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Abstract: [ Objectives | Aiming at the problems of the long response time and excessive time consumption
of infrared cooling equipment, an optimization study is carried out. [ Methods ] A special cooling method
based on the combined effects of absorption, scattering of water mist particles and cooling of water film is pro-
posed to attenuate the infrared radiation intensity of the target object and improve the response speed of the in-
frared cooling system. The infrared cooling characteristics of the composite nozzle and water film nozzle at
different pressures are analyzed through comparative design experiments. [ Results ] The test results show
that under water supply pressures of 0.3, 0.5 and 0.8 MPa, the infrared cooling time of the composite nozzle is
reduced by 27.9%, 47.3% and 46.2% respectively compared with that of the water film nozzle. At the moment
the water mist is sprayed, the temperatures measured by the infrared thermal imaging camera are 8.62, 11.13
and 11.09 °C lower than the actual temperature of the target. [ Coneclusions ] The test results show that the
swirling atomizer composite nozzle can effectively control the infrared cooling time of the target object.
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Table 1 Comparison analysis results of different types of atomizer nozzle
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Fig. 1 Schematic diagram of structure of swirl atomizer nozzle"
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Fig.2 Cutaway view of rotating chamber of swirl atomizer nozzle
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Table 2 Recommended values of structure parameters of swirl
atomizer nozzle
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Fig. 3 The picture of swirl atomizer nozzle

IR RIS SR R I 101 05 20, B, B
4 52 FAL T G

A
i = HFc /2—” (1)
Pr

Kb Fe R BOK AL o /K BB s Ape b itk

1 p i m 2, RSB O KA A R, Y
KALH A 0.5~1 B} g = 0.6~0.65, 24K A2 Ry 2~3 I
u=0.75~0.85,

3 hein X g AL T RE A

3.1 YEREIRSS TR

T e I 2 5 AL B A P RE SR LT
W f e TR S R R G s
KBTI ARG W L R e
Ui T LA S BOERL B MU SR LR, e Ok
MR R GE S AN P 4 B

O—-{}-——- e | b=
BV S B PN OL
ADFE AL FrEnhL

P4 ORI 2
Fig. 4 Schematic diagram of laser particle analyzer
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Fig. 5 The droplet diameter measurement diagram of swirl atom-

izer nozzle
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Table3 The droplet diameter distribution of swirl atomizer

nozzle
WEEHEFI/MPa D(V, 0.5)/um  D(V, 0.99)/um  SMD/pm

0.1 136.13 216.77 125.15
0.2 134.17 231.24 121.25
0.3 127.53 216.69 114.82
0.4 133.16 195.27 108.58
0.5 111.53 179.56 101.79
0.6 111.79 187.55 101.71
0.7 110.74 175.76 100.94
0.8 107.31 172.05 98.17
0.9 105.97 169.91 96.65
1.0 108.56 154.91 93.94
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Fig. 6 The droplet diameter distribution of swirl atomizer nozzles
at different pressures
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Fig. 7 Schematic diagram of experiment model
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Table 4 Experiment conditions parameters of swirl atomizer

composite nozzle

TAEEI/MPa MRVIGIRE/C  KE/C FEERE/C
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Fig. 8 The experimental curves of temperature change of steel
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Fig. 9 The experimental curves of the cooling time-consuming of
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swirl atomizer composite nozzle
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Table 5 Comparison of cooling time-consuming of swirl atom-

izer composite nozzle
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