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Abstract − The effect of flow rate and nozzle plate size on distribution of fuel gas in combustion chamber of coke oven was

investigated experimentally by means of simulator. As experimental conditions, flow rates are 95-205 Nm3/hr and differences

of nozzle plate size are 1-3 mm. When the nozzle plate opening areas were equal, the flow rates at entrance were more little

than those at outlet by flow in a sudden enlargement. The gas flow rates were proportional to the nozzle plate opening areas

and the gradient of flow rate increased with increasing the gradient of nozzle plate opening areas. Even if the nozzle plate open-

ing areas increased and the gradient of nozzle plate opening areas was equal, the gradient of flow rate was not affected. The
gradient of flow rate decreased with decreasing the flow rate of outlet. When the nozzle plate opening areas of end flue were

full open, flow rates to end flue were suddenly increased.
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sole flue�) M�`@
 gh�®e§¯ q4 nozzle plate) �e^

gh�  flue� M�#� ; ��) `@
 gh�  Ov1 9 :�

[1]. '(� ° ;���� U�=��) ; �� M�`@
 gh�®

§¯ nozzle plate) �e^ gh�± ² j flue³ M�#� ; ��

) `@ VP� kS Y´I µ ^ ¶·c�� ����) O/� �

�� gh ¸ O/¹{ gh� �.� � 9 :� ; �� U� �

.^ qº�� _I) ���� ;<=> e»
 N¼��µ �½�.

2. � �

; �� `@gh\ nozzle plate �e gh� '¤ ;<Y³ j

flue) ; �� `@gh^ ¾��e pq Y. ����) ; ��

`�^ Y´YIJ �e) ¦< ¿Àc� .A�½�[2]. �ÁÂCÃ�

M�#� ��� Y. ������ !"#� ; �� kÄ Me^

!"�½c$ .A� �ÁÂCÃ) �P
 Fig. 1� ̄ Å³Æ�. �ÁÂ

CÃ) ¦<Ç¿^ ºN�e pq Y. ����³��) ; ��)

Reynolds number\ �ÁÂCÃ³�� !"� Me) Reynolds number

^ Èw�  ¦<Ç¿^ ºN�½�.

U�= É�� blower̂  TÊ�� ; �� 01
 �� Me^ Ë

��Æ�. EÉ� Me� sole flueX� TÊ� `@Ì^ ¥q `@C

ÍN#Æc$, ;<Y j flue) ; ��� ¯�� 34�) port� Î

ÏÌ^ TÊ�� ÎÏ
 ÍN1 9 :o �½c¯ ° Y´2 ¬9«

flue� £w� ÎÏÌ) ÐCÃ~ ̄ Å³Æ�. Nozzle plate� �� 20 mm,

Ñ� 50 mm) �e� Ñ� s,c� 0-50 mm) �e^ Ov1 9

:o .A�½�. ÒS Me� ÓÔ¯�� ­eg ©� `@Ov ÕÖ

^ TÊ�� ¯�� Me`@
 Ov1 9 :o �½�.

Nozzle plate �e� '¤ flue³ ; ��`@ U×^ ¾��e p

q U�=c� M��� `@
 95-205 Nm3/hr) Øp� gh�Ùc$,

nozzle plate size� 1-3 mm 
Fc� 34«ÚL gh�®§¯ 1, 2, 33,

34«
 ÛX5 50 mm open�®e[ �½�. ÍN ÎÏ2 S© ;<Y

J ¬9« ;<Y~ ÍN�½c$ ÎÏ
 `fc� ¹��� nozzle

plate �I
 Üq ̀ @c� g¹�� Ì��½�.

3. � �

3-1. Nozzle plate size ��� ��� ��/	
 ��

Nozzle platê  ÛX5 �s(100%)�� 50 mmÚL � 9 :�. ¿

Ý nozzle platê  50 mm� Þ�C �� U�= `@
 gh�®$

ÍNS ¬9« ;<Y) ÎÏ gh^ Fig. 2� ¯Å³Æ�. U�= `

@C ß�&9à nozzle plate 6«ÚL� ÎÏC 3á�� u Câ��

ÎÏgh� §) ã·
 ¾ 9 :�. CäS �32 U�=�� sole

flue�) = �k� Jq É�© nozzle plate) ÎÏ|Y� eJS b

c� åz��. uä¯ 3kIc� U�= `@C I
9à 1«� 34

«) ÎÏæC� §) ã�L� �3
 8 9 :�. ¬9« ;<Y)

ÎÏ
 `@c� ¹��� Fig. 2� ¯Å³Æ�. `@[ ÎÏ� §)

`!S {,
 ¯Å³� :c$, nozzle plate size ��� ãc� M

e� EÉ#� É�©C `@C Io ç��� ¯èL� §) yé�

o ç��$, U�= `@C êL� i, ���C ë�&9à É�©

`@��� 3kIc� êì
 ¾ 9 :�.

Nozzle plate sizê  30 mm(60%), 20 mm(40%), 10 mm(20%)� íÈ

�o `L�Ù
 ²) U�= `@gh� '¤ flue³ ÎÏ ¸ `@g

h^ Fig. 3-5� ¯Å³Æ�. Nozzle plate sizê Ao u>� Þ�C

`L1 {R ÛX �s�\ Vî5 �¤ ï2 �ð1 9 ãÆ�. i, nozzle

plate size� �c� nozzle plate size� 10-50 mmJ Y´ Øp ³�

�� ;<Y³ `@��� ã·
 ¾ 9 :�. Fig. 62 U�= `@

120 Nm3/hr� nozzle plate sizê íÈ�o ñ
 ²) òí`@ ky

;<Y³ `@
 ¯Åó `@��ôõc� nozzle plate size� íÈ�

� É�Í
 .ö�� ̀ @��� ã·
 ¾ 9 :�.

Fig. 1. Schematic diagram of coke oven simulator.
1. Blower 6. Combustion chamber
2. Air flow rate control valve of 7. Air inlet

distribution pipe 8. Air outlet
3. Nozzle plate 9. Sole flue
4. Air flow rate control valve of oulet 10. Regenerative chamber
5. Pressure gauge

Fig. 2. Effect of total gas flow rate on pressure/flow rate in flue.
(Nozzle plate opening area=20�50 mm)
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3-2. Nozzle plate size ��� ��� ��/	
 ��

Y. ����) nozzle plate� ; ��� M�#� É�©�� ÷

�©c� ø9à nozzle plate) �e� ù�S�. ub2 	hY) ú

C É�©�� ÷�©C ûe ²�� ÷�©) Z[^ ëo qm �e

²�C�[3]. '(� ° Y´��� nozzle plate) �e^ 1«�� 34

«©c� ø9à ù��®$ ;<Y³ ÎÏ
 ÍN�½�. Fig. 72 nozzle

plate) �e^ 30« e-c� 30«
 40 mm� �N�� 30« C��

1 mmü ý<, 30« C32 1 mmü ù��  2«2 26 mm, 4« 27 mm,

6« 28 mm, ..., 34«2 42 mm̂  `L�¢ â U�= `@gh� '¤

;<Y³ ÎÏU×^ ¯Åó uþC�. Nozzle plate) �e^ gh�

 [ nozzle plate� íÈ1 ²\ ÿ��L� 6«ÚL� ÎÏC ù��

� u Câ� ÈNÎÏ
 `L�§¯ �
 3áS�. uä¯ Fig. 7�

¯Åó �\ �C `@c� ¹��� ¯Å³� É�©�� ÷�©��

�� ß2 �) Me� `É�
 ¾ 9 :�. ÒS U�= `@C ù

Fig. 3. Effect of total gas flow rate on pressure/flow rate in flue.
(Nozzle plate opening area=20�30 mm)

Fig. 4. Effect of total gas flow rate on pressure/flow rate in flue.
(Nozzle plate opening area=20�20 mm)

Fig. 5. Effect of total gas flow rate on pressure/flow rate in flue.
(Nozzle plate opening area=20�10 mm)

Fig. 6. Effect of nozzle plate opening area on flow rate gradient in flue.
(Total gas flow rate=120 Nm3/hr, Nozzle plate opening area: 100%
=20�50 mm, 60%=20�30 mm,40%=20�20 mm, 20%=20�10 mm)
���� �38� �3� 2000� 6�
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m,
�19à É�\ ÷�©
) �æ� �� êì
 �C� :�. '(�

U�= `@C Ic� É�\ ÷�©
) `@�æ� §) ã�Ô Y

O/� nozzle plate �e^ gh�®L �2 3]�� U�= `@C

g�#� Z[ =>� �a� bc� åz��.

Fig. 82 Fig. 5) Y´O��� 2«� 34«
 50 mmÚL ÛX5 �

sS 3]�� ÍNS ;<Y³ ÎÏ ¸ `@U×^ ¯Åó uþC�.

2«2 	2 ÎÏ�[ Ë��� nozzle plate) �e� ê� 345 ß

2 `@C `É�
 �C� :�.

Fig. 9� nozzle plate) �e^ 30« e-c� 30«
 40 mm� �

� 30« C�� 2 mmü ý<, 30« C32 2 mmü ù��  2«2

12 mm, 4« 14 mm, 6« 16 mm, ..., 34«2 44 mm̂  `L�¢ â U

�= `@gh� '¤ ;<Y³ ÎÏ ¸ `@U×^ ¯Åó uþC�.

1 mm gh
�J Fig. 8� yq `@��� ù��
 �C� :�. '

(� �2 U�= `@
 M�1L([ nozzle plate �e��^ �o

19à ;<Y³ `@��� êL� b
 �J1 9 :�.

Fig. 102 ; ��`@
 205 Nm3/hr� ÈN�o M��� X nozzle

platê  2 mm 
Fc� 1 ²\ �2 O��� 2«� 34«
 50 mm�

�½
 ²) `@�� æC^ ¾��e pS uþC�. i, Xµ) 3]

�� âµ) 3]� nozzle platê  gh�®� X? `@��� �


ý<�� º�^ ¯Å³� :�. Cb2 É�©� ß2 `@C �
�

'( ÷�©c� ïæ `@C ��çe ²�c� åz��. '(� Y.

������ 34« flue) nozzle platê  full open� full open �L

�
 ²� yq `@��� �
 ý<�$, ÷�©c� ø9à full

open �L �
 ² �� I2 ̀ @C `É� bc� åz��.

Fig. 112 nozzle plate) �e^ 30« e-c� 30«
 40 mm� ��

30« C�� 3 mmü ý<, 30« C32 3 mmü ù��  2«2 1 mm,

4« 1 mm, 6« 4 mm, ..., 34«2 46 mm̂  `L�¢ â U�= `@

Fig. 7. Effect of total gas flow rate on pressure/flow rate in flue.
(Nozzle plate opening area: From No. 2=26 mm to No. 30=40 mm,
No. 34=42 mm, 1 mm increasing)

Fig. 8. Effect of total gas flow rate on pressure/flow rate in flue.
(Nozzle plate opening area: No. 2, 34=50 mm From No. 4=27 mm to
No. 30=40 mm, 1 mm increasing)

Fig. 9. Effect of total gas flow rate on pressure/flow rate in flue.
(Nozzle plate opening area: From No. 2=12 mm to No. 30=40 m
No. 34=44 mm, 2 mm increasing)
HWAHAK KONGHAK Vol. 38, No. 3, June, 2000
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s=
sis

m,
gh� '¤ ;<Y³ ÎÏ ¸ `@U×^ ¯Åó uþC�. 1 mm g

h
�J Fig. 7C¯, 2 mm gh
�J Fig. 9� yq `@��� ù�

�
 �C� :�. '(� �2 U�= `@
 M�1 L([ nozzle

plate �e��^ �o19à ;<Y³ `@��� êL� b
 �J1

9 :�.

Fig. 12� nozzle plate 1 mm, 2 mm, 3 mm gh
�
 ;<Y³ ò

í`@ ky `@c� ¯Åó uþC�. U�= `@C ÈN1 ² nozzle

plate ghúC * 3 mm gh
�� 1 mm gh
�� yq `@��

� ��. C �3
 C"�� YO/�� �2 U�= `@C M��

L([ �³Z[U×^ Z[æ� �o Ò� Ao gh�± 9 :
 b

c� åz��.

Fig. 132 2«
 18 mm� `LS â 2 mmü ù��  4« 20 mm,

6« 22 mm, ..., 34« 50 mm� �sS â) U�= `@gh� '¤

;<Y³ ÎÏ ¸ `@gh^ ¯Åó uþC�. Fig. 9� yq nozzle

plate gh� 2 mm� �c¯ nozzle plate �e� ê� {RC�. Nozzle

plate) �e� êÔ[ �egh� �c� `@��� §) gh� ã

·
 ¾ 9 :�.

Fig. 14� nozzle plate gh@
 2 mm� ÈN�o �� �e gh


�
 ;<Y³ òí`@ ky `@c� ¯Åó uþC�. U�= `

@C ÈN1 ² nozzle plate ghúC ÈN�� `@��� §) ã

Fig. 10. Effect of total gas flow rate on pressure/flow rate in flue.
(Nozzle plate opening area: 2 mm=From No. 2=12 mm to No. 34=
44 mm, 2 mm increasing No. 2, 34 50 mm=From No. 4 14 mm to No.
32=42 mm, 2 mm increasing, Total gas flow rates=205 Nm3/hr)

Fig. 11. Effect of total gas flow rate on pressure/flow rate in flue.
(Nozzle plate opening area: From No. 2, 4=1 mm to No. 30=40 mm,
No. 34=46 mm, 3 mm increasing)

Fig. 12. Effect of nozzle plate opening area on flow rate gradient in flue.
(Nozzle plate opening area: No. 30=40 mm, Total gas flow rate
120 Nm3/hr, 1 mm=No. 30 basis 1 mm increasing, 2 mm=No. 30 ba
2 mm increasing, 3 mm=No. 30 basis 3 mm increasing)

Fig. 13. Effect of total gas flow rate on pressure/flow rate in flue.
(Nozzle plate opening area: From No. 2=18 mm to No. 34=50 m
2 mm increasing)
���� �38� �3� 2000� 6�
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m,
n,
te
·
 ¯Å³� :�. '(� nozzle plate ghúC ¡(Ôm~ `@�

�^ gh�± 9 :
 bc� åz��.

3-3. 
�� ����� �� ��� ��/	
 ��

Fig. 15\ 162 jj Fig. 2\ 9) O��� ­egc� ¯�� Me

`@
 Ov�� ÕÖ) �[^ 100-30%ÚL Ov��� U�= `@


 120 Nm3/hr� ÈN�o `L�� ;<Y³ ÎÏ ¸ `@gh^ ¯

Åó uþC�. Nozzle plate) �egh� �=�o ­eg ÕÖ) �

[^ Io 19à ;<Y³ `@��� §) ãC É�©� ÷�©)

`@C §) yéqL� �3C ¯ÅB�. Cb2 ­eg© ÎÏC ê

L� X? ;<Y³) ÎÏC `!qÔ `@��� ã�L� bc�

åz��.

3-4. ���� ��� ����

C3� �2 Y´º�^ ¥q Y. ���� O/�� ��� 9 :

� 3�� '¤ nozzle plate size) IvS Owst2 �·� ��.

3-4-1. ��� ù�(U�= ̀ @ ù�)�

ò3 ����� ���C ù��� U�= `@C ù�S�. N3I

J `@ ��^ `LS 3]�� U�= `@C ù��� `@���

êìC Y´
 ¥q �J#Æ�. '(� U�= `@ ù�� É�©)

`@C L¯wo ß�Ô� É�©C ÷�©�� ���
C �(& 9

:�. '(� CäS �3� k��e pq�� nozzle plate sizê A

o qm S�. i, Fig. 12) º��� ¯Å¯�C �2 �) U�=`

@C M��L([ nozzle plate size� �� `@��� A�Le ²

�� U�=`@ ù�� nozzle plate sizê �C� bC IvS Ow

� åz��. C² nozzle plate sizê �È ²� ;<Y³ nozzle plate


) 
F
 Ao ���� �e��^ Ao qE�m S�. Fig. 14�

¯Åó �\ �C �e��^ gh�®L �� È�Ic� nozzle plate

size~ �C� `@��� g�L �e ²�C�.

3-4-2. ��� ý<(U�= ̀ @ ý<)�

���C ý<�� U�=`@C ý<1 {R� �k� nozzle plate

sizê  �o �� Z[��^ �o q E�m S�.

3-4-3. ­egÎÏ ù��

È�Ic� dÉ@C ù��� dÉÂ�C ë�L� h�) �C^

Fig. 14. Effect of nozzle plate opening area on flow rate gradient in flue.
(Nozzle plate opening area: No. 2, 34=50 mm, 14-42 mm=No. 4 14
mm, No. 32 42 mm, 2 mm increasing, 20-48 mm=No. 4 24 mm,
No. 32 48 mm, 2 mm increasing)

Fig. 15. Effect of outlet gas pressure on pressure/flow rate in flue.
(Nozzle plate opening area: No. 2, 34=50 mm, 100%=Outlet flow
rate control valve 100% open, 30%=Outlet flow rate control valve
30% open, Total gas flow rate=120 Nm3/hr)

Fig. 16. Effect of outlet gas pressure on pressure/flow rate in flue.
(Nozzle plate opening area: From No. 2=12 mm to No. 34=44 m
2 mm increasing, 100%=Outlet flow rate control valve 100% ope
30%=Outlet flow rate control valve 30% open, Total gas flow ra
=120 Nm3/hr)
HWAHAK KONGHAK Vol. 38, No. 3, June, 2000
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-

e

�o qm S�. uäe pq�� ­egÎÏ
 ë� topÎ
 ë�E�

m S�. C\�C ­eg ÎÏC ë�L� ÈNS U�=`@
 M�

1L([ ̀ @��� §) ã�L� º�^ Fig. 16�� �J�½�. '

(� O/6 ­eg© ÎÏ
 ë�m 1 3�C ��#� nozzle plate

sizê  �o �� `@��^ �o qE�m 1 bc� åz��.

3-4-4. ­egÎÏ ý<�

­egÎÏ
 ý<� m �� O/3���� �k� nozzle plate

sizê  �� E�m S�.

4. � �

U�= `@� nozzle plate �e gh� '¤ j ;<Y³ ÎÏ ¸

`@U×� kS ;�º� �·� �2 º�
 ¶Æ�.

(1) Nozzle plate size ��� ãc� Me� EÉ#� É� ©C `

@C Io ç��� ¯èL� §) yé�o ç��$, U�= `@C

ê&9à É�©) `@��� 3kIc� ê��.

(2) Nozzle plate size ��� ãc� �e� �Ý AÝ ;<Y³ `

@��� ã�.

(3) Nozzle plate) �e^ 1«�� 34«©c� ø9à ù��®�

É�©�� ÷�©�� �� ß2 �) Me� `É��. ÒS U�=

`@C ù�19à É�\ ÷�©
) �æ� �� ê��. '(� U

�= ̀ @C Ic� É�\ ÷�©
) `@�æ� §) ã���.

(4) �2 U�= `@
 M�1L([ nozzle plate �e��^ �o

19à ;<Y³ `@��� ê��. '(� ��� ý<� U�= `

@C ý<�� nozzle plate �e��^ �o �� `@��^ êLo

qm S�.

(5) End flue) nozzle platê  full open� full open �L �
 ²

� yq `@��� �
 ý<�$, É�©c� ø9à full open �L

�
 ² �� I2 `@C `É�
 ¾ 9 :Æ�.

(6) Nozzle plate) �e� êÔ[ �egh� �c� `@��� §

) gh� ã·
 ¾ 9 :�.

(7) Nozzle plate) �egh� �=�o ­eg ÕÖ) �[^ Io

19à ;<Y³ `@��� §) ãC É�©� ÷�©) `@C §

) yéq��. '(� ­eg© ÎÏ
 ëC� {R nozzle plate �

e��^ �o q E�m S�.
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