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Method of Setting Nozzle Intervals at the Finishing Scale Breaker 
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The scale is removed from the strip by high pressure hydraulic descaling at the FSB(Finishing 

Scale Breaker). Recently, the spray height of nozzle has a trend to be shorter for the purpose of 

increasing the impact pressure by the high pressure water jet. Here. the nozzle intervals should 

be decided alter considering the impact pressure and the temperature distribution on the strip. 

In other words, the minimum of impact pressure at the overlap of spray influences the surface 

grade of the strip due to scale and the overlap distance of the spray affects the temperature 

variation in the direction of the width of strip. In the present study, the impact pressure of the 

high pressure water jet is measured by the hydraulic descaling system and calculated with regard 

to the lead angle of 15 ° and the offset angle of 15 ° , and then the temperature distribution and 

the temperature variation are calculated at the overlap distances of 0 ram, 10 ram, 20 mm, and 

30 ram, respectively. The method of setting nozzle intervals is shown by utilizing these results. 

Key Words : FSB(Finishing Scale Breaker), Impact Pressure, Temperature Distribution, Over- 

lap Distance, Temperature Variation 
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Greek Symbols 
a' ' Thermal diffusivity (mZ/s) 

O~ : Lead angle (°) 

Do : Offset angle (°) 

Os : Spray angle (°) 

b'water: Kinematic viscosity of water I, m2/s) 

p : Density ( kg/m 3) 

I. Introduction 

The scale on the strip is removed by high 

pressure water jet at the FSB(Finishing Scale 

Breaker). The nozzles ['or the high pressure water 

jet are located at the header with the lead angle 

and the of[~et angle. The function of the lead 

angle is to prevent the scale from entering the FM 

(Finishing Mill), and the nozzles are installed at 

the lead angle of 15 ° conventionally. The impact 

pressure is still about 97% of the maxmaum value 

at the lead angle oi 15°(Marston, 1995). The 

function of the offset angle is to prevent the high 

pressure water jets from overlapping each other. If 
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the high pressure water .jets overlap each other 

without the offset angle, the impact pressure will 

be decreased at the overlap. Therefore, the nozzles 

maintain the off'set angle of 15 ° in general. 

Recently, the spray height of nozzle has a trend 

to be shorter and shorter for the purpose of in- 

creasing the impact pressure by the high pressure 

water .jet. Here the nozzle intervals should be 

decided after considering the impact pressure and 

the temperature distribution on the strip. How- 

ever, there is a few literatures related to it. In 

general, the overlap distance for the spray width 

is 25-30 mm, when the spray height of nozzle is 

240-300mm (Bagshaw and Kimpton, 1995). 

The overlap distance affects the impact pressure 

acting on the strip and the temperature variation 

in the direction of the width of strip. That is, the 

minimum of impact pressure and the temperature 

in the direction of the width of strip vary accord- 

ing to the overlap distance of the spray width. If 

the overlap distance is increased, the minimum of 

impact pressure is increased and the scale on the 

strip is removed well. However, the temperature 

drop of the strip is increased owing to increasing 

the area under high pressure water .jet. Therefore, 

we could not increase the impact pressure ex- 

tremely, as the strip should be kept over A3 transi- 

tion temperature for the hot rolling. On the con- 

trary, if the overlap distance is decreased, the 

temperature drop of the strip i.s decreased. How- 

ever, the minimum of impact pressure is de- 

creased, the scale on the overlaps of the strip is 

not removed well. Besides, the optimal design for 

the FSB needs the thermal analysis in the strip 

because the quality of the rolled steel product is 

depended on the temperature distribution of the 

strip in the rolling process. In other words, the 

overlap distance should be decided after consi- 

deration of the minimum of impact pressure, the 

temperature drop of the strip, and the temperature 

variation in the direction of the width of strip. 

In the present study, the distribution of impact 

pressure is measured at the lead angle of 0 ° and 

the offset angle of 0 ° using the descaling simula- 

tor, and the distribution of impact pressure is 

calculated at the lead angle of 15 ° and the offset 

angle of 15 ° according to the overlap distances of 

0ram, 10 mm, 20 mm, and 30 mm, respectively. 

These angles are the operating conditions at the 

FSB in general. 

The convective heat transfer coefficient is nec- 

essary to the analysis of temperature distribution. 

The convective heat transfer coefficient used in 

the calculation is obtained from the equation as a 

function of the impact pressure (Choi and Choi, 

2002) and then the temperature distribution in the 

strip is calculated by the FDM (Finite Difference 

Method). Finally, the reasonable overlap distance 

tbr the spray width is decided by utilizing these 

results. 

2. The Distribution of Impact 
Pressure 

2.1 The experiment on the impact pressure 

The impact pressure of high pressure water jet 

is measured by the descaling simulator as shown 

in Fig. 1. This apparatus was manufactured for 

measuring the temperature variation and for ob- 

serving the scale on the specimen during the 

process of the hydraulic descaling originally. The 

descaling simulator consists of the carriage(l) ,  

the specimen(2), the step motor(3), the nozzle 

header(4), the air cylinder(5), the spray nozzle 

(6), another air cylinder(7) as shown in Fig. 1. 

The lead angle and the spray height are controlled 

by the air cylinder(5) and (7). respectively. 

For measuring the impact pressure, a pressure 

sensor instead of tile specimen(2) is laid on the 

carriage as shown in Fig. 2. The sensor of impact 

I c ,I 
t ]C(-)3 C.)Z] 

Fig. l The schematic diagram of the descaling 
simulator 
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pressure used in the present experiment is the type 

of  load cell. The area of  sensing the impact force 

is 0.5 cm 2. The impact force in the direction of  the 

spray width is measured by moving a carriage at 

5 mm/s .  The data of  impact lbrce is obtained at 

0.5 mm intervals in the direction o f  the spray 

width. Impact force divided by the area o f  sensor 

gives the impact pressure. 

2.2 The  resul ts  o f  the exper iment  on the 

impact  pressure  

The distr ibution of  impact  pressure at the 

Fig. 2 The schematic diagram of measuring instru- 

ment for the impact pressure 
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140 mm) 

spray pressure of  200 bar and the spray height of  

140 mm is shown in Fig. 3. The average impact 

pressure is approximately  7 bar. The distr ibution 

of  impact pressure has nearly a symmetric pattern 

and the impact pressures on the both sides are 

higher than those at the center. 

The spray nozzle ( D N R  type) used in the 

experiment has the spray angle of  28 ° and the 

orifice diameter  of  3.4 mm at the minor  axis and 

4.5 mm at the major  axis, respectively. The water 

flow rate is 118 l i ter / rain at the spray pressure of  

150 bar. These values were given by nozzle maker. 

2.3 The distribution of  impact  pressure  wi th  

regard to the lead angle  and the of f se t  

angle  

The distr ibution of  impact pressure with regard 

to the lead angle and the off'set angle could not be 

obtained from the experiment using the descaling 

L T L(+) 

Fig. 4 The lead angle and the offset angle of the 
spray nozzle 
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Fig. 5 
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The distribution of the impact pressure at 

lead angle of 15 ° and offset angle of 15 ° 
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simulator.  In the present study, the distr ibution of  

impact pressure with regard to these angles is 

obtained.  Here, the spray distance is defined as 

the length from the nozzle tip to the strip. 

The spray distance may be increased or de- 

creased by the lead angle and the offset angle as 

shown in Fig. 4. When the spray distances are 

increased or  decreased, these values are obtained 

from Eq. (1) and Eq. (2), respectively, and these 

equat ions are satisfied in the range of  0 ° ~  Os/2 + 

0 l < 9 0  °. 

H tan(0~/2)sin 0~ sin 0o 
L ( + )  = - ( 1 )  

cos ( 0~/2 + O~ sin 0o) 

Htan(O~/2)sin Otsin Oo 
L ( - )  = (2) 

cos[ (90 ° -  0~/2) - (90 ° -  0~) sin 0ol 

The distr ibution of  impact pressure is calculated 

by Eq. (I) and Eq. (2) at the lead angle of  1 5  ° 

and the offset angle of  15 ° as shown in Fig. 5. The 

spray distances get shorter in the left side of  the 

spray center point and become longer in the right 

Header l 

Overlap 

Fig. 6 The overlap distance at the FSB 
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side of  the spray center point owing to the lead 

angle and the ofl~et angle. On this account,  the 

impact pressures are increased and decreased at 

the left side, and the right side respectively. 

The spray nozzles are arranged in a row at the 

FSB header and the spray patterns are overlapped 

as shown in Fig. 6. In the present study, the dis- 

tr ibutions of  impact pressure are calculated at 

the overlap distances of  0 mm, 10 mm, 20 ram, and 

30 mm, respectively. The distr ibution of  impact 

pressure is shown in Fig. 7(a) at the overlap 

distance of  0 ram. These values are calculated at 

the range of  the strip width of  500ram only, 

owing to the symmetric patterns in the direction 

of  the width of  strip. The scale should not be 

removed well at the overlap distance of  0iron, 

because the impact pressures are approximately  

0 bar at the both ends of  spray. The distr ibutions 

of  impact pressure are shown in Fig. 7(b) (d) at 

the overlap distance of  10 mm, 20 mm, and 30 mm 

respectively, and the minimums of impact pres- 

sure are approximately 3.5 bar, 5.8 bar and 6 bar 

respectively. If the minimums of impact pressure 

are increased at the overlap, the scale will be 

removed well• However,  as the temperature drop 

is increased at the overlap, the temperature varia- 

tion will also be increased in the direction o f  the 

width of  strip. In this account,  the overlap dis- 

tance should be determined with regard to both 

the impact pressure and the temperature variation.  

3. The Temperature  Dis tr ibut ion  

3.1 The convect ive  heat  transfer  coef f i c i ent  

The convective heat transfer coefficient is nec- 

essary to the analysis of  temperature distribution. 

In general, the convective heat transfer coefficient 

varies with the velocity of  the fluid, the type of  

flow, the geometry of  the body, the flow passage 

area, the physical properties of  the fluid, and so 

on. The convective heat transfer coefficient is in- 

creased according to the increasing spray pressure 

and the decreasing spray height, because the ve- 

locity of  water jet is increased on the strip. There- 

fore, the convective heat transfer coefficient can 

be correlated with the spray pressure and the 

spray height. Also, the spray pressure and the 

spray height are correlated with the impact pres- 

sure on the strip, and two independent  variables 

(the spray pressure and the spray height) can be 

reduced to one independent variable (the impact 

pressure). Tile convective heat transfer coefficient 

can be obtained from compar ing  the calculated 

temperature with the experimental  temperature as 

shown in Fig. 8. The convective heat transfer 

coefficients with the impact presstlre can be re- 

presented by non-d imens iona l  variables such as 

the Nusselt number  and Reynolds number  as 
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Fig. 10 The flow chart for calculaling the convective 
heal transfer coefficient 

shown in Fig. 9. Equation (3) is obtained froITI 

these resuhs. 

Nu=0.0241 × Re--314.67 

These processes for obtaining the convective heat 

transfer coefficient are shown as the flow chart in 

Fig. 10 (Choi and Choi, 2002). The convective 

heat transfer coefficients in the direction of the 

width of strip are obtained from the distributions 

of impact pressure as shown in Fig. 7 and are 

similar in patterns to the result of impact pres- 

sures. The convective heat transfer coefficients 

by the air and the residual water used in the 

analysis of temperature distribution are 120W/ 

m2°C (Nu=0.34) and 185 W/In2°C (Nu=0.52),  

respectively. 

3.2 The  a n a l y s i s  of  t e m p e r a t u r e  d is tr ibut ion 

The temperature distribution of the strip 

through the high pressure water jet is analyzed 

assuming that the temperature variation in the 

direction of the length of strip is ignored and the 

effect of the scale is also disregarded. That is, the 

temperature distribution of the strip is analyzed at 

the two dimensional section of it. Two dimen- 

sional, time dependent heat conduction equation 

(Ozisik, 1985) is expressed by Eq. (4). 

a T  [ OZT + 3"-'T ] 
~? = a  [ ~  ~,2 j (4) 

Syrnmetryl 
B.C. I 

Fig. l 1 

Convection boundary condition 

The number of elements = 500 X 20 ~y~.~tq/ 

Symmetry boundary condition 

The boundary conditions in calculated 
domain 

Where a is k / p c ,  and the thermal conductivity 

(k), the density (p) and the specific heat (c) of 

the strip are 27.6 W/re°C, 7,870 kg/m a, and 875 

J/kg°C, respectively. Therefore, the thermal dill 

fusivity (a) used in the calculation is 4.008/, 10 6 

me//s. 

Equation (4) is solved by the explicit finite 

difference equation using forward differencing for 

the time derivative and central dilt'erencing for the 

space derivative. The boundary conditions on the 

computational domain consist of the convection 

boundary and the symmetry boundary as shown 

in Fig. II. Here, both of the ternperatures of air 

and water are 30°C, and the initial temperature of 

the strip is l l00°C. The dimensions of the strip 

used in the calculation are 500 mm(Width) ×20 

mm (Thickness). The number of the grid elements 

is 10,000(500×20) and the grid step is 0.001 m in 

size and time step is 0.002 sec. The values satisfy 

the stability condition (Anderson et al., 1984). 

The temperature distributions are calculated by 

three steps. These steps are consist of the heat 

transfer befo,-e the hydraulic descaling(0sec-- 

3.7see), the heat transfer during the hydraulic 

descaling(3.7 sec -- 3.7006 sec), and the heat trans- 

fer after the hydraulic desca[ing(3.7006sec--10 

sec). The spraying time of 0.0006sec obtained 

flom tile spray thickness of 6 mm divided by the 

velocity of moving strip of 60mpm. Here, the 

value of spray thickness is obtained from the 

spray pattern observed on the lead plate. 

3.3 The  resu l t s  of  t e m p e r a t u r e  d is tr ibut ion 

The temperature distributions are shown in 

Fig. 12 at the overlap of 0ram, 10mm, 20ram, 

and 30 ram, respectively. These results are cal- 

culated at 6.3 sec after the hydraulic descaling is 

finished(namely at 10sec). That means tile time 

required between the hydraulic descaling and the 
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hot rol l ing in the ro l l ing  mill. The  t empera tu re  

va r ia t ion  in the d i rec t ion  of  the width  of  str ip at 

the over lap  of  10 mm is lower than  those for o ther  

cases as shown  in Fig. 12(b) .  In case of  the 

over lap  dis tance of  0 mm, the t empera tu re  var ia-  

t ion is h igher  than  that  at the over lap  of  10 mm 

owing  to the insufficient  water  jet  at the over lap  

as shown  in Fig. 12(a) ,  and  in cases of  the 

over lap  dis tance of  20 mm and 30 mm, the tem- 

pera ture  va r ia t ions  are h igher  than  that  at the 

over lap  of  10 mm owing to the excessive water  jet  

at over lap  as shown  in Fig. 1 2 ( c ) - ( d ) .  

3.4  T h e  r e s u l t s  o f  t e m p e r a t u r e  v a r i a t i o n  

w i t h  t i m e  

The  t empera tu re  va r ia t ions  with respect to t ime 

are ca lcula ted at over lap  o f  0 mm, 10 mm, 20 mm, 

and  30 mm as s h o w n  in Fig. 13, respectively. The  

solid lines represent  the t empera tu re  va r ia t ion  at 

the m a x i m u m  of t empera tu re  d rop  of  the s t r ip  

surface. The  dot ted lines represent  the tempera-  

ture va r ia t ion  at the m i n i m u m  of  t empera tu re  

d rop  of  the strip surface. The  t empera tu res  are 

d ropped  steeply du r ing  the hydrau l ic  descal ing 

process and  restored after the hydrau l i c  descal ing 

process. In the case of  over lap  of  0 mm, the mini-  

mum of t empera tu re  d rop  occurs  at the over lap  

owing to the lower  flow rate. Therefore ,  the dif- 

ference of  the t empera tu re  d rops  is larger than  

those in the cases of  over laps  of  10 ram, 20 ram, 

and  30 mm dur ing  the descal ing process  as shown  

in Fig. 13(a) .  in case of  over lap  of  10mm,  the 
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variation with overlap 

difference of  temperature drop is less than the 

case of  0 mm as shown in Fig. 13(b). In the cases 

of  overlap of  20 mm and 30 mm, the differences of  

temperature drops are large during the descaling 

process, however,  the differences are narrowed 

with respect to time as shown in Fig. 13 (c ) - (d ) ,  

and the values are larger than that at the overlap 

of  10 mm. 

4. Conclusion 

In the present study, the distr ibution o f  impact 

pressure was measured at the lead angle of  0 ° 

and the offset angle of  0 ° using the descaling 

simulator,  and the distr ibution of  impact pressure 

was calculated at the lead angle of  15 ° and the 

offsct angle of  15 ° by the Eq. (1) and Eq. (2). As 

a result, the minimums of impact pressure were 

0 bar, 3.5 bar, 5.8 bar, and 6.0 bar according to 

the overlap distances of  0 m m ,  10ram, 20ram, 

and 30 mm, respectively. In the cases of  the over- 

lap of  20ram and 30ram, the difference of  the 

impact pressure was only about 0.2 bar in spite of  

the difference of  10mm in the overlap distance. 

As the flow rate at the over lap of  30 mm is higher 

than that at the over lap of  20 ram, the temperature 

drop at the overlap of  30 mm is larger than that at 

the overlap of  20 mm though the min imum of  

impact pressure at these overlap is alike. 

The convective heat transfer coefficient used in 

the calculat ion was obtained from compar ing  the 

calculated temperature with the experimental  tern- 
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perature and then the temperatt.re distribt, tion in 

the strip was calculated by FDM. As a result, the 

temperature ,,ariation at the overlap o f  10ram 

was smaller than those at the overlap of  0 mm, 

20 ram, and 30 ram. 

As a result, if only the inininauna of  impact 

pressure is considered, the overlap distance of  

20 rnm is most suitable. If only the temperature 

,+ariation is considered, the overhtp distance of  

10mm is most suitable. In general, the overlap 

distancc have been set up as 10~ 15%o of the spray 

width. The overlap distance of  10 mm is the value 

of  about I 1 ~  lbr the spray width of  9Omm. On 

the other hand. the basic method of  setting nozzle 

intervals was shox~n in the present study. In the 

fttrther study, the distr ibutions of the impact pres- 

sure and the temperature will be obtained from 

3-dimensional  flow analysis in overlap sections. 

and then the nozzle intervals obtained from the 

o ' ,er lap distances will be applied to a roll ing mill. 
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