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Experimental Study on the Pre-cooling Control Strategy of Central Air-Conditioning Systems
Yuan Xiaqging! Yuan Zhongyuan' Gao Bo?
( 1.School of Mechanical Engineering, Southwest Jiaotong University, Chengdu, 610031;
2.Sichuan Institute of Building Research, Chengdu, 610081 )

[ Abstract] Using actual office buildings in regions with hot summers and cold winters as subjects, experimental research
validated the practical effectiveness of the pre-cooling control strategy and systematically analyzed its patterns of load shifting. By
synergistically leveraging the thermal inertia of building envelopes and central air-conditioning system control strategies, this
approach shifted peak-hour cooling demands to off-peak periods with lower electricity rates, achieving optimized load scheduling
across time dimensions. Experimental results demonstrated that this pre-cooling control strategy reduced both load and energy
consumption during peak electricity periods: the minimum load reduction ratio reached 3.5%, while the minimum energy
consumption reduction ratio was 2.6%. Furthermore, the effectiveness of peak-hour load reduction increased with lower pre-cooling
temperatures and longer pre-cooling durations. The study also found that reductions in peak-period load and energy consumption
often came at the cost of increased load and energy consumption during other time periods. However, under certain operating
conditions, reductions could be achieved without sacrificing load and energy consumption during other time periods.

[Keywords] Pre-cooling control; Time-of-use electricity pricing; Load; Energy consumption; Experimental research
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Table 3 Experimental design matrix of test conditions
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Table 4 Error Metrics and Their Limitations
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Fig.3 Outdoor dry-bulb temperature comparison chart
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Table 5 Summary of calculation results comparing test date and base date

GISEM e W Bt BB A7 N B BEAE 4RI BLSLA SR BUELRERE
Hl T oy B HIl T 5y Hl T oy B HIlS 53 L
7TH31H  7H28H 27.064% 19.134% -0.8% -4.5%
8H1H 7H 16 H 18.395% 19.795% -3.4% 4.5%
8H12H 7H9H 10.043% 28.854% -17.6% -1.9%
8H1BH 7H21H 3.484% 2.603% 1.0% -1.7%
8H19H 7HI10H 5.404% 27.089% -29.1% -0.9%
8H21H  7H25H 15.879% 18.856% -13.8% -9.6%

VE: R F AR TR H R 1 40 L

RIER 5 RIS R, LT iR 5 s
MR T R S, 152K 8 Rt R, o Hrl
A, YT R O 18°CE 25°CRY, HZEA
L,y U BT B2 14D 871 1t 1)k 7 7 B I 4% 1) R 1 1
b Bbe H—J5TH, TS K E N 3h.
7h B Oh BF, g YRR BT 0 b 380 I T L P B
RN, Bribz 4b, MR S BT LUK I H ey Vg et
B0 70 A B R K 1) 11 DR 2 AR AT T 4 R B
it BLREFE . AL, 94775 REm /N b4 Fr 42 R
B B A7 47 B AR FEAS I 1% 0L

304

-m-T=18C
27 -@- T=23C n
-A-T=25C :
244
X211
E=STE A
R /'
i 15 " ,
& /
=124 /
7 °
94
& S
[ re
5] U
0 T T T T T T 1
2 3 4 5 6 7 8 9 10
Femg it (h)

8 SUERTERARTHIRE 2 LLREFUS I HI SRR T
Fig.8 Percentage of peak-hour load reduction varying
with precooling control strategy

XF R I R SR ERE RN BT R, R
Bk G0: H A2 Fe e eI B REAB MR T 2R
{E AR LA I S s IR 7 2 BB 2 . R A
k-

B, BEAMEH R R R R AT IR R .

DU RERE NS, TN Z M 2R, W K
INEEAE H 3 IE R

WK, BHRGSEERE OUHE FHLREFE A
IR T a0, B2 LA RE R % (COP)
S, T COP ANV G A E VI . AWFA
BARAIE T3R50 H 5 X B H A G4, H
RARAFRE H 2 MG ES. i, 8 A 12
H5 13 H =S FERIR E  7RR 204 2.987, °F
YRR ZE N 2.514, mER BURZE LR E, W
Kl 9 Fris.

457 WA (8H12M)

—o— i H (8HI3H)
424

FEHFERIBSE (°C)

9
=
1

)

T T T T T T 1
00:00  04:00  08:00  12:00  16:00  20:00  24:00

I i)
9 WA A 12R) 5K®A BA 13 B EST
BROmE 2 E
Fig.9 Outdoor dry-bulb temperature curve for test day
(August 12) and test day (August 13)

B i, BRI 25 ) B A AR AL R 2 B T 16
5 FEE H B T b, M AR . e
oA LB, AH SRR G E AT 9 2RO R AR
F5%AM



«394 « EATRS

2026 4F

gi b, e DA H 2 T R BN
SREAERAZ B COP KAMB AR S HAALHIILH
SN, AL T A 2 B0 G A7 PG 7T 2 B S 7 B £ R
o

4 Zhig

SCEE DL AR A T U IX I S B I 28 S SO T T
X G e A 6 96 IE 1S A 47 1) SR ) S B R
A IR 45

(1) EIZIP A IR ST 12 1 s, B
B H SIS AT AN REAEAE FH HL v I B 242, BT
e FH Fi e W IS B S mr R e RE G A% 2 H PP B
I L v U SO PR A7 A7 B9 T 7 LB T4 4% i I A
Five Pt B S U — e MU B IR 20 LR
TV PR I AR N i K, T4 42 1) T 5 P ik
NTITRE K o P SR 25 U 2R 00 A REAE £ P L s R R B 1
FIUBR F7 73 b AT an e A

(2) fEREE T, I A ey e B ) 0 A AT
REAE FA F sk AT PE 4 R e B iy A REFE 9 AR
i, B W, 57 R RERU N B LERR 2 R BU
ANBEFEA IG5 L

B k-

[11 LI B, YOU L, ZHENG M, et al. Energy consumption
pattern and indoor thermal environment of residential
building in rural china[J]. Energy and Built Environment,
2020,1(3):327-336.

[2] ZHOU C, FANG Z, XU X, et al. Using long short-term
memory networks to predict energy consumption of
air-conditioning systems[J]. Sustainable Cities and
Society, 2020,55:102000.

(3] B BRI RIS AE K 41 (2020-2030):
o ] 2 0 A b R IR s & 2 [R]. VR FE AT BT,
2021,01.

(4] B8, i, B e L T K 5 SR IS AT RO AN 72 P )
(U A E I i A A S SR AR I T
H,2022,24(3):1-8.

(5] ORAE, v, I 120 T 1) 7 SR i 2 82 P ) 2 3 A 22
8L il [J]. H 0 A 48 E 8016,2016,40(14):158-167.

[6] TANG H, WANG S, LI H. Flexibility categorization,

sources, capabilities and technologies for energy-flexible

and grid-responsive buildings: State-of-the-art and future

[10]

[11]

perspective[J]. Energy, 2021,219:119598.

WANG H, WANG S, TANG R. Development of
grid-responsive buildings: Opportunities, challenges,
capabilities and applications of HVAC systems in
non-residential buildings in providing ancillary services
by fast demand responses to smart grids[J]. Applied
Energy, 2019,250:697-712.

RAN F, GAO D ce, ZHANG X, et al. A virtual sensor
based self-adjusting control for HVAC fast demand
response in commercial buildings towards smart grid
applications[J]. Applied Energy, 2020,269:115103.
TANG R, WANG S, SHAN K. Optimal and
near-optimal indoor temperature and humidity controls
for direct load control and proactive building demand
response towards smart grids[J]. Automation in
Construction, 2018,96:250-261.

TANG H, WANG S, LI H. Flexibility categorization,
sources, capabilities and technologies for energy-flexible
and grid-responsive buildings: state-of-the-art and future
perspective[J]. Energy, 2021,219.

MENG Q, LI Y, REN X, et al. A demand-response
method to balance electric power-grids via HVAC
systems using active energy-storage: Simulation and
on-site experiment[J]. Energy Reports, 2021,7:762-777.
JOHRA H, HEISELBERG P, DREAU J L. Influence of
envelope, structural thermal mass and indoor content on
the building heating energy flexibility[J]. Energy and
Buildings, 2019,183:325-339.

HIRMIZ R, TEAMAH H M, LIGHTSTONE M F, et al.
Performance of heat pump integrated phase change
material thermal storage for electric load shifting in

building demand side management[J].

Buildings, 2019,190:103-118.

Energy and

Chen, Yongbao, et al. Measures to improve energy
demand flexibility in buildings for demand response
(DR): A review[J]. Energy And Buildings, 2018,177:
125-139.

STINNER S, HUCHTEMANN K, MULLER D.
Quantifying the operational flexibility of building energy
systems with thermal energy storages[J]. Applied Energy,
2016,181:140-154.

(TF%%2E 459 T



