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ABSTRACT: For economic evaluation of cooling plant equipments, it is necessary to simplify
energy prediction method, which should includes efficiency corrected by part-load ratio. This
study proposed simplified method with regression equations of time-average partial loads and
refrigerator capacity. DOE-2 program was used to carry out a parametric study of twelve
design variables. Five input variables were considered to be significant and were used in the
regression equations. To test accuracy of simplified method, calculated results were compared
with DOE-2 simulated results. Test result showes a good agreement with the simulation re-
sult with an error of 59~7.6%. It is expected that this method can be used as an easy pre-
diction tool for comparing energy use of different cooling plants during the early design stage.

Key words: Part-load ratio(3%3-8}8), Condenser water temperature(§Z+4=2-=), Chilled wa-
ter temperature(*§ 72 %), Regression analysis(3]#&4)
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Fig. 1 Part-load ratio by outdoor air flow.
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Table 1 Summary of base case values and variations

Input variables

Base case value

Variations

Absorptance of wall 0.7
Shading no
Building orientation facing S (0°)
Floor-to-wall ratio 0.5
Window-to-wall ratio 0.5
U-value of wall 05 (w/m’T)

U-value of fenestration 2.0 (w/m?C)
Shading coefficience of fenestration | 0.5

0.1, 02, 0.3, 04, 05, 06, 0.7, 0.8, 0.9
—45°, —30°, —15°, 0°, 15°, 30°, 45°
0.1, 0.2, 0.3, 04, 05, 06, 0.7, 0.8 0.9

6, 0.
0,05 1, 15 2, 25,3, 35 4
0.1, 0.2, 03, 04, 05, 06, 0.7, 0.8 0.8

Building Floor-to-ceiling height 3.9 (m)
cooling Space air temperature 26 (TC) , 24, 245, 25, 25.5, 26, 265 27, 215 28
load Equipment 20 (w/m°)
Interior load density Occupant Total density: 12.5, 25, 37.5, 50, 62.5, 75, 87.5, 100,
20 (w/m®)—0.15 (person/m®) 1125

Occupant 1.0
Lighting 1.0

Interior load density schedule

Lighting type
Infiltration rate

Lighting 10 (w/m%
Equipment 1.0

Rec-Fluor-NV
1 (air-change/hour)

Total schedule: 0.2,0.3,04,05,06,0.7,08,09,1

0, 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, 2

Floor weight 342 (kg/mz) 147, 195, 244, 293, 342, 391, 440, 489, 537
Type of air system CAV+FCU
HVAC | Outdoor air flow 3,66 (m*/h/m’) 1.22, 2.44, 366, 488, 6.1, 7.32, 854, 9.76, 10.98
system | Throttling range 2(TC) 1, 1.25, 15, 1.75, 2, 2.25, 25, 275, 3
Qutdoor air control temp.
Chilled water temperature 7(C)

Plant | Min. entering cooling water temp. | 183(T)
system | Cooling tower water temperature 13.6 (lpm/ton)
Number of refrigerators 1

tFCUZ AW, W12 69 119~99 10
Qo ol £BAT 8~1849) 5Bt
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Table 2 Summary of regression relationships

Average part load Refrigerator capacity : maximum system load
. Linear regression Quadratic regression Linear regression Quadratic regression
Input variables (y= By + Bix) (y=Bo+ B+ Byx?) (y= 8+ fix) (y= 8o+ B+ Bo7?)
By B RY| B By B RY| B 8 R A 8 8 R?
Absorptance of wall 8399 0.160 1.000 105350 0.201 1.000
Building orientation 85.827 0041 0013| 87.862 —1.315 0.170 0.676(107.205 0.042 0.031(108559 —0.861 0.113 0.699
U-value of wall 74.247 0226 0.991 105119 0.3425 1.000
U-value of fenestration | 75.017 0.123 0616| 76453 —0.416 0.045 0.863|105660 0.277 0.8%(107.182 —0204 0.048 0974
Shading coefficience of | 59 15 5503 o709 80653 3695 0871
fenestration
Space air temperature 55.132 —2.028 0999 112.249 —1.070 0.998
Interior load density 30.189 11.200 1.000 58004 11.893 1.000
Interior load schedule 32947 4831 0976 - - -
Infiltration rate 86.721 —0.308 0.916| 86.859 —0.383 0.008 00919106844 0.061 0.128{108.046 —0.59 0.066 0.887
Floor weight 87.452 —0.507 0.998 111.161 —0.897 0995
Qutdoor air flow 70.885 4569 0928| 60.877 10.027 —0.546 0.99%| 75562 10.336 0.988
Throttling range 85.236 —0.098 0.980 - - -
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Fig. 3 Relative size ( y) of Part load by time.
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Table 3 Variables for multiple regression an-

alysis
Adoption
Input variable Part|Refrigerator| ~ Variations
load| capacity

SC x WWR x FWR @) O 0.025, 0.125, 0.225
Space air temp. (T") O O 24, 26,28
Interior load density (ID) | O @) 25,62.5,1125
Interior load schedule (IS) O - 02,06,1.0
Outdoor air flow (0A) | O O 1.22,6.1,1098
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Crom = 25.10A+0.903ID + 147.8SC
X WWR x FWR—(.5220A
xT+10.16  (R*=0.956)

(10

194 - A%4

PL(8) = 0OA%[0.001163(IS x ID)*
—0.236(ISx ID) —0.420 T+21.3]
+ OA X SCx WWRx FWR
% [0.379(ISx ID) —0.979 T]
+93.2SCx WWRX FWR
+1.153ISx ID—6.68 (R*=0.927)

PL(9) = OAx [0.000984(IS x ID)*
—0.195(ISX ID)—0.344T+18.7]
+ OAX SCx WWR x FWR
x[0.266(IS x ID)—0.631T1+ SC
X WWR x FWRX[394.8~11.56T']
+1.025ISX ID—1.97 (R%=0.941)

PL(15) = OA X [0.000836(IS x ID)?
~0.176(IS x ID) —0.371 T+21.1]
+ 0A X SCx WWR x FWR
x [0.294(IS X ID) ~0.771 T 1+ SC
X WWRx FWRx[351.2—9.23T]
+1.061ISx ID—1.80 (R*=0.960)
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Table 4 Regression equations of time average part-loads

Equations form: PL(7)= 0Ax [a (IS x ID)?+ b(ISX ID)+ ¢T + d 1+ OAx SCx WWR x FWR
x[e(ISXID)+ fT1+ SC x WWRx FWRx [ g + kT 1+ iIS x ID + j

a b c d e f g h ) j

PL(B) 0001163 -—0.236 —0.420 21.3 0.379 —0.979 93.2 0 1.153 —6.68
PL(9) 0000984 —0195 —0.344 187 0.266 -0.631 394.8 —11.56 1.025 -1.97
PL(10) 0.000935 —0.189 —0.353 195 0.275 —0.678 380.4 —10.80 1.037 —-1.92
PL(11) 0.000899 —0.184 —0.359 20.1 0.282 —-0.712 369.8 -10.25 1.045 —-1.87
PL(12) 0.000872 -0.180 —0.364 20.5 0.288 -0.737 361.8 -9.79 1.053 -1.84
PL(13) 0000852 —0178 —0.367 209 0.291 —0.754 356.2 —9.49 1.057 -1.82
PL(14) 0.000842 —0.177 —0370 210 0.293 —0.767 352.9 —-9.32 1.060 -1.81
PL(15) 0000836 —0176 —0.371 21.1 0.294 —-0.771 351.2 —923 1.061 —1.80
PL(16) 0.000846 —0.177 —0.369 209 0.292 —0.762 354.6 —9.40 1.059 -1.81
PL(17) 0.000862 —0.179 -—0.366 20.7 0.289 —0.746 3588 —9.66 1.055 -1.83
PL(18) 0.000885 --0.182 —0.362 20.3 0.285 —0.724 366.0 —-10.04 1.049 -1.8
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Table 5 Refrigerator performance equations on DOE-2 default values’™”

Equations form: F(x,y)=a+bx+ o+ dy+ ey’ + fx, F(x)=a+ b+ o+ dd

Equation Independent variables a c d e f
Two-stage absorption chiller
Sea teotds toond —-0.816039 - 0.038707 0.000450 0.071491  —0.000636 0.000312
fem PLR 0.013994 1.240449  —0.914833 0.660441
Ffer teotds teond 1.658750 0 0 —0.029000 0.000250 0
Hermetic centrifugal chiller
Sear teotds Eeond —1.742040 0.029292 —0.000067 0.048054 —0.000291 —0.000106
feir PLR 0.222903 0.313387 0.463710
Ffew teotds Leond 3.117500 - 0.109236 0.001389 0.003750 0.000150 —0.000375
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