
%%
% o
= oo
7.5
-10.04 e
2 1 0 1 2 3

[ely= frdE BT

K12 [BIH&ZE
W EEBRATTCEE, BIHSHT R ZE R 2 A IEAE-2.5~2.5 Z[a], BIFEREALFR
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ENERRDAG, A OB
4 RGEMBIT

RGN FALZ kw/RT, kw ZIREIRNL, RT 2R 7S AHRAL, a] DL
ARG TE XN GBI o

effsys =W, (11)

loadsys®

Hrb, WRARFZLINEK, loadsys 7&¥% E 3.

IRYEIX RGN G AR RAEER, m B3 R GRS 254 B 56
BB HPIRES BLGRE I H v 20208 B /KGR 72 5%

5) RES
N T R IR R AT EEE, FRATTE TN 7 iR =N
i(.):i_yij
0.2: i=l - )
2

ﬁ¢,xﬁﬁ$%M§,ﬁﬁﬁﬁ%i%ﬁoﬁlﬂiﬁ¢,%&<mﬁyﬁmMﬁ
PR AT R e i m] SR

AV P B Jm () B BEAT (B U5 3, P E e o S R s AT AR R AT SR A, JF
RAER P45 K5 B Z B 505 R %, AT DRI BU R 45 2R

Tk 12 RETR

n A 2 n
AR Z(yi_yi) Zy,z o’
i=1 i=1
MFEH 851444. 66 24475166. 32 0.035
KRGB 955. 53 19624. 59 0. 049
R ES 0.03 0. 86 0. 037

B EERT DA N, SRR, RERANE. REBCRITEL/NT 5%, Hit,
FATT LV RIE T 1 iR =
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2.2.5 HRRTEANGHHRMELIERER

(1) AR
FET R I AT, 0 FRATI H AR R Bl ok SRAR B L A0SR A A 7 TN AR AT U ]
1) BiRREHHE
XH, ARAEHATSR RPN, 6 ) E AR R
> ARGUESAEHR R RN
> RGBSR VL AR REN

BE, AERGREREEERIRTIR T, MiZ/n BERE REIRAHFE. AR &
H s AR T RGURCRIE S AL R A LR, NNk RGRCR Rl e,
B RGRCRBARETCIR DN, BN IS0 2 R IR M L — € A, HIH
RER L RGACRAE —E W EI AR AT RE DN K, X ARG AR ERY, HE2A8)
e/

LB VAL IS /N
min W = f(v,,x,)
min effsys '

(12D

Hrp, W RREAERE, EARAREESRAHENRE; v 2SN HE, £=1,2,3;
xSEWERIRESEL i=1,2,---,12; effsys NRFE.

2) RIRZEL

AT 52 H AR R E AR B S B R, DR R B ) R TR R AR B
BATCAA KRG . A K IR A H 5 KR T = AN B N . N ER
ALY, k=123,

3) ARFMHa
RH, AN REELA R, BRREAR . RYFE LR =I5 #4724 .
> WRFEERAR

IR L VR IR IR B R A1 X e o = e i g A Y TR B ), PRI, AT
0<v, <100,k=1,2,3.

> WRERETLR

M T B HPRE D ATFASE, FATTLL 0 Ron B &AL TR MPIRES, B 1 Ron e it T
TARIRES, MRS x, N 0-1 228, NifLxy, =0or Li=12,--,12,
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> RGREAR

N T BT B A IE 3 T, RAHCPHRRIZE K, i 28 0H SOk, Fefi 14
UL FLIE: hbsys < 5% . [, 456 A KRB GURTIESE, BB A& 0 SERI 2/
TRENRPLSP,,. .

v A, BATRSIIT % B ARG R,
min W:f(vk,xl.)
min effsys
loadsys =g(vk,y,-)
effsys =W [ loadsys
hbsys =h(v,,,) : (13)
s.t. < hbsys < 5%
P <P . i=12,.,12
0<v, <100,k =1,2,3
x,=0o0rli=12,--,12

Hrp, wqRREBFEE, \THARK (5) - (9) K15; efsys NRRRE: loadsys NARS:
RAGEG hbsys NRGINTAT: BN i KSERRDIZ, P, NRE 1 EUEDIR: v,
RWREE, k=1,2,3; x, BESERESE, i=12,--,12.

(2) HERBEIZE

X PSR N 2 H ARSI R 1), AR R E T SR ELOR AR, Y
BERATHG FL Ay 5 H AR ISR AR, 32X HELR AR H v bR B (O N A SR 2 AR IR TR

X HAR B AR GRS EANE — HAR R, SEXT S I e I R RCRIX— 45
m FRATRZ B AR RBUEACR AR M: REMERTET RGRENR/AME, KGR
B GURUAR ) B/ IME BAN T3 30 SRR PR A i it 14 2R 98 R i) e/ IMER R R,

M, A3 200N Al i AR A .
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min W = f(v,,x,)

loadsys = g (v, ;)

effsys =W /loadsys

effsys 2 effsys,,;,

hbsys =h(v,,,) . (14)
hbsys < 5%

P <P, .i=12,.,12

0<v, <100,k =1,2,3

x,=0orli=12,---,12

S.t.

FEXE B IR TR0 IR ) e 2 ) SRS ASE AR, AT TR LU A R A R S —— AR K
Bk, 'EEdET Monte Carlo IEAUSKAR SIS (1) — 5 K BN R Sk, NMATBLR K
PR AR R B (LA, B s R S50 e/ ME

BRAIR KA H AT — Pl R S, HIRAE — AN KA 32 ) P 34 il A ) A
fufi. HEBETEAMIRJGIRE, BURGREMAE % mriR g, B8R, THR
I, [ AR T BRI BTSN TE P AR, RIS K, T S8 JNIN KL 7~ S & A
M EF, W R MR R S8, A P AT — A AR BEIA BP0 F)
R IR I8 BX R T Y RER /MRS

R K RN T e A ) SR AR I, R 740 Ja B H AR s By N Be B, A
Java B F MM EET (LMD, BEMEED RN T:

Stepl.
Step2.
Step3.
Step4.

Step5.

VGRS S H: WEVIRRE T VIAMIRAS . B4 T H 0% EL L;
XFF K=1,2,3--L. HE K Step3 F| Step5;

BEALH BV 4 3, TR LR A, U 25 AT R B0
LHIGRRER TR, WIS IAaAE, 5 4KE: T — JGaaA;
IEAREL BB i O 220 2 H bR ek 20N, far 25 8 s 75 001 4% 2] Step3.

(3) BRERMRE R

N T SHEREATAG SR, FRATUARE b 2016 4 12 H 28 HAE N3EA, @i BIE
KELEXZ AN b e AT Az ], 53 12 A 28 HEA s EE . RGN
RMEAEHRE, MoBdhin &R (LMHE=) .
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R 13 AR S T ARG . REMCRNEABLE
WKREE  WHRUKER  AWEXE  RUMERS )RS

A i - i Yok -
12/28/2016 0:00 1.7079 14.3735 99.5874 0.4849 32.9708
12/28/2016 0:01 2.1373 77.1165 78.1749 0.5706 38.4254
12/28/2016 0:02 1.6457 45.1421 90.5559 0.5187 35.2912
12/28/2016 0:03 2.5844 93.3231 71.6261 0.5796 40.0520
12/28/2016 0:04 0.0257 31.2971 60.8005 0.5627 39.4529
12/28/2016 0:06 0.2226 40.1118 97.0384 0.4889 33.4312
12/28/2016 0:07 1.0589 84.4804 93.4927 0.5087 35.4974
12/28/2016 0:08 49531 26.5154 98.7868 0.5635 38.8306
12/28/2016 0:10 2.0982 91.3273 95.7305 0.5319 35.7712

XHE, RAITEBAE B RS M FEH B RGBCE S 5 R IBUE TN E, 15 H e
HE PN T 15.29%, REVEFLEITFE T 19.73%, 18340~

SHE B T [R) AR AL
ALE B FE

350

U p B re & |

300

250

BB/ (kw/RT )

150 -

NFE

100 -

50 e |
’w"M;W/uW"M.WW\WWWWW‘VJ,]/ !

0 | | | |
0 5 10 15 20 25

B 7] /h

B 13 RE HE B P N ) AR 1
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R YR BE AR 4l

1.6

1.4

1.2

N
T

RGUZEIWIRT )
o
(o]

o
(o>}
=
e
=
=
=
—_—
T =
—
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==
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o
o~
T

| RUERGME —— RAHRGNE

U \‘)‘ ]

o
N

| | |
10 15 20 25

i [ /h

B 14 RGERCRRER R AL

AENNNIE I RGRCER, WO RSHE, R RGIEEEM RS
MR AR BAR T A 2 B 98, BRI S e FPIRS A R A . DL 7

BRI SR 5 A R

2.2.6 HRREBAMARFRSERRRULEER

(1) RAERIR S KRR

ST R BRI T, BRATR REAR R AT 7B, A EII0E 2 H AR VE A -
min W :f(xl.,vk)

S.t.

loadsys = g (v, ;)

effsys =W [ loadsys

effsvs = effsys,,

hbsys =h(v,,,) : (15)
hbsys < 5%

P<P, ..i=12,.,12

0<v, <100,k=1,2,3

x,=0o0rli=12,---,12

Hr,  effsys,, NRGBCE R I/ ME.-

FEXE EIARRY, A SO DL IR K EEIRACRY (ALY, fEC R[], =4
IR EARSE VoA BRI KR e Td . ¥ Tk 7K IR B SR A1 5 X i BB R 1S L T
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e B HIRSE S HL
RSV EHESL/ I

T4
v
XA A 8 HEAT ) Uk

| &

v‘
WAL A2 B — AT U A A
X, HHEHA A‘f@ HHHAX)

REMLAE B — T EX 7,
FETHH @i&%ﬁlﬂX’ )
HHEAAX " )AX)
v
Y—— 40 ——N
BUCHRX=X" , Metropolis )
f(x):JI‘(x 7) %%Zli%ﬁﬁa’i
v
BRI — e 5 GG
Yy
il s IR
v
gER

K 15 B K E VIR E

(2) BHRIERS T

N T EERSHATAS S, FATIAPR L 12 H 28 H B Enisf (8] EAMEEEREREE . ¥ HI7
BN K I . Vo Bk 7K ZE B T RN VA AN 8 XU B i R e M BB A C A&, I
1B K EVEIZ A R frh e Sl g AT e s, 1538 12 A 28 HENMNREATTIRE. RS
WMEMSFERE, WMaofdEu ™R ORI .

T 14 U HIEEE NSRS
BEAE B ENIE B IKIR VK 3%

—_ O O O O O o o~
S OO OO = OO O
S O OO OO OO oW
S —m = = O = = O | =
S OO OO OO OO
S O O O O OO oo
e e e R en i e i eo BN« I I \S ]
—_— e e e e e e e e 9
S OO OO OO = | bk
—_ 0 O O = O O O O -
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X, WATHIAL G RGEFEHREMN RGERCER S FERBUE ST XL,
HE T RET 18.34%, KRR TFLITNIET 18.98%, B3| FxTELK.
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| |

I
— ke EERE
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NI IE I RGRCER, WO RSRE, R RGIEEEM RS
MR AR BAR T A 2 B 98, BRI S A e FPIRES A R A . P eE 7
AT SEPE 5 A B

2.6.7 HRREBAMATEERI KRR

(1) RIS KRR

)84 SRIF AR EL, g 2 E b, 9 B B AL e S EE R
. A, BRI ) 4 K0 A 0] 2 RN A 3 RS

FEFER 4 T, REACER N OB IRS M Be Fed, RE I LR LA LR 2% A

>

>
>
>

AR TIFLUR 2 /N LA AT L/

BHREFRRZ REEITXK 6 K

GROENNEEAEVOR 5 =t = b & SN TRCT  YEC 21N NS S N EAER A2 AE )N
R -
min W = f(v,,x,)
min effsys
loadsys = g (v, ;)
effsys =W / loadsys
At=t,—t,>2,i=12,.,12
P<P

i i,max ’

24
DX, <6,i=1,2--,12 : (16)

st 40

hbsys = h(vk,yl.)
hbsys < 5%

0<v, <100,k =1,2,3
x,=0orli=12,--,12

Holt, b, B MBI, 4 N B AR TFR N T P ONES § AN B4 SR
I, P WE | MRAHE T

FARRBR A )RR S, DRI BRATI R f T i o BB K S AT etk
Bl N R AR, EHE BN ERER . M (o) TR R a, DG
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—Vj(a,) &—A &, HITHE j(a) WD sRTTIA . ol T R A2 DL R 7 1a) 94
RITIA), SRl R Pk B, KBS, A .
B FE R BV T SRR R WA R BB 7 PSR AR M, SRR ARy
a. =a, +pS5Y
Hor, §OAEBREAITN, p, ZoRBhETT A ERE R PK
BATFIA Java w508, SCIUBEROR K EE LA .
(2) HRBGER N

RN T IR AT, FRATT AR R b CLRITR] . SAMREE AR . A5
PR R N A&, IR K EEZ A T R el B T A g ], R
WENPIRZS . Fil. REVEMSFEREMEE, WKL, BITEIAER RS EFE
HEMNRFENEE FERNEEHTH I, FHSFERE I T T 41.55%, RGEMEF
IR T 41.56%.

TAVREAME A 12 A 28 H— KA AR A E/MNEERIEE . AH 8% E
BamEo e, SREE S DR ETFIAREREMNE S HEE, FHBRIE R RERCR
AT AT

BAVE JZ LG B B P R GRS TR SR rdt T b, 52T E.

S5 R T ] A A

350

I I I I I I
A e

300

SR E kw

\ L L L
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f [6]/h

B 18 AR HE B P N ) AR A 1
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AT SEPE S A B

3. &ig

ARSCHE SR BRI AT AR B, o A EHSEATE I, RETIN =
MMt el TR . JBERIREE . MR . AR AR ENKEZE . SR,
A HNEAM R GERCR RO AL =IME 2 B, e oS AT 0120 1 K, R X L
it 2 A _E R EAT H A I

N T 6 T AL R AT R A0, AT i TUAN A B 0 D/ 1 K0 i
LA g B R 4 LRI LA I 2 B 4 P, R B JUAV A B B R B, EL TR
L SRR T 2 SRR IUTE 15 WA 4T, MR RE I BARAA hHUTE 15 /e 47, ol
TRATZ AN BATH T A HAEIAT R, TR AN & 0 TF SR A 730
BRSO, BE 12 MRAN 4 ADSILL A AHE 2. WK 2. BEKE 2. B
K2, BAEE 3. B 4 BRI K, BEEE 1L AKE L B
BRI 3 2%, AHIEE 2. KR 1 K,

FATRE 73 e —F A LA e IR AR 1R Ak ack th R AT D S A T [ ) o8l o Jid
B3 T, AT P EK IR 5 7% KR A M AR 2 ARG, W R TR S
o HIEE R e TMTAR SR B S IEAR R, Y /KR T 5 1 7R B s AR R E &2 IE AR O,
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FIHA LRI E INERESEANERRZ MR R o, FATHRREIE S P
SRR REAT A, SRk R A HER T

XSO =AU AL, SRATEESL 1 A R G i NS I R 48 A R R
N A AR 2 HARARLAME R, ARYE SRR B, AR @SN AR LA R %
(G

S, DAABEKIR . WKIR . Y B B A 0 XU e O o A, AT
HRE T BRI BUE T L R IRESSHEUE . A M BN 2R, JF BB
Java 9 587 SEIUBLILR KB, LA 12 H 28 HIBdE LA, SR ARt st g 5 i a6 4k
PEREATXS EL T, RIS FEFRE T R IE T 15.29%, REHCETH NET 19.73%.

FE=, DIABIKIE . AKIE. BEIZEE A HEE I OORS AR &, DLk
FREMIUETE R . WARSSEIUE . e e R @S LR &, N Java gi 512
P SEBUSE LR KB, DL 12 H 28 H AR AR TR g, X LL o BT 15 240 5
FEFL BT RBFT 18.34%, RAWCRTH TR T 18.98%.

VU] A, DA BRI VR KR 18 J2 BT AN EE IR SRS AN O TR SR AL B
FEEE . 1A TP ARRPFRTIR T, IR T IR IRBORI N 8] [RJ B S5 A 2T A 2 A, SR
PRI TN T foe i N B R AR OB AT Ot $R T BARIRCR . DA %K
Ya Ak, HEATORALSRME, JHEFRBAETYINE T 41.55%, RERETH FET
41.56%
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