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Abstract A datacenter is a high energy consuming facility whose cooling energy consumption rate is 10~20 times
larger than general office buildings. The higher the temperature of supply air from a CRAC (computer room air-
conditioner) is supplied, the more energy efficient cooling is possible because of improving the COP of a chiller and
advanced range of outdoor air temperature available for the economizer cycles. However, because the temperature of
cold air flowing into server computers varies depending on air mixing configurations in a computer room, the proper
supply air temperature must be considered based on the investigation of air mixing and heat dissipation. By these,
this study aims to understand the effects of variation of the supply air temperature on the air flow distributions, temperature
distributions and rack cooling efficiencies. Computational fluid dynamics (CFD) aided in conducting the investigation.
As a result, the variation of the supply air temperature does not affect the air flow distributions. However, it mainly
affects the temperature distribution. From the results of CFD simulations, Rack cooling indices (RCIHI and RCILO)
were evaluated and showed the ideal state set at 19°C of the supply air temperature.
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Table 1 Thermal guidelines for data processing environments®

Product operation Product power off
Class Dry-bulb Humidity range, Maxlrnu.m Maxmmm Maximum rate Dry-bulb R Maxlml%m
temperature noncondensing dew point  elevation of change temperature %) dew point
o o o, o, o o
(©) (©) (m) (C/h) (©) (©)
Recommended(Suitable for all 4 classes; explore data center metrics in this paper for conditions outside this range.)
Al to A4 18 to 27 0.029 43 1,220
Allowable
Al 15 to 32 20% to 80%RH 17 3,050 5/20 5t045 8 to 80 27
A2 10 to 32 20% to 80%RH 21 3,050 5/20 5t045 8 to 80 27
-12°C DP and
A3 5 to 40 S%RH to 85%RH 24 3,050 5/20 5t 45 8 to 80 27
-12°C DP and 8%
A4 5 to 45 RH to 90RH 24 3,050 5/20 5t045 8 to 80 27
B 5 to 35 8% to 80%RH 28 3,050 N/A 5t045 8 to 80 29
C 5 to 40 8% to 80%RH 28 3,050 N/A 5t045 8 to 80 29
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af|4] Alo] 2~} CFD Al Edo] A2 ZA
25 CT7HA W3AFH oY, b8 27142 2
T2A 13CE Hol ’“J%H%L | w
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4100 Table 2 Boundary conditions
N . Air flow rate Heat
T

Z71& Table 201 YERATE CRACS] H7]%E2 13CHE 3T (H4o=
T 2T g71=x2e A2, BA = diolHAlE AA Aol 157
of H§7]&x9] A= *“4 319 o1, 4§ = ASHRAE #3719

Case Supply atr, ratio of server generation Supply i
temperature . volume
to supply air rates
CZSG 13C 10T 0.96 5 kW/rack 45,600 CMH
Case o q
B 16T 10C 0.96 5 kW/rack 45,600 CMH
Case o q
C 19T 10C 0.96 5 kW/rack 45,600 CMH
C]a)se 2C 10T 0.96 5 kW/rack 45,600 CMH
C;se 25C 10T 0.96 5 kW/rack 45,600 CMH
) ] * Supply air temperature from CRAC.
unit: Mmm- ot aisle Cold aisle ** Temperature differency between outlet and inlet of server computer.

Fig. 1 Composition of data center for CFD analysis.(m ™" Supply air volume of CRAC.
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(a) Air flow distribution(SAT : 13C) (e) Temperature distribution(SAT : 13TC)

174
163

152 N
144 =

130

(b) Air flow distribution(SAT : 197T) (f) Temperature distribution(SAT : 197T)

T

174
163

152 )
144 =

130

(c) Air flow distribution(SAT : 25C) (g) Temperature distribution(SAT : 25C)

141 xc—i.

130

(d) Air flow distribution(SAT : 197T) (h) Temperature distribution(SAT : 19C)
Fig. 2 Air flow distributions and temperature distributions.
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RTIS] et 7]%-S Table 40 LERATEH

322 CRAC &7|2%7} Hatst 222 H2t 28

a]24] Alo] 2ol T3k SHI 2 RHIZ Fig. 39 YEFATH SHIE AA| 2 o= 0.19 %ifu #S YERATE SHIZ}
A A o= HP—‘P #e UEl = A& CRACY H7]2=vh We B gE 24 BF 5$d37] nidd =
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AF= AL ?0‘?& A7E Ve

&4 7Alo]22] RCIZ Fig. 49 YEFATE RCIm:= Case A(F7]% 13°C), Case B(F7]% 16°C) 2 Case C
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Table 3 Rating of Rack Cooling Index(RCI) Table 4 Rating of Return Temperature Index(RTI)
Rating RCIHI Rating RTI
0
Ideal 100% Target 100%
Good 96~100%
_C1 1 0,
Acceptable 91-95% Re-circulation > 100%
Poor =< 90% By-pass < 100%
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Fig. 3 Supply heat indices (SHIs) and return heat indices(RHIs).
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Fig. 4 The Rack cooling indices(RCIs).
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Fig. 5 The Return temperature indices(RTIs).
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