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1. Drop  
2. Rapidly Varied Flow  
3. Brink Depth  
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4. Free Nape  
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[$=�<JC�o4Oc  �� 9&5�� �I� %� A�&"T �0=.

1. End Depth Ratio 
2. Confined 
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�
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�F* /��

�� � �"&J
 2�
0� �,4�:1 ��4�6 U0N� ��7 q�5 �
01 

�c4%�1 �	Y&� ��4�6 97��0* DN:� �4
 %� %��5 D4�01 �

�P	1�&�
�%�	
<�
 .,- %�+%��*� ��	Y&� ��4�6 �D4��
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��� %��5 D4�01 ��=�* r	1�&�
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 ��
01 .�*

[P= 9* 9601 +-��'� DE�:� �	* 2?��
b�c�4� �%0e* 

9* �� <�� �4�:

hc+αcVc
2/2g=hb+αbV2

b/2g-hbVb²/rg+∆E-∆Z )�(

�� %� 97c�b9* �@* �t�"&� Q	1�1 D@N:� c�b�h/@�� 

���4�6V���@4�6 k�0&� <��� ∆Ε �2?�@�
 <@5
 ∆Z

DE�@:� �	@* A�@��7 B@7 p�@)1%
 u�&�
b�c�rp�'@= 

�"F�
2,- %� ��4�6 +�%��*� g.�&@= 9@*R�6�αQ4�@S 

D4�01 <��� <�
 �@�
�F* /�� �* DN:� %� �� %
�:� 97

*,- �* �*
�+<@�
 ��= 9&5�� �I� %� %��*� )αc=αb=α(.�@*

 A�@��7 B@7 u�&�
 ��
�F* �4� ��4�6 %� 9P"4
 9* 9601

 DE�:� �	* ��107 9�(�5 %�c�bO@7 %�	J* ��0@* <@5
 �

� ��4� ^	� 2?��
<J	 �%�@,� �(∆E-∆Z) 9@N*
% %� )�(
%

�� �
01 �*
�* v�,4�:1 <5�� �I� %� �)( .�@5�E �
 @n �@* %
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�V=Q/A 9N*
% %� )�(�� %� 97 A��@4�6 D@N:� dN� 

�Q9N*
% �<�
 ��4�6 �*� )�(@*9J@40���* �@4� �%0@(�

�� �0=:

hc+αQ2/(2gAc²)=hb+αQ2/(2gAb²)-hbQ2/(rgAb²) )w(

DN:� %�c�* ��4�6<�
 O7�  �4� 9N*
% ��
�F* :

αQ2=gA3
c/Tc )x(

�� %� 97T<�
 .� �
�� dN� %� q�� .��
� %
�n �*

Q9N*
% �
)x(9N*
% %�)w(O4%
�:

hc+0.5Ac/Tc=hb+0.5Ac
3/(Ab

2Tc)-hb[Ac
3/(αAb

2Tcr)] 
)y(
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)y(�*hc* �4� 9-��'� �9�� <�� �4�:

1+Ac/(2Tchc)=(Ac/Ab)2(Ac/2Tchc)+(hb/hc)2 )z(
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� ��&J* A���7 [P= 9* 97��.��	N&J� A���7 %� c1=b �

c2=0 �@M�M� A�@��7 %� �c1=2m �c2=1 A�@@��7 %� � ��0@* 

��#� �#�� %
�:� �� �		'1 ��#� 9-��'� 9* 9601 �* �0@=.

�c"4
 %�ĥ�*
�* h/d %����7A2�
 ��4
� 2
�h/z �@��7 %� A

<�
 ;0P'� �M�M� .z��0* A���7 p�)1%
 )[P=x(�ψ(ĥ)

�η(ĥ)9* ^	� 9* �4� �%0( �� <�� �4�:

ψ(ĥ)=arc sin(2ĥ)+2ĥ(1-4ĥ2)0.5 ){(

η(ĥ)=arc cos(1-2ĥ)-2(1-2ĥ)(ĥ(1-ĥ))0.5 )|(

+@N*
% �
 ��4�6 �*� �	�C1 2
�*)x(�@� ���)&@�
 �0@= .

��
� %
�@n �@* %0I"� �4
 2
�*α=1 �@��"
 ��e@C�� �

�
0C-� A���T)A�T(�EDR 9@* +@N*
% %� ��@�� <@��

)x(%��@*� +@,- %� /@�� �
 �'*�@1 �%0( 9* ��4�6 �*� �

)hb(9*�� <�� �4� .��
��
 �* [�� %� 2�@	�hb�@� �
0@1

 �� �	@�C1 
% ��4�6 �*� .A��@6 %� w��4�@#� �G��@'� 

1. Head 

 9* 2
�* ����%�� <EDR �@
 9@* U0@*�� ��@4�6 �*� �

�� %� 97 ��= 9>
%
 A���7N�*
�* mh/b<�
 .

2*+3
��" � 4��$��" 5
�6� 
9* �G��'� 9* 9601 �* 9,@��F� 2
�@* ��@�� <��EDR �

��4�6 �*� A���7 %� �@4� H4�@&� �B@�&C� DE�@:� �@* 2�


�� [(�  �0=:

��A���7 %� ��	N&J� �EDR 9*���� <��
�L�% 

2��#"�	K �*
�*|}|/}A��6 %� 97 %0N���
 � <�
 x

9* �4��:� �* ��= ��
� ���� �
��4� k�01 ���� <��

 2^	W�� u�&�
)���  %����1w+�(%� (�%
� .

�	"V�
��*
�* 2��#"�	K L�% ;��
 �* ��4�6 �*� 

1.6818g0.5bhb
1.59* �� <�� 9* r4�^� %�	J* 97 �4�

9* �4��:� �� <�� %� �4�N� � ��0* �
��4� k�01 ��

 ��� x��1w+�%
� �(%�.

!���M�M� A���7 %� EDR 9*L�% �
 ���� <��

 2��#"�	K �*
�*�/}A��6 %� 97 %0N���
 � <�
 x���� 

9* �4��:� �* ��= ��
� k�01 ���� <��Rajaratnam and 

Muralidhar (1964) �Ali and Sykes (1972) �Murty 

(1994) 
���  %� 2^	W�� u�&��+L�% �* � �(%�

Anderson (1977) ���  %� �5�&�
 z�%
� �(%� .

�	"V�
��*
�* 2��#"�	K L�% ;��
 �* ��4�6 �*� 

1.2345g0.5mhb
2.59* �� <�� �4� .9* ^	� �c"4
 %� ^6

L�%Anderson (1977)  %�	J* ��4�6 �*� �4��:� �

9* �4��:� 9* r4�^� k�01 ���� <�� � <�
 �
��4�

 �
 �&�7 �4�N�w��%
� �(%� .

x�A���7 %� ��#� �EDR 9*L�% �
 ���� <��

 2��#"�	K �*
�*|{wz/}���
 � <�
 A��6 %� 97 %0Ex

9* �4��:� �* ��= ��
� ���� k�01 ���� <��Rajaratnam 

and Muralidhar (1964) �Ali and Sykes (1972) �
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Murty (1994) 2^	W�� u�&�
 ���  %� w±�(%� 

�%
� .�	"V�
��*
�* 2��#"�	K L�% ;��
 �* ��4�6 �*� 

0.936c1g0.5hb
29* �� <�� %� �
��4� 2�
%�7 �* 97 �4�

 ��� y��1z/w+�%
� u�&�
 �(%� .�^	� �%0� �4
 %�

 H4�&� �* �S�  /	:F1 H4�&�Anderson (1977) u�&�
 

9I �� [*�n �� 
�	K 2
 �"7 .<�
 l�G H4�&� 97 �0= �7R 

�� ���� /	:F1 �4
 �
 [(�  �* 2��#"�	K L�% 97 �
�

��
� �%
� �*0� %�	J* /*�N1 �
��4� �
���4���� 2�
���
 

�� 
�	K u�&�
 �
��4� �S�4% 2�#=�% �* �"7.

y�[P= %� 97 %0N���
w���= ��
� ���� B-
 A�@��7 %�

9:���R �2
 �
���4���� H4�&� �	*Diskin (1961) Q	= �* 

�,��@6)z/�=m(�Pagliara and Viti (1995) L�% �@*

 ��
��� 2^	W�� u�&�
 2��#"�	K ���0=�H4�@&� �@* �@�
 

�
���@@4����Keller and Fong (1989) �	@@"V�
 �

Diskin (1961))w=m(�9734���� 
% �0� 2�
 2�% �@*

w/�Nc≥��
� l�c�
 ��
�<�
 9I �� [*�n u�&�
.

�*I 8���4�6 DN:� dN� )A(.� �
�� dN� %� q�� �)T(B�&C� �S�� DN:� �* 2�#-���7 2
�* 

8�$�9 �J?� KLM� AT

��	N&J� bh b

�M�M� mh22mh 

��#� 21+c
1 2[c /(1+ c )]h2c

1c h
9:���R 2
bh(1+mh/b) b+2mh 

;0P'� �M�M� z2(2-ĥ)ĥ/30.5 2z(1-ĥ)/30.5 

��4
� O	� ;0P'� 2
 0.25d2ψ(ĥ)d(1-4ĥ2)0.5 

��4
� 2
0.25d2η(ĥ)2d[ĥ(1-ĥ)]0.5 

8�*IF9,��F� 2
�* �>�#� �G��'�EDR B�&C� �S�� DN:� �* 2�#-���7 %� ��4�6 �*� �)X=EDR(

8�$�9 �J?� KLM� :;&�D� �C��$ �<��N� EDR ��C?I ��� 

��	N&J� 3/2=1/(2X2)+X2Q=1.6818g0.5bhb
1.5 

�M�M� 5/4=1/(4X4)+X2Q=1.2345g0.5mhb
2.5 

��#� 4/3=1/(3X3)+X2Q=0.936c1g0.5hb
2

9:���R 2
(3+5Nc)/(2+4Nc)= 
(1+Nc)3/[2(1+2Nc)(1+Nb)2X2]+X2Q/(g0.5b2.5)=Nb

1.5(X+Nb)1.5/(X5m3(X+2Nb))0.5 

;0P'� �M�M� 1+0.25(2-ĥc)/(1-ĥc)= 
(2-ĥc)3/[4(1-ĥc)(2-ĥb)2X2]+X2Q/(g0.5z2.5)=(ĥb

3/6)0.5(2X-ĥb)1.5/[X5(X-ĥb)]0.5 

��4
� O	� ;0P'� 2
 1+ψ(ĥc)/[8ĥc(1-4ĥc
2)0.5]= 

ψ3(ĥc)/[8ĥcψ2(ĥb)(1-4ĥc
2)0.5]+X2Q/(g0.5d2.5)=X0.5ψ(ĥb/X)1.5/[8(X2-4ĥb

2)0.25]

��4
� 2
1+η(ĥc)/[16ĥc(ĥc(1-ĥc))0.5]= 
η3(ĥc)/[16ĥcη2(ĥb)(ĥc(1-ĥc))0.5]+X2Q/(g0.5d2.5)=X0.5η(ĥb/X)1.5/[128ĥb(X-ĥb)]0.5 
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8�*IO9J4�:�EDR9* ��4�6 �*� �A���7 %� �
��4� H4�&� �* ���� <�� ��#� � �M�M� ���	N&J� 2�
 

P(JE� Q%�)  ��C?I ���)Q( Q%�)  X=hb/hc '(MMD� �J?� KLM� 

%0eF� �	� � 1.6818g0.5bhb
1.5 � 0.707 ��
�	* � 20,� 

%0eF� 1.68% 1.654g0.5bhb
1.5 -1.12% 0.715 Rouse (1936) 

%0eF� 1.68% 1.654g0.5bhb
1.5 -1.12% 0.715 

%0eF� �	� -0.44% 1.6893g0.5bhb
1.5 0.28% 0.705 

Rajaratnam & 
Muralidhar (1964) 

%0eF� �	� -2.77% 1.7297g0.5bhb
1.5 1.87% 0.694 Anderson (1977) 

%0eF� �	� -2.35% 1.7222g0.5bhb
1.5 1.58% 0.696 Hager (1983) 

%0eF� �	� -0.44% 1.6893g0.5bhb
1.5 0.28% 0.705 Murty (1994) 

��	N&J� 

%0eF� �	� - 1.2345g0.5mhb
2.5 - 0.800 ��
�	* � 20,� 

%0eF� �	� -1.62% 1.2548g0.5mhb
2.5 0.63% 0.795 Rajaratnam & 

Muralidhar (1964) 
%0eF� �	� -0.68% 1.243g0.5mhb

2.5 0.25% 0.798 Ali & Sykes (1972) 

%0eF� �	� -11.51% 1.395g0.5mhb
2.5 5% 0.762 Anderson (1977) 

%0eF� �	� -1.62% 1.2548g0.5mhb
2.5 0.63% 0.795 Murty (1994) 

%0eF� �	� 0.56% 1.2276g0.5mhb
2.5 -0.25% 0.802 Ahmad (2002) 

�M�M� 

%0eF� �	� - 0.936c1g0.5hb
2 - 0.762 ��
�	* � 20,� 

%0eF� �	� 2.52% 0.913c1g0.5hb
2 -1.23% 0.772 Rajaratnam & 

Muralidhar (1964) 
%0eF� �	� -4% 0.975c1g0.5hb

2 2.07% 0.747 Ali & Sykes (1972) 

%0eF� �	� -7.33% 1.01c1g0.5hb
2 3.74% 0.735 Anderson (1977) 

%0eF� �	� -1.16% 0.947c1g0.5hb
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