
and after the fine tuning of the design variables, using the finite 
difference method, by its numerical solution / nF X   usually to 

get an objective function ( )kF without changing any design 
variables first, then only one trace of a design variable is changed 

at a time
n n nX X X   , and the function is brought into 

another new target function, which can be obtained by the 
following equation 

 ( ) ( ) ( )( ) / /k k k

n n n nF F X F X                 (3)  

The iterations are the following equation: 

 ( 1) ( ) ( ) ( )k k k k

n n n nX X                  (4) 

The coefficient of the conjugate gradient method is 
determined by the ratio of the slope of the previous iteration to 
the slope of this iteration, as the following equation.  

2
( ) ( 1)

( )
k k

k n n

n nn n

J J

X X


  
  

  
                            (5) 

From this definition process, the program will reduce the 
rate of convergence when it reaches the optimum value quickly. 
Defining the conjugate gradient coefficient is also to let the 
program automatically determine the size of the correction to 
avoid exceeding the desired target value. According to the above 
method, it will automatically iterate until the convergence of the 
target function is satisfied. The optimization calculation process 
is summarized as follows: 

(1) Define the starting design variable value ( )k

nX . In this study, 

the plate is cut into 1/4 models and the surface is cut into 26 
regions, i.e. 26 variables

1 2 26, , . . . ,X X X , each representing the 

thermal convection coefficient h of each region. 

(2) Set the step distance of each design variable
1 2 26, , . . . ,   . 

(3) Use the forward solution subroutine (e.g. Fluent) to solve the 
desired equation after setting the relevant boundary conditions. 

(4) Calculate its objective function  1 2 26, , . . . ,F X X X . When the 

target function has satisfied that the relative temperature 
percentage is less than 3%, the program will stop; otherwise, 
step (5) will continue. 

(5) Sensitivity analysis, calculating the gradient of each variable 
to the objective function ( ) ( ) ( )

1 1 2 2 26 26/ , / , . . . , /k k kF X F X F X      . 

(6) Calculate the conjugate gradient coefficients ( )k  and seek 

direction ( )

1

k  and ( )

2

k . 

(7) After updating the design variable value, continue to the next 
iteration. 

In this study, all internal point temperatures measured by the 
thermocouple during the experiment are defined on the basis of 
the objective function, and the temperature difference between 
the temperature and the temperature calculated by the inverse 
heat transfer calculated with the given initial value is divided by 
the measured temperature. When the maximum value of all 
points meets the relative temperature difference of less than 3%, 
that is: 

,1 ,1 ,2 ,2 ,25 ,25

,1 ,2 ,25

max , , ..., 3%
estimated exact estimated exact estimated exact

exact exact exact

T T T T T T
F

T T T

  
 

 
 
 

 (6) 

IV. EXPERIMENTAL SET UP & METHOD 

The entire experimental system was set up to observe the 
actual flow of fluid from the nozzle to the high-temperature plate, 
and the cooling status of the high-temperature plate. The 
experiment of jet cooling was divided into two parts: flow field 
observation and thermal convection coefficient measurement of 
high-temperature plate cooling. The flow field observation part 
is an acrylic sheet whose surface is processed with a scale. The 
size of the acrylic sheet is 500mm×600mm×5mm, and the scale 
value can be conveniently used to record the radius of the water 
impingement zone. However, the test piece of the high-
temperature flat plate cooling part is a 300mm×300mm×50mm 
integrally formed stainless steel plate. The experimental system 
diagram, as shown in Fig.3, contains four major parts: the test 
section, the water supply section, the heating section, and the 
control section. Its experimental entity figure shown in Fig.4. 

The flow rate is read by a turbine electronic flowmeter with 
an accuracy of 2% and a measurement range of 1.8 to 32 L/min. 
The flow rate for this experiment ranges from 2 to 8.5 L/min. 
Because fan-shaped nozzles have greater friction at the nozzle 
opening, the pressure required is also relatively high. Therefore, 
a 0.5-hp pump is added to each pipe line to increase the pressure. 
The flow rate required for the experiment. 

The main feature of the VVP series of standard fan-shaped 
nozzles formed by the fan-shaped nozzle used in this experiment 
is that the flow distribution at the center of the fan-shaped area 
gradually decreases with the two ends, and when the nozzles are 
arranged in plural, a nozzle spray shape overlaps at both ends to 
achieve uniform flow distribution. The angle of the nozzle 
opening is mainly between 15° and 115°, the standard pressure 
is 0.3 MPa, and the flow rate can range from 0.3 to 180 Liter/min. 

The characteristics of the fan-shaped nozzle are mainly the 
angle of the nozzle and the amount of spray. The spray angle of 
the spray nozzle is mainly proportional to the pressure of the 
nozzle opening. The relationship between the spray amount and 
the pressure is as follows: 

/inlet inletQ Q P P                (7) 

 

Fig. 3. Schematic diagram of experimental set up 
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