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Testing and Analysis of Vertical Tube Indirect-Target Type Nozzle
Compound Evaporative Air Conditioning Unit
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[ Abstract]  For the defects of traditional evaporative cooling equipment, which is easy to be blocked and difficult to clean in
windy and dusty areas in northwest China and industrial sites with high dust concentration, a vertical tube indirect - target type
nozzle compound evaporative cooling unit was proposed. The unit adopts vertical tube indirect evaporative cooler and target type
impinging stream nozzle, both of which can effectively alleviate equipment congestion. The test prototype was produced and tested.
The cooling effect of the vertical tube indirect evaporative cooler was slightly better than the horizontal tube indirect evaporative
cooler. The cooling effect was maintained above 6°C under the test conditions, and the wet bulb efficiency was maintained above
54%.The target type nozzle has good atomization effect, and the cooling and humidifying efficiency of the hydrodynamic chamber
is above 95%.The entire unit temperature drop is 13°C and wet ball efficiency is 113%.The proposed unit and its performance test
provide reference for the application of evaporative cooling.
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Fig.1 Vertical tube-type indirect evaporative cooler
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Fig.2 Target type impinging stream nozzle with
pressurized cavity
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Fig.3 Structural components of the vertical tube

indirect-target type nozzle compound evaporative air
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compound evaporative air conditioning unit
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Table 1 Test contents and measuring instruments
NS M7 A ES bkl | DR B
1 R R IR E LA -20~70C. 0~100% +0.5C +3%
1 JRE FAER X X 0~30m/s +2%
2 TR KR KRR B T 0~50C +0.1°C
3 AL L RS IR E LA -20~70C. 0~100% +0.5C +3%
3 JRE FAER X X 0~30m/s +2%
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4 TEREE BE IR E HtAX -20~70°C. 0~100% £0.5C. +3%
5 B KIKIR KRR R T 0~50°C +0.1°C
6 TEEE B IR E H0AX -20~70°C. 0~100% £0.5°C. +3%
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Table 2 7200 m3/h product air, cooling effect with different air volume ratio
ZH = HfE
SRR 0.81 0.99 12 1.4 1.74
HERFEBRIRE/°C 415 41.4 40.0 425 41.8
TR BRI 2 /°C 16.0 15.8 14.5 17.6 16.0
SLE T JE T BRIR B/ °C 31.6 31.4 30.2 30.1 30.9
SLEF IR BE/PC 9.9 10.0 9.8 12.4 10.9
SLER BRI Y% 61.9 63.2 67.6 70.5 68.1
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Fig.6 7200 m%h product air, cooling effect with different

air volume ratio
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Table 3 11000 m3/h product air, cooling effect with different air volume ratio
ZH =G
ZR— IR E L 0.55 0.78 0.89 1.0 1.14
HERFERIRE/C 35.6 41.9 349 35.0 35.9
BERTHEERIE 2/C 16.9 16.0 16.2 16.4 17.3
SLAE TRV JE BRI B/ C 25.5 32.4 25.7 24.5 25.1
SLAERPEC 10.1 9.5 9.2 10.5 10.8
SLERIRINE Y% 59.8 59.4 56.7 64.2 62.5
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Table 4 15000 m>h product air, cooling effect with different air volume ratio
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ZH =g
ZR— IR E 0.63 0.69 0.76 0.81 0.85
T BRIRFE/C 34.1 33.1 33.0 35.4 33.2
HERTRERIRZ/C 11.4 11.4 12.2 14.3 12.4
SLE T JE TR/ C 27.7 26.7 25.9 27.4 25.9
S RREC 6.4 6.4 7.1 8.0 7.3
SLEIRERINEE Y% 56.1 56.1 58.2 60.2 58.9
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Table 5 20000 m*h product air, cooling effect with different air volume ratio

ZH =l
SRR E 0.48 0.58 0.62 0.65 0.67
HERTBRIREE/C 33.9 33.8 34.3 34.8 353
#HRTFRERIRZ/C 11.3 11.1 11.4 11.7 12.3
SLAE TV JE TRk C 27.8 27.8 28.1 28.2 28.5
SR IE/C 6.1 6.0 6.2 6.6 6.8
SLERERER Y% 54.0 54.1 54.4 56.4 553
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Fig.7 Cooling effect with different air volume ratio and
product air
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Fig.8 The relationship between the direct evaporative

cooling efficiency and the water density
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Table 8 Cooling effect of pneumatic spray chamber with different air volume

ERABHBERST &, MEBaTrgE, RS
TN 4000m>h B, AERROKE BTN 460 ~
550kg/ (m-h); RS UEN 7000m*/h B, f
FEWRK S BE VG BN 550 ~660g/ (mh); —IRES
AN 10000m3/h B, B MoK & BTG RN 660kg/
(m-h),
2.2 YRzl 20t K B AR R

BRI I8 R 3 7 2Rt K = I R LD gt
AT, 2 & T AbBE X & 7200m/h .
11000m3/h. 15000m3/h I ¥ B IIRE AR, sk 8
K9 iR

R (m¥/h) HEHFERC HBERIBERC % C IR Y%
7200 38.0 25.4 12.1 96.0
11000 37.8 25.4 12.0 96.8
15000 37.7 253 11.9 96.0
e B b T PR R R O B A ROR BT
T wo TETT 23 AR
v S (7 I I Jt 32 ) 4 28 08 A s S AR 3
* “ o EWKE, AR IR R AT I DL B
i T A 15000mYh. Y AL 0.8 I,

6000

10000 14000

HUEE (m3/h)

18000

B9 TFELERET, RAHANDXBIKEFERYR

Fig.9 Cooling effect of pneumatic spray chamber with

different air volume
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Table 9 Air parameters of unit in the cases of 15000 m3/h product air, air volume ratio 0.8

WLEH A5 Dh e B IR B S U R WAk 9 Al
LB 100 LA RF4TEK 35.3°C L PRk 23.4
C, MENAEFERAHEEREN 60.6%- F
BmbE 72 Cs WiAREn 71 AWK IR R
89.1% , FIJiEM% 6.4 C, S ESSANEE
95.2%; SEEGIEFE NI FE 13.6°C, IR
FN 113%.

BERFERC  IERFERC  SLEIREREY% B R =T ERC R % MK & HEER AR %
353 28.2 61.0 21.7 95.2 84.1
34.9 28.0 60.3 21.6 95.2 85.2
35.1 28.0 60.3 21.6 95.3 86.1
35.2 28.1 61.0 21.7 95.2 88.0
353 28.1 61.1 21.8 95.2 89.0
355 28.1 61.0 21.7 95.1 93.1
35.6 28.1 59.6 21.7 95.1 94.2
35.7 28.2 60.1 21.8 95.2 90.2
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