
§1.4	  Deriva,on	  of	  Basic	  Set	  of	  Eqs.	  
to	  be	  used	  in	  Environmental	  Flow. 

	



Deriving	  a	  Basic	  Set	  of	  Fluid	  from	  Transport	  Eq.	

By	  Regarding	  	  	  	  	  as	  Various	  Quan,ty,	  a	  Basic	  Set	  of	  Fluid	  Dynamics	  Eqs.	  is	  given.	φ

1.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Density)	φ = ρ
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2.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Salinity)	φ = s
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3.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Water	  Temperature)	φ = T
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:	  Energy	  Change	  Between	  Water	  Surface	  and	  Atmosphere.	φHeat
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Energy	  Change	  Between	  Water	  Surface	  and	  Atmosphere.	

φHeat :	  Evaluated	  with	  Meteorological	  Data	  (Air	  Temp.,	  Humidity,	  Solar	  Radia,on,…)	

Solar	  
Radia,on	

φI

φL
Long	  Wave	  
Emission	

Latent/Sensible	  
Flux	
φe +φc

Water	  
Temp.	Ts Penetra,ng	  	  

Radia,on	

φHeat = (1−α)βφI −φL − φe +φc( )

On	  Water	  Surface	

α:	  Reflec,on	  Rate	  (Albedo)	
β:	  Absorp,on	  Rate	
φL,	  φe,	  φc	  :	  Evaluated	  by	  Empirical	  Eq.	  	
	

eg).	 ( )[ ]2654 17.00.110937.097.0 CTT AssL +×−= −σφ

Under	  Water	  Surface	

( )1 (1 ) exp[ | |]d abs Ir b z hφ φ η= − − − −

Penetra,ng	  Solar	  Radia,on	  Decays	  Exponen,ally	  (Lambert-‐Beer’s	  Law)	  	  	



Deriving	  a	  Basic	  Set	  of	  Fluid	  from	  Transport	  Eq.	

By	  Regarding	  	  	  	  	  as	  Various	  Quan,ty,	  a	  Basic	  Set	  of	  Fluid	  Dynamics	  Eqs.	  is	  given.	φ

4.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Momentum)	φ = ρu = ρ u,v,w( )
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In	  Actual	  Environment,	  Various	  Kinds	  of	  Extra	  Forces	  	  	  	  	  	  	  	  	  	  are	  Affected.	

+FE

FE

FE = FP +FW +FB +FG
Pressure	   Wind	  

Fric,on	  
Gravity	  Bodom	  

Fric,on	  



Pressure	

x

Depth	  
H[m]	

Pressure	

Hydraulic	  Sta,c	  Pressure:	  	P = ρgH
∝Depth	

If	  there	  is	  spa,al	  change	  of	  Water	  Surface,	

PBPA

PA ≠ PB

Water	  Element	  (1×1×1=1m3)	

1m

A B

PA PB

Force	  On	  Surface	  A;	PA
Force	  On	  Surface	  B;	PB

Net	  Force	  Affect	  on	  Element;	

FP = (PA −PB )

(+x	  Direc,on)	

(-‐x	  Direc,on)	

= −
∂P
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Force	  due	  to	  Pressure	  	

In	  3D,	

FP = −
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Pressure	  Force	  is	  Represented	  by	  Spa,al	  Gradient	  of	  P	  in	  each	  Direc,on.	



Bodom	  Fric,on	

Bed	  (Riverbed	  or	  Lakebed)	

Even	  if	  the	  Bed	  Surface	  seems	  Flat,	

Undula,on	

In	  the	  micro	  scale,	  always	  there	  is	  Undula,on.	

Obstruct	

Flow	  U	

Due	  to	  Undula,on,	  Flow	  nearby	  the	  Bed	  is	  Obstructed.	

Bodom	  Fric,on	  Force	  	  	  	  	  	  	  	  	  	  	  Affects	  Near	  the	  Bed	  
To	  Reduce	  the	  Flow	  U.	  	

FB

FB



Bodom	  Fric,on	

General	  Form	  of	  Fric,on	  Force;	

Small	  Undula,on:	  Small	  Fric.	

Fric,on	  Coefficient	  	  	  	  	  	  	  	  Depends	  on	  Magnitude	  of	  Undula,on.	

FB

FB = −ρwater fb u u
u

u

:	  Flow	  Velocity	  Near	  the	  Bed	

fb :	  Fric,on	  Coefficient	  (Magnitude	  of	  Fric,on)	

Large	  Undula,on:	  Large	  Fric.	

FB

u

fb

fb = 0.0026Standard	  Value	  for	  River	  &Lake;	



Wind	  Fric,on	  	

Wind	  Blowing	

Undula,on	  	  
(Surface	  Wave)	

Pushed	  to	  
Downstream	  of	  Wind	

Wind	  Fric,on	  Force	  :	  	  	FW = ρAirCD Uwind Uwind

FW

CD

ρAir

Uwind

Uwind
:	  Wind	  Velocity	  	  
(at	  the	  Height	  of	  10m	  above	  from	  the	  water	  surface)	

:	  Density	  of	  Air	

:Wind	  Drag	  Coefficient	  (Efficiency	  of	  Energy	  Transf.	  from	  Wind)	



Wind	  Fric,on	  	

Undula,on	  	  
(Wind	  Wave)	

FW

CD = 0.5×10
−3 Uwind

Uwind

As	  Wind	  is	  Strong,	  Water	  accelerate	  more	  efficiently	  by	  Wind.	

Cause	  of	  Undula,on	  ;	  
	  “Wind	  Wave”	  Generated	  by	  	  
	  Strong	  Wind.	

Weak	  Wind	  ;	  Small	  Undula,on	 Strong	  Wind	  ;	  Large	  Undula,on	

Undula,on	  	  
(WindWave)	

FW

Uwind

Generally,	  Cd	  is	  Assumed	  as	  a	  Func,on	  that	  Increases	  as	  Wind	  Speed.	



Equa,on	  of	  Mo,on	  for	  Water	  Flow	

By	  Subs,tu,ng	  Each	  Force,	  	
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Navier-‐Stokes	  Eq.	  for	  Environmental	  Flow	
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Summary	  of	  Basic	  Equa,ons	  for	  Water	  Flow	  	  	

Unknown	  Physical	  Quan,ty	  to	  be	  Solved	  to	  Know	  the	  Flow;	  	5	  Quan,ty	  (	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  )	  	  	u,v,w,ρ,P
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Momentum	  Eq.(	  3	  Eqs.)	

Transport	  Eq.	  for	  Density	
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Incompressibility	

∇⋅u = ∂u
∂x
+
∂v
∂y
+
∂w
∂z

= 0

According	  to	  Above	  5	  Eqs.,	  	  We	  can	  know	  	5	  Quan,ty	  (	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  )	  	  	u,v,w,ρ,P


