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Experimental study on partial load characteristics of variable primary

flow air-conditioning system
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Abstract: An experiment table of variable flow air conditioning system was set up for studying the
operation characteristics of variable primary flow air-conditioning system under partial load conditions with
constant differential pressure control strategy. The results show that as the load rate decreases, the COP of
the chiller increases first and then decreases, and the highest COP appears at 60 % load rate. The integrated
efficiency of the pump is always reduced, while the chiller input power and pump input power show
different trends—the pump input power is always reduced, and the chiller input power decreases first and
then increases, resulting in the total input power of chiller and pump at 27.2% load rate being higher than
that at 45.1% load rate. The variable frequency operation of the pump does not satisfy the affinity law. The
equation of correlations between pump input power and flow rate is obtained, reasoning out that pump

input power is related to the ratio of the constant differential pressure, the resistance of the equipment
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room and the integrated efficiency of the pump. The input power of the pump in this experiment is
approximately proportional to the second power of the flow rate.
Keywords: variable flow system; differential pressure control; operation characteristics; power

consumption; experiment measurement
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Fig. 1 The schematic of experiment table of variable flow air conditioning system
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Table 1 Detail information of main equipments
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Fig. 2 The principle of constant differential pressure control
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Table 2 Sensors and measuring points
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Fig. 3 The automatic control system
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Fig. 4 The relationship between load rate and opening

rate of air conditioning system
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Fig. 5 The trend of chiller COP with Fig. 6 The trend of chiller input power with
the change of load rate the change of load rate
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SEa IR 2 XK REREHE— L b . RASY VERIK AR 9 r RV UK R GE 0 LT PR o3 < T 3B 20 Bk Sk L
B YU 53 Bk S P . R85 w8 0 4 e O BT R A 31 0 S S, RGBT R B S =S+ S, 2R
UE77RE )

H=SQ*=(S, +S5)Q", 3

M FGE U K LR AR AN SR B v K DL SR B35 AT 5 B A L K 55 E A R AL SRR L S T LA
AR o ARR S5 8 3 K S8 B H Bl 0 O SCODR A S B O S 9 AR A T A A A A BV T O3 A I 1Y A
RN B S, A —A M R G 2 e M 28 4 . PG, RGBT R B S =S, + S, ok Bl 67 i
4 A8 AT AR A o VR A6 ¥ VR 7K A B ) R P o A Bl 2 AR AT 5 55 — T T B A A AR B R Y AR UK
REFERHORT e, KRS AT IF A AL i, BIK R A9 BEFE AN 553 B A9 = O LB LE .

XFE TS R 28 RGEMT & 0 BRG] R 28 IRFHEE  EIRE ) H,S,Q* =C . it , T X (DO U E Ny

H=S5Q"+C. )

M) 7K Z2 0 g HH o 2R
N. =7QH =7($,Q" + Q). 5)

IK B B A TN
N—]\;“—(SIQ:UrCQ)ZO (6)

6 AR R ARG FAR I C R T b,y AR UORIILED . SPGB S, B i e AR
S, 7K 25 i A SR 5 0 i 1) = R R 5 TS 2 TR 22 B 0 C B o FEEE BRI, K 5 i A 2 23 5 3 i 1) —



% 9 A O F. —RRTAZTALHA > ATHFRER 7

YRR . TEREAT V& YRR R A A8 RSE T Ak 7 3 3 30X — 45 i, AR AR AIE 23 98 R B8 AE W TAE R R & S Al sy
RV Br/K AR 5 BERBOCR . St AE SR P 10 Fros 78 8 T4 I 22 B 1SR T L /K 22 i i A 2 %85
e R RE .

1.6 -
14
2
= 12 -
M-
)
210}
&
0.8 - (
0.6
6 8 10 12 14 16
P/ (mh)

E10 KFEBMANIWEEREWXER

Fig. 10 The relationship between pump input power and flow rate
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Fig. 11 Thetrend of air conditioning system input power with the change of load rate
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