
摘要  

非正交曲線座標顯式有限解析法動床模式之特點為:(1)

引介貼壁座標系統，以描述天然河道不規則變化的邊界； (2)

引介有限解析法，此一方法有別於習見之有限差分法或有限

元素法，該法原應用在流力問題上且成果甚佳； (3)輸砂通量

考量非均勻沉滓之懸浮載及河床載運移，以及兩者間交換之

機制。 

為使此水平二維動床模式功能更趨完備，以符合台灣河

川治理規劃之需，本研究延續模式既有架構，發展具模擬河

道岸壁側向變遷之功能，以便較正確掌握河道或渠道在水流

作用下之垂向沖淤與側向變遷之行為。目前已建制完畢之側

向變遷機制計有非凝聚性沈滓之岸壁沖刷機制及凝聚性沈滓

之圓弧及平面崩坍機制。 

經由測試案例模擬發現上游入流量對於非凝聚性沈滓之

岸壁沖刷影響較大；岸壁土壤臨界剪應力則是對於凝聚性沈

滓之圓弧及平面崩坍機制影響較大。現地模擬案例常遭遇乾

濕互見之渠槽底床，目前能針對河道幾何變化未較複雜者進

行模擬，未來可朝此問題再做深入探討，以增加模式之實用

性。 
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A B S T R A C T  

 The special features of the 2-D explicit finite analytic depth-averaged mobile bed 

numerical model derived on non-orthogonal curvilinear coordinate system include: (1) 

the development of a generalized body-fitted coordinate system to describe the irregular 

boundary of natural river; (2) the adoption of the finite-analytic method, which is 

different from the common finite-difference or finite-element method, and is originally 

proposed for solving the fluid-mechanics problems with great success; (3) non-uniform 

sediment transport in form of suspended and bed load, with the consideration of 

exchange mechanic between them. 

In order to expand the model applicability, the study established lateral bank 

migration mechanics in the previous framework. The established mechanics would 

clarify the later mobile migration behavior. The model had developed bank erosion 

mechanism of non-cohesive sediment and rotational and planar failure mechanisms of 

cohesive sediment.  

Through the simulation of testing cases, it had shown that the upstream water 

discharge played an important role in the bank erosion mechanism of non-cohesive 

sediment, while the soil critical shear stress had most effect in the rotational and planar 

failure mechanisms of cohesive sediment. In the simulation of practical cases, it had 

suffered enormous challenge of alternative dry and wet bed problem. At the present time, 

the model could simulate the cases of less complex channel morphology. It is suggested 

to pay more attentions to this problem to enhance the model practicability. 
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符號表 
a  =沙丘高度之一半  

BW  =崩坍後岸壁頂部之拓寬量 

b  =滑落土體的寬度 

bs =比例係數  

C =某一代表粒徑之懸浮質濃度 (上標 -代表水深平均之

物理量 ) 

  C =Chezy係數  

c g= h  為擾動波傳遞的速度  

)
3
12log(18

90D
dc =  為顆粒蔡司係數  

cohC  =土壤黏性係數 

Ck   =顆粒k之深度平均濃度。  

 d =水深  

dr  =控制體積之寬度 

3
1

2*

)1(
⎥⎦
⎤

⎢⎣
⎡ −

=
ν

gsDD kk  為無因次顆粒粒徑  

mD  =不產生移動的最小顆粒粒徑  

DtD  =對於時間之全微分運算  
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mE  =作用層厚度  

F =體力 (body force)向量  

pFS  =平面崩坍安全因子 

rFS  =圓弧崩坍安全因子 

FD  =土體崩坍的下滑驅動力 

FR  =抵抗土體崩坍的摩擦力 

f =Darcy-Weisbach摩擦係數  

f  =函數 f在Zb至Zs間的平均值  

gmn  =公制係數 (metric coefficient) 

H  =岸壁高度 

'H  =未發生沖刷之岸壁高度 

bh  =近岸水深 

•

bh  =岸壁底床沖刷率 

K =懸浮質擴散係數  

tciK  =張力裂縫指標 

LE  =橫向沖刷速率 

m =累加指標  
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N =常數 (定義為 κ 8
f ) 

P =壓力  

p   =孔隙率  

bqϖ  =河床載通量  

sqϖ  =懸浮質之擴散通量 (flux) bqϖ   

b
sq  =近岸縱向河床載通量 

'b
rq  =近岸側向河床載通量 

''b
rq  =重力所引起之側向河床載通量 

r =曲率半徑  

degr  =起始土體沖刷速率 

S   =懸浮載資源項 (source term) 

ρ
ρ ss =  為砂比重  

fS  =作用層底部資源項  

dS  =因非線性移流項進行水深積分而產生之延散項  

pS  =靜水壓產生之傳播項  

friS  =水流與固體邊界作用之摩擦項  
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tS  =紊流項  

cS   =層流黏滯項  

oxS   =底床坡降 ; 

fxS   =能量坡降  

t  =時間  

 TK =非均勻沉滓之代表粒徑數  

2
*

2
*

2
*

)(
)(

kc

kc
k u

uV
T

−
=
ϖ

ϖ  為輸送參數  

u  =主流流速  

u  =水深平均之主流流速  

lu  =縱向速度分量 

wu  =土體基腳處之孔隙水壓 

u c*  =臨界剪應力   

uns   =自由水面處之二次流流速  

V  =速度向量  

fV  =崩坍岸壁的體積 

v  =側向流速  

rv  =側向速度分量 
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c
gV

V
ϖ

ϖ
=*  為有效河床剪力速度  

v  =水深平均之淨側向流速  

v vi m  =表示雷諾剪應力項  

SW  =土體的重量 

tW  =崩坍土體的重量 

dy  =張力裂縫深度 

Zb =底床高程  

Zs =水面高程  

φ  =流場變數  

resφ  =安息角 

friφ  =土壤摩擦角 

α   =岸壁傾斜角度 

ratα  =上升(lift)係數與阻抗(drag)係數之比值 

β   =底床剪力與流場主流方向之偏差角 

2β   =岸壁側向角度 

pβ   =崩坍平面傾角 

disβ  =作用層內某一代表粒徑之組成百分比  
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γ   =岸壁土體比重 

bankt∆ =岸壁沖刷時距 

δ   =距離底床之高程 

κ  =von Karman係數  

µ  =動力黏滯係數  

friµ  =摩擦係數 

ν   =運動滯度  

ρ  =流體密度  

sρ   =沉滓密度  

τ   =作用在岸壁上之流體剪應力 

bτ  =作用於岸壁上之剪應力 

cτ  =岸壁土體之臨界剪應力 

lτ  =摩擦剪應力 

*τ  =無因次剪應力 

c*τ   =無因次臨界剪應力 

lkw  =顆粒向上躍起之速度  

  下標 s =代表在自由水面位置  

下標 car =代表在代表卡氏座標系統中  
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下標 cur =代表在一般曲線座標系統中。  
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