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Abstract

Conventional heating systems predominantly rely on traditional feedback control mechanisms,
which exhibit delayed responses and struggle to adapt to dynamic thermal load fluctuations. Their
uniform control strategies also fail to account for spatial variations in room-level heating demands,
resulting in energy inefficiencies and suboptimal thermal comfort. To address these limitations,
this paper introduces a dynamic load forecasting and terminal control method based on spatial dis-
tribution characteristics. By predicting the building’s overall thermal load and distributing it among
individual rooms, and further classifying terminal units according to zonal thermal inertia differ-
ences, the approach employs on-off compensation strategies to optimize valve operation sequences.
This enables precise, on-demand heat supply. Experimental results demonstrate that the forecast-
ing model achieves a low mean error, with both NMBE and CVRMSE indices conforming to standard
requirements. The average room temperature remains stable at 18°C, validating the effectiveness
of the proposed method in enhancing both energy efficiency and thermal comfort.
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Figure 1. Overall technical route of room-level heat load prediction and terminal control
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Figure 2. Hybrid model diagram
2. RAKREE

2.1.2. MR HECNE

AHIF TR I A AR S A 5 1) A G AT G 0 B A o 3 {4 ] DesignBuilder [14]REJRBINEE, Fedll
G T BHEER SSRGS EEE . A, BATEHHE T S Z R GHAE 28 AR OFR,

JERE R AT AR N, R B AR B S I e A R A B . BT 1R B E AR A BCE R A R(Q2):
0, =0, W, M
- J'OTQA}dt
jo 0 dr
FRYE S P AR E R, SRATE BT sl s R m e . o A=A Xk ARG AR,
A XIE AT O PER B K. 5IZBZ RO ER L . M AREEREA—A 3 x 4560, W
AR@FR, HPR ZIRERE B A= —. ZHEMEEES S, B A XKEM R =4 %

(@)

0h=0 K, 3)
K=[k k, k]= m )

I PR B K R XIS AT S AT R A A I e kg, an A S (S) P

DOI: 10.12677/hjce.2026.155142 326 TARTH


https://doi.org/10.12677/hjce.2026.155142

k=2

Oy

%?¢@Eﬁﬂﬁﬁﬂ%ﬁ%%%ﬂiﬁnm,H%%ﬁﬁ%#A%%ﬁﬁﬁﬁoﬁz:mwb%

FEOLT A B X33 A 4 5 5 1) B A A7 ey ] G ek 1% 5 R T AR 5 0 o R B3l A, o DA P (] [X 3k e T AR
ris, ae)iis.

)

0.,  ifz=left

0 = Q}‘R if z =right (6)
i o, ifz=midde
Bt X e A B AT X 35k, i A L AR AT 20 R B AR ke, R IR PR SEN R B R A B o AR AT 4
B FE A 2(7) R TR
% illfz l.llfn
ié{l ié{z ’;{n
e @
iy iy iy,
B S AR A7 A T 25 ﬁ%ﬁ@ﬁﬁ?ﬂﬁﬁ%ﬁ:@éé;A

2.2. BT BSIE4R A G T T B 4% T iR B4 1 SR

RPN R G A B & IR N E A AL, FBCRRIANG . SFEEA L. ik, AT
Bt T 53 [R) R S A T P 22 A IR 7 58 3l 0l SR s B v e i TN R o g TR ARG oK, S
FARFE )BT, 6 A S 80 9% St 7 I DB TR ). SRR ST IR G “ BRI L Bshma iz 1R pR, Sk
Bl H . RERHRTTH 5 & G VE e 1 H AR

2.2.1. FEXIEHRFEHT

B E IR UAR LRSS PSR, AR B i E . X SviRis . Rk
P N AEIR A5 2 R ZR U o DAY (ERR 5 (R 8], A v W s 45 5 il R JS 35 PN 3 P58 10 7 S E B
FERL, T2 2 I R S Ve S AR 2R R RRAE o« 2 REFRVBE IR 1) 5 1) T FE B AR W] DAL — > — B bt i
:%é}ﬁ:

T(z):7;0+(7‘0—Tw)e'£ )

e, 7 () Jy o W20 5 RN nﬁ@%mE,TﬁﬁﬁﬁE,rﬁmﬁﬁmf%ﬁ

TE Ay 55 () WAz o, ARV ) B0mT P TR B A i %), e G AT 5 45 e SR (AN 0 2R
ATV I 8] R 5 ¢ A1 R R AR B2 T i 7 3 P AR IR . B BIE R O VRS R UL B85 IF
SER (AR B O IIARL R GE R R o AR HR A [R] DX 3P VB T B (] B R 2

C
= (€))
Hrb, CHMEBNRTENIMEIRGES, 1/°C: U LR RBERRE A, @ E3kee, C: 4 54

FHIHRL, m?.
BT SN R DX 380 DA S 2% X SAE T A S A AN R B R i SR AN ] o (RIS AN TR B, 8 DX 2

DOI: 10.12677/hjce.2026.155142 327 TARTH


https://doi.org/10.12677/hjce.2026.155142

i RS R 22 5 25, 20 I X A o) S et 7 AR s A ) I 1) B ) 7 s AR S X I 1, BhAS TR
i 75 [ 16 1 ) 3 B

AR AR B RN, S5E SLPRIE L A AR R SCIR I 2%, Al REU ML R LR (RBVBE . rhaEdh
P BRI . S REYE[15]0 XT3 E R B XI5, PTRER B AT IS Z1 s T #eBi it /N X3, )]
DA% SR A Z, S SRS A R 4 o BTN R SRAZ D RERI 43 B il X RN IR A DX P R R AN [] [X 45
R 22 S e T I WA ) SRS T A AR, LG R R R R . R A X — 2P A
TBE TR oN IX RSN R X380 F 2 I8 X CRSFUAZ 0 X 350) o % X I IR AR F 31 e v 1
XEEETVIANZ, IR EL X % il RS2 AN R IR B R, SR A A s O 35 . TR R A X
ST s A Xk, BEA B2 M st m A B B e, AR mfhiRteae, Smfkoe, A
R AEXT R . #R¥E ASHRAE Handbook-Fundamentals (2021 i) [16]PA K AHISCHERI LS, AV H AN IF
DX gl A P I () 8 i mT LA S AR B, e 1 o

Table 1. The thermal inertia time constants of different regions and their typical response characteristics
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Figure 3. Schematic diagram of terminal controller
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Figure 11. Room heat load ratio of left, middle and right areas
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Figure 12. Prediction of target room heat load in each area
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Figure 13. On-off control diagram of terminal rooms with introduced control strategy
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Figure 14. Room temperature variation under different control strategies
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