
flow phenomenon disappears gradually. Then observe the 

double-nozzle flow field observation at flow rate Q=4L/min. It 

can be seen that the confluence can still be seen at the nozzle 

pitch P=200 and 150, but from the flow situation at P=100 in 

Fig.8 (b) have disappeared. When the flow rate Q = 5 L/min, 

the phenomenon of convergence can be clearly seen at P=200 

and 150 as in Figs.7 (f) (i). This phenomenon disappears when 

the nozzle pitch is close. 

The process in which we transform this phenomenon is 

called the distance at which the interference occurs. When the 

phenomenon of the current flow is not obvious, the two nozzles 

have the effect of interfering with each other. In this case, not 

only the interference effect is reduced at the interference point. 

Phenomenon in the impact cooling of the nozzle will also make 

the heat transfer effect significantly reduced. In order to avoid 

this phenomenon, in the experiment process, we changed the 

distance between two nozzles through the flow field to further 

find the distance between nozzles when two nozzles interfered 

at different flow rates and different heights. The nozzles 

VVP8080’s interference distances shown in Table 1 

 
Fig. 7. NozzleVVP8080 different pitch 

Nozzle 

VVP8080 H=200(mm) H=250(mm) H=300(mm) 

Q = 2.5 L/min 84 110 156 

Q = 4 L/min 110 148 200 

Q = 5 L/min 120 160 230 

Q = 6.4 L/min 180 210 240 

Q = 7.4 L/min 250 280 300 

C. Double Nozzle Temperature & Instaneous Cooling Rate 

From the experimental test-piece temperature measurement 

position distribution Fig.8, it can be seen that there are ten 

temperature points located in the short axis area and the fourth 

quadrant area of the nozzle impact ellipse area in the first 

quadrant area. And the depth of each measurement temperature 

point is different. From the analysis of the flow field 

observation in the previous two nozzles, the whole block 

heating test-piece cannot be impinged at low flow rate. It can 

be seen from the Fig.9 that when the flow rate Q = 2.5L/min, 

two kinds of nozzle temperature diagram and its corresponding 

instantaneous cooling rate diagram. The distance r in the figure 

is the distance that extends outward from the center point of the 

impact area in the right half. From the Fig.9, it is found that 

when the VVP8080 nozzle is at this flow rate, the temperature 

at the center point 6 of the two nozzles of Fig.9 (a) is decreasing 

more slowly. From Fig.9 (b), it can be seen that it begins to cool 

after 15 seconds. This cooling effect is mainly It is the cooling 

effect produced by the water flow of the two nozzle jets. 

Compared to the VVP8080 nozzle VVP90140 (c) (d) the nozzle 

has a better cooling effect at the center point 6, and at the same 

time comparing the measurement point 1 because the nozzle 

VVP90140 has a wider spray angle at a flow rate, so the 

measuring point 1 of nozzle VVP90140 is faster than the 

VVP8080's nozzle cooling process, but compared to the nozzle 

in the long axis (indicated by the square shape of the 

measurement point)nozzle VVP8080 has a more uniform 

cooling trend can be seen from the comparison of Fig.9 (b) and 

(d). The measurement point 9 has a faster cooling phenomenon 

at VVP8080. 

Then, when the maximum flow rate of the two nozzles is 

reached, it can be seen that both nozzles have reached the same 

trend in the cooling trend, but from the instantaneous cooling 

rate Fig.10 (b)(d), it can be seen that the measuring points 1 are 

respectively 6 seconds. The situation of cooling began only at 4 

seconds, mainly because at the time of this flow that the two 

nozzles are unevenly distributed when the flow rate in the center 

is small, and the flow rate mainly increases toward both sides. 

From measurement point 6, it can also be seen that it shows an 

unstable cooling rate phenomenon at the beginning, which is 

mainly due to the phenomenon that the film boiling happen on 

the surface when the water hits the high temperature flat plate. 

Compared with the previous observation of the flow field, it is 

also the position where the interference occurs. Therefore, the 

film boiling effect will influence on the heat transfer 

phenomenon, then this phenomenon disappears after 9~10 

seconds. 

 
Fig. 8. Experiment measured temperature point 

56


