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Research on monitoring model of time-lag cooling load for
internal heat sources in buildings

LI Ruonan' , HU Yuhao', ZHANG Jili’

(1. College of Aerospace and Civil Engineering, Harbin Engineering University, Harbin 150001, China;

2. Faculty of Infrastructure Engineering, Dalian University of Technology, Dalian 116024, Liaoning, China)

Abstract; Accurately acquiring real-time cooling load of internal heat sources is of great importance for developing
energy-saving control strategies for heating and air conditioning systems and reducing the operating energy
consumption of buildings. The delayed cooling load generated by the radiation heat transfer process poses a
challenge in calculating the internal thermal load. In this paper, the radiant cooling load monitoring model of
internal heat sources, represented by a 10th-order transfer function, is developed based on the analysis of heat
storage-release process, heat transfer characteristics, and transfer function principle. In order to simplify the
calculation process and improve the accuracy, radiant time factors are adopted to identify the parameters and reduce
the order of developed models, and a transfer function of order 2 is acquired. An experimental system is built to
validate the developed model and the results show an average absolute percentage error of 8. 19% for the model.
The developed model for thermal lag cooling load in buildings can be applied to building energy consumption
monitoring platforms to achieve online load monitoring. It has theoretical significance in describing the time-delay
patterns and amplitude attenuation characteristics of the delayed cooling loads. This model provides a theoretical
basis for making energy-saving control strategy of the heating and air conditioning system.

Keywords : radiant heat dissipation of internal heat sources; building envelope ; radiant cooling loads; heat storage-

release process; transfer function model
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Tab. Al  Radiant time factors of typical building envelope
I T AT I 22 505 B 45k 2] B 4 22 5 1/

AR BN EN %

0 1 2 3 4 5 6 7 8 9 10 11
10 47 19 11 6 4 3 2 2 1 1 1 1
AL 50 50 18 10 6 4 3 2 1 1 1 1 1
90 53 17 9 5 3 2 2 1 1 1 1 1
LSRN
10 41 20 12 8 5 4 3 2 1 1 1 1
Toh s 50 43 19 11 7 5 3 3 2 1 1 1 1
90 46 19 11 7 5 3 2 2 1 1 1 1
10 46 18 10 6 4 2 2 1 1 1 1 1
A HEE 50 49 17 9 5 3 2 2 1 1 1 1 1
90 52 16 8 5 3 2 2 1 1 1 1 1
rhFIRE R
10 31 17 11 8 6 4 4 3 3 2 2 2
Toh s 50 33 16 19 7 5 4 3 3 2 2 2 2
90 35 15 10 7 5 4 3 3 2 2 2 2
10 34 9 6 4 4 4 3 3 3 3 3 2
PR k7 50 38 9 6 4 4 3 3 3 3 3 2 2
. 90 42 9 5 4 4 3 3 3 3 2 2 2
GBI
10 22 10 6 5 5 4 4 4 4 3 3 3
ToHbEE 50 25 9 6 5 5 4 4 4 3 3 3 3
90 28 9 6 5 4 4 4 4 3 3 3 3
. AT AR 22 ke 20 353 ik 20 A 4382 st )/
BERRR BN B/ %
12 13 14 15 16 17 18 19 20 21 22 23
10 1 1 0 0 0 0 0 0 0 0 0 0
AR 50 1 1 0 0 0 0 0 0 0 0 0 0
90 1 1 1 1 0 0 0 0 0 0 0 0
UZTUB I
10 1 0 0 0 0 0 0 0 0 0 0 0
ToH e 50 1 1 1 1 1 1 1 1 1 1 1 1
90 1 0 0 0 0 0 0 0 0 0 0 0
10 1 1 1 1 1 1 1 0 0 0 0 0
e 50 1 1 1 1 1 1 1 1 0 0 0 0
90 1 1 1 1 1 1 1 0 0 0 0 0
BEEIUBEEN
10 1 1 1 1 1 1 1 0 0 0 0 0
ToHbEE 50 1 1 1 1 1 1 1 1 1 1 1 0
90 1 1 1 1 1 1 1 1 1 1 0 0
10 2 2 2 2 2 2 2 2 2 2 1 1
A HEE 50 2 2 2 2 2 2 2 2 1 1 1 1
. 90 2 2 2 2 2 2 1 1 1 1 1 1
A A
10 3 3 3 2 2 2 2 2 2 2 2 2
ToH e 50 3 3 2 2 2 2 2 2 2 2 2 2
90 3 2 2 2 2 2 2 2 2 2 2 1
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Tab. Bl  Radiant time factors of a building envelope
T R AR e 220 S 380 3 ek 220 ) 5 2 )/
0 1 2 3 4 5 6 7 8 9 10 11

1 0.47 0.19 0.11 0.06 0.04 0.03 0.02 0.02 0.01 0.01 0.01 0.01
2 0.47 0.66 0.30 0.17 0.10 0.07 0.05 0.04 0.03 0.02 0.02 0.02
3 0.47 0.66 0.77 0.36 0.21 0.13 0.09 0.07 0.05 0.04 0.03 0.03
4 0.47 0.66 0.77 0.83 0.40 0.24 0.15 0.11 0.08 0.06 0.05 0.04
5 0.47 0.66 0.77 0.83 0.87 0.43 0.26 0.17 0.12 0.09 0.07 0.06
6 0.47 0.66 0.77 0.83 0.87 0.90 0.45 0.28 0.18 0.13 0.10 0.08
7 0.47 0.66 0.77 0.83 0.87 0.90 0.92 0.47 0.29 0.19 0.14 0.11
8 0.47 0.66 0.77 0.83 0.87 0.90 0.92 0.94 0.48 0.30 0.20 0.15
9 0.47 0.66 0.77 0.83 0.87 0.90 0.92 0.94 0.95 0.49 0.31 0.21
10 0.47 0.66 0.77 0.83 0.87 0.90 0.92 0.94 0.95 0.96 0.50 0.32
11 0.47 0.66 0.77 0.83 0.87 0.90 0.92 0.94 0.95 0.96 0.97 0.51
12 0.48 0.66 0.77 0.83 0.87 0.90 0.92 0.94 0.95 0.96 0.97 0.98
13 0.49 0.67 0.77 0.83 0.87 0.90 0.92 0.94 0.95 0.96 0.97 0.98
14 0.50 0.68 0.78 0.83 0.87 0.90 0.92 0.94 0.95 0.96 0.97 0.98
15 0.51 0.69 0.79 0.84 0.87 0.90 0.92 0.94 0.95 0.96 0.97 0.98
16 0.52 0.70 0.80 0.85 0.88 0.90 0.92 0.94 0.95 0.96 0.97 0.98
17 0.53 0.71 0.81 0.86 0.89 0.91 0.92 0.94 0.95 0.96 0.97 0.98
18 0.55 0.72 0.82 0.87 0.90 0.92 0.93 0.94 0.95 0.96 0.97 0.98
19 0.57 0.74 0.83 0.88 0.91 0.93 0.94 0.95 0.95 0.96 0.97 0.98
20 0.60 0.76 0.85 0.89 0.92 0.94 0.95 0.96 0.96 0.96 0.97 0.98

T R AR e 220 S 380 T ek 220 ) 5 52 )/

12 13 14 15 16 17 18 19 20 21 22 23

1 0.01 0.01
2 0.02 0.02 0.01
3 0.03 0.03 0.02 0.01
4 0.04 0.04 0.03 0.02 0.01
5 0.05 0.05 0.04 0.03 0.02 0.01
6 0.07 0.06 0.05 0.04 0.03 0.02 0.01
7 0.09 0.08 0.06 0.05 0.04 0.03 0.02 0.01
8 0.12 0.10 0.08 0.06 0.05 0.04 0.03 0.02 0.01
9 0.16 0.13 0.10 0.08 0.06 0.05 0.04 0.03 0.02 0.01
10 0.22 0.17 0.13 0.10 0.08 0.06 0.05 0.04 0.03 0.02 0.01
11 0.33 0.23 0.17 0.13 0.10 0.08 0.06 0.05 0.04 0.03 0.02 0.01
12 0.52 0.34 0.23 0.17 0.13 0.10 0.08 0.06 0.05 0.04 0.03 0.02
13 0.99 0.53 0.34 0.23 0.17 0.13 0.10 0.08 0.06 0.05 0.04 0.03
14 0.99 1.00 0.53 0.34 0.23 0.17 0.13 0.10 0.08 0.06 0.05 0.04
15 0.99 1.00 1.00 0.53 0.34 0.23 0.17 0.13 0.10 0.08 0.06 0.05
16 0.99 1.00 1.00 1.00 0.53 0.34 0.23 0.17 0.13 0.10 0.08 0.06
17 0.99 1.00 1.00 1.00 1.00 0.53 0.34 0.23 0.17 0.13 0.10 0.08
18 0.99 1.00 1.00 1.00 1.00 1.00 0.53 0.34 0.23 0.17 0.13 0.10
19 0.99 1.00 1.00 1.00 1.00 1.00 1.00 0.53 0.34 0.23 0.17 0.13
20 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.53 0.34 0.23 0.17
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Tab. C1  Parameters of radiant cooling load monitoring models of internal heat sources
Rl Sl py 2 7Y ap ap bpo by, by

RAURE A AR L O 0.368 -0.2422 1.062 -0.779 3 -0.2352
BAER AW, Bik% L 10% 745.5 930.7 -0.434 2 826.3 -40.78
BRRIEEIR A W, Bh% H 50% 635.2 835.8 -0.359 4 704.7 31.2
BRAER A, Bh% Lk 90% 23.39 13.2 1.128 21.88 -3.119

RIS IR, JCHOEE B BS LE O 66.36 131.7 0.651 3 80. 1 -1.267
BRAER, T, B RS L 10% 42.83 92.7 0.705 53.27 1.983
BRAER, T, B h% Lk 50% 538.4 863.2 -0.349 4 611 -10.58
ALK, JCH R, B 1L 90% 745.2 1239 -2.72 880.3 35.09

rhRIBEIR A R, BBk L O -1.277 —4.646 1.046 -2.837 -0.5175
RIS A MBS TR L 10% 7 748 1 961 45.44 7 096 -2828

IR IR G 1B RS L 50% 9 379 -1392 74.94 8011 4320
FhAIRRAR A LR, B h EE 90% 9 401 398.3 65.13 8 319 -3 483

rPALEE (A TCHES B L O 1.266 -5.274 1.148 -1.907 -0.172 8
rhAIR AR JEHLEE , B H% L 10% 256.7 834.5 0.961 1 297.1 49
FhAIRRR, JTCHLEE , BB L 50% 267.6 585.3 2.183 262.6 16.68
HrAIEG A TR 4 1L 90% 138.3 4616 1.619 1531 587.8

FAUR A AL, L 0 83.82 194.1 2.607 52.59 37.1
AR, Gk 10% 40.47 27.49 1.947 18.96 2.557

IR G HEE BT L 50% 104.2 147.1 3.065 63.38 29.59
AR A, Bhk Lk 90% 596.7 1158 11.54 413.7 315.2

BRI, JCHEE , g% L O 34.69 -3.1 2.13 7.856 -3.142
TSGR, JCHLEE R EE 10% 22.01 -19.75 1.745 3.115 -4.143
EAIER, O, Bk Lk 50% 22.45 -7.933 1.694 4.964 -2.75

RIBGIR, JCHLEE , B 8% LL 90% 21.32 -13.06 1.654 4.902 -3.965
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