KIEAE Journal, Vol. 21, No. 3, Jun. 2021, pp.47-53. ) Check for updates

KIEAE Journal 1 09

Korea Institute of Ecological Architecture and Environment

CllO[E{HIE] HE of|L{2] A4S 2ot 2|H W R OS2 2n2|S NS

Development of Optimal Chilled Water Mass Flow Rate Prediction and Control Algorithm for Data Center
Cooling Energy Saving

‘i}‘.‘.‘l%“* . 3‘:_]03;“** . -ij]o\:!*** . Eﬂ°§ Q.**** . "7:) O seskeskesksk

Bo Rang Park* - Young Jae Choi** - Ji Yeon Hyun*** - Yeong Ran Tae**** - Jin Woo Moon*****

* Main author, Associate Research Engineer, School of Architecture and Building Science, Chung-Ang Univ., South Korea (pbr_1123@naver.com)
** Coauthor, Graduate Student, School of Architecture and Building Science, Chung-Ang Univ., South Korea (chlyoungwo@gmail.com)
*** Coauthor, Graduate Student, School of Architecture and Building Science, Chung-Ang Univ., South Korea (jiyuneco@gmail.com)
**¥% Coauthor, Professor, Dept. of Liberal Arts, Myongji college, South Korea (yourtae@hanmail.net)
***%% Corresponding author, Professor, Dept. of Architecture and Building Science, Chung-Ang Univ., South Korea (gilerbert73@gmail.com)

ABSTRACT KEYWORD

Purpose: This study aimed at developing an adaptive control algorithm using ANN based on chilled water mass EL' glil}‘\i'—ill
oo

flow control to provide the optimal indoor thermal environment of the data center and save cooling energy. Method: o 225
The predictive model inherent in the control algorithm uses the model developed in preliminary research. The 2| #ojdDn2|2
control algorithm including the predictive model was developed using three techniques with relearning function. To

verify the adaptability of the finally selected ANN prediction-based adaptive control algorithm, it is compared and ]C)igiigergii:r
evaluated through simulations with the existing widely applied ON-OFF and PID controllers. Result: Among the ~ , . cigal Inte%l}i] gent

three relearning techniques, the RMSE of the control algorithm to which the sliding window was applied is 0.04  Optimal Control Algorithm

(°C), which has the highest prediction accuracy. Thus, was selected as the final control algorithm model. To verify

the adaptability and scalability of the selected ANN control algorithm, the containment size and the set-temperature

scenario were changed into two and compared and analyzed with ON-OFF, PID controller using simulation. As a

result, the ANN controller showed the highest accuracy with RMSE 0.23°C and 0.24°C, respectively, in both control ACCEPTANCE INFO

scenarios. Also, It showed the best performance in terms of maximum temperature difference and energy Received May. 3, 2021

consumption. That is, the adaptability and scalability of the ANN-based control algorithm to the new environment ~ Final revision received May. 11, 2021
. Accepted May. 17, 2021

have been reasonably verified.

(© 2021. KIEAE all rights reserved.

1. M2 AZ13L QlTk. ofofl whet A AR &F IHA|, HaEA Yo <l
A B gt B8 S E7HY] A 2 Sl IT A9 Hl

L1 79 w3 9 =3 A 19 2 FxTA ol thofl thFstAl A Folm 1L F 71E WA
22 ITAIQIO) G437 IR ofo] 474 Bele] Qv °) HHO] RUS HHRIME G4 Ago] Srpstan SHL3). 2
9] 437} 223517 QJoH1]. glo|EAIE X thE Al o 7] tha U HlolEAlE = Azt 3659 F5T 290 2jndy 9 BTt
H] AZE22 20204 7|2 A AA A8 2] 392 2125k 9] o1 AA Al F7ha} F29] A ko] Hot 714 AH A s Zrte]

s

L

N

N

i

5

ol o
x 1

o] OﬂLill*tﬂ A2 ZaAolnt2]. dlolHAE & o g 7] A-H]
=N Yzh-e gt o s A5t YeiMEs AA

T Q7 A 2FOA 50%E AR5l /1o MMzt et W ol

=

ro o
o
nj
i
ng
1o

YA ol Ao] AA oA 4H18 Fole Mo wetoj B4 AN HIH Aoigehnhdo] Attt ofe] wet 71| vl

eI of sh=glol 42l Alol7} obd AZEgloj# Aojo] Hto] Bas)

doleliielt: FY AZER PR A8 F oAger T ARSHAAACISE AFATrlagel T 18

S 39 WEA WA AR AR n olrh W ol iAE ne o 1ES S AN, AR, A £.4 <5 % Zﬂ°1
Ao 2 A7s}7] QlaIAls 2o} AZA] Wzt A AH 0] 27 0k A 9 Ao A Aof Fof &8 7t o] TR @

o} HsbAe & alcha] 3% 714 w902 HolHAE o] W7t oA B 915} 27

YR, WEGAAY T SFoR dolrges Az gz 8 ASE ASA] B Alelas Aot M 8ok el

WAGA AEeH Re e wd e Sol ek gge oy SO
wehd, £ AP 59 W44 WA o2 A A9
WEY dolHAE o] W oA Ak gIstel ABAAT A4

pISSN 2288-968X, eISSN 2288-9698
https://doi.org/10.12813/kieae.2021.21.3.047

(©2021. Korea Institute of Ecological Architecture and Environment all rights reserved. 47


https://crossmark.crossref.org/dialog/?doi=10.12813/kieae.2021.21.3.047&domain=http://kieae.kr/&uri_scheme=http:&cm_version=v1.5

ClOIE{MIE] i o] HofS 21t 2|

ikl

< ZEe QS W fF Ao g S-S sk, Alojgda
21£9] -85 AFote] et &7 2 HloleAlE 29 A8 7}
9& ERlst At gk
1.2, A7 3 2 A9

2 A= FHRIMES HlolHAlE o] ¥ oy 2] A7 A%
B FF Aol E g 2 J4-84 HES FEE T

Aojgago] WActs ASEE-2 AFAL[6]NA At
ndg gasint, of|E2d2 ANN (Artificial Neural Network)
715t o 2 Y4 faFol g dlolHAlE AW g 2 ¢5517] §
off AT G ALE AS5RE-S 2R AlojguE]EL At
715 & 7 e A-8E Aog e E Al 714 o= T X
T AR E ANN o575 22 Aojgare| &9 434 A%< 9
3 71&o] 9] A8 59 ON-OFF, PID Alo17] ¢} ] w- g7},

2. T4 GIO[EIME] & AAW Ry

B (Cold Aisle)} QE &= (Hot Aisle) 7o) He|=l
e Fefoltt, 2 Ao PEL} Bt B E A E ] &

Table 1. Setup of containment and cooling system

Equipment No. Contents
° Heat: 6.6kW
Rack 14 | ° Inlet and outlet air temperature

difference: A11°C

o

Capacity: 30kW
Mass flow rate: equals to total

o

CRAH 6
rack supply air mass flow rate

)

Refrigerant distributor 2 Capacity: 100kW

o

Capacity: 120kW

Refrigerant 2 ° Setpoint temperature: 7°C
o Temperature difference: A5°C
o Capacity: Enough RT to handle
. more refrigerators
Cooling tower 1 '8

)

Setpoint temperature: 32°C
Temperature difference: AS5°C

)

Refrigerant
Distributor
EA
o

Cold Water
Line

Refrigerator
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Fig. 1. Structure of containment and cooling system
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Table 2. Setup of input and output on predicted model

Item Variables Range
IT Load [kW]* 5~100

Input CRAH_Tra [°C] 29~38
CH Mw [kcal/hr] 0~40,000

Output CRAH Tsa [°C] 18~27**

* Set to be operated with partial load
** Design sriteria for environmental conditions in data centers:
2011 ASHRAE Thermal Guidlines(I-P cersion in Appendix E)
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Fig. 2. Diagram of Control algorithm
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Table 3. Result of hyper parameter optimization

Hyper parameter
Algorithm RMSE [°C]
max_fail mu mu_dec | mu_inc

Sttt 304 | 0.005 | 0466 | 4.829 0.04

window

i 116 | 0001 | 0076 | 5294 0.09

augmentation

Mol 252 | 0010 | 0803 | 13.653 0.54

adaptation

Table 4. Result of adaptive control algorithm performance evaluation

Performance

Algorithm

gort Cooling load [KWh] | RMSE [°C] | Max emor [°C]
Sliding 6,066.73 0.04 039
window

Vector 6,316.21 0.09 5.63

augmentatlon

Vector 6,330.18 0.54 5.65

adaptation
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Fig. 3. Sliding window - CRAH supply air control temperature
compared with to the set temperature (Time step 1 = 5 min)
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Fig. 4. Vector augmentation - CRAH supply air control temperature
compared with to the set temperature (Time step 1 = 5 min)
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Fig. 5. Vector adaptation - CRAH supply air control temperature compared
with to the set temperature (Time step 1 = 5 min)
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Table 5. Simulation summary for control algorithm adaptability test

C"“m"siz“e“e“t Rack 10EA, CRAH 6EA, IT load 6.6kW/Rack
Slm}llatlon 1 Month, 8,640 step
time
IT partial - Partial load + +/0.05 (Gaussian noise)
load (%) - Random setting by 5 minutes
| IT load change, set-point temperature fixed
- Set-point : 0~24 hours, 23°C
IT load and setting temperature change
Control - Set-point :  0~4 hours, 22°C
S 4~8 hours, 18°C
2 8~12 hours, 22°C
12~16 hours, 25°C
16~20 hours, 27°C
20~24 hours, 25°C
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89F2 Table 6., Fig. 6~11. (Fig. 6~7.: ON-OFF, Fig. 8~9.: PID,
Fig. 10~11.: ANN by two scenario)¥} Zt}. o] HIEf o2 7} A
o]719] A-5AS ASATE 2 AFNA 9 5L P B

Table 6. Comparative analysis of controller adaptability

ool o Controller

Scenario items ON-OFF PID ANN

R(llgE 6.89 1.88 0.23

1 Maz‘og)rmr 2.78 2.22 0.98
CO"(lli‘%gfh ;Oad 252026791 | 73739292 | 527,82637

R(l:/ICS)E 6.92 1.86 0.24

> Maz‘oce)m’r 2.59 222 1.02
Co‘zﬁr\;fh;(’ad 2,520267.91 | 737,931.38 | 527.487.94
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