
Ðåñßëçøç

Óôçí åñãáóßá áõôÞ ðáñïõóéÜæåôáé ç ðåðëåãìÝíç ôå÷íéêÞ åðéëýóåùò

MacCormack ãéá áãùãïýò åëåõèÝñáò åðéöáíåßáò. Ç ôå÷íéêÞ åöáñìü-

æåôáé ãéá ìïíïäéÜóôáôç õðïêñßóéìç êáé õðåñêñßóéìç ñïÞ. Åðßóçò,

åöáñìüæåôáé ãéá ôçí åðßëõóç õäñáõëéêþí áëìÜôùí ãéá ôçí áíÜäåéîç

ôùí óõíôçñçôéêþí éäéïôÞôùí ôùí äéáöïñéêþí åîéóþóåùí ðïõ åðé-

ëýïíôáé. ×ñçóéìïðïéïýíôáé ïé çìéãñáììéêïðïéçìÝíåò ìïíïäéÜóôáôåò

åîéóþóåéò åëåõèÝñáò åðéöáíåßáò ìå ôáõôü÷ñïíç äéáãùíïðïßçóç ãéá

ãñçãïñüôåñç óýãêëéóç ôïõ áëãïñßèìïõ. Ãßíïíôáé óõãêñßóåéò ìå Üëëåò

õðïëïãéóôéêÝò ôå÷íéêÝò, ùò ðñïò ôá áðïôåëÝóìáôá êáé ôïí áíáãêáßï

áñéèìü áíáêõêëþóåùí ãéá ôçí åðßôåõîç ôçò óýãêëéóçò. Ç ðáñïýóá

ôå÷íéêÞ áíáðôý÷èçêå ôï 1982 ãéá ôçí åðßëõóç ôùí åîéóþóåùí Navier �

Stokes ãéá áóõìðßåóôá, éîþäç ñåõóôÜ.

1. ÅÉÓÁÃÙÃÇ

Ç áíÜëõóç ôùí ìÝ÷ñé ôþñá ðñïâëçìÜôùí ôçò Ìç÷áíéêÞò

ôùí Ñåõóôþí öáíåñþíåé ôï ðåñéïñéóìÝíï ðåäßï åöáñìïãþí

ôùí áíáëõôéêþí ëýóåùí. Ç ðëåéïíüôçôá ôùí ðñáêôéêþí ðñï-

âëçìÜôùí ôçò Ñåõóôïìç÷áíéêÞò äåí Ý÷ïõí áíáëõôéêÝò ëýóåéò

ëüãù ôçò äõóêïëßáò åöáñìïãÞò ôùí ïñéáêþí óõíèçêþí, ðïõ

ïöåßëïíôáé óôçí ðåñßðëïêç ãåùìåôñßá áëëÜ êáé óôç ìç

ãñáììéêüôçôá ôùí äéáöïñéêþí åîéóþóåùí ôïõ åîåôáæüìåíïõ

ðñïâëÞìáôïò.

Ôï ãåãïíüò áõôü, ìå ôçí ôáõôü÷ñïíç áíÜðôõîç ôùí çëå-

êôñïíéêþí õðïëïãéóôþí, óôÜèçêå ç áöïñìÞ íá áíáðôõ÷èïýí

ðëçèþñá áñéèìçôéêþí ôå÷íéêþí. Ïé ôå÷íéêÝò åðåêôÜèçêáí

óôï óýíïëï ôùí äéáöïñéêþí åîéóþóåùí ðïõ äéÝðïõí ôçí

êßíçóç ôùí ñåõóôþí (õãñÜ, áÝñéá), üðùò ïé åîéóþóåéò Euler

êáé Navier � Stokes. Áí êáé ïé ëýóåéò, ðïõ åîÜãïíôáé ìå áõôÝò

ôéò ôå÷íéêÝò, äßíïõí áðÜíôçóç ìüíï óå Ýíáí ïñéóìÝíï áñéè-

ìü äéáêåêñéìÝíùí óçìåßùí åðß ôïõ õðïëïãéóôéêïý ÷þñïõ êáé

ìüíï óå óõãêåêñéìÝíá äéáóôÞìáôá, üôáí åðéëåãåß ç êáôÜë-

ëçëç áñéèìçôéêÞ ôå÷íéêÞ óå óõíäõáóìü ìå ôéò êáôÜëëçëåò

äéáöïñéêÝò åîéóþóåéò, ï çëåêôñïíéêüò õðïëïãéóôÞò Ý÷åé åöÜ-

ìéëëåò äõíáôüôçôåò ìå ôç ëýóç ôçò öõóéêÞò ðñïóïìïßùóçò

ôïõ ðåäßïõ ñïÞò óå êáôÜëëçëá åñãáóôÞñéá. ÔÝëïò, ï çëå-

êôñïíéêüò õðïëïãéóôÞò, åêôüò áðü ôç ÷ñçóéìüôçôÜ ôïõ ùò

åñãáëåßï åðßëõóçò ðñïâëçìÜôùí ðñáêôéêïý åíäéáöÝñïíôïò,

óõìâÜëëåé óçìáíôéêÜ óôïí Ýëåã÷ï ïñèüôçôáò ôùí öõóéêþí

õðïèÝóåùí ðïõ óõíõðÜñ÷ïõí óôéò âáóéêÝò ñåõóôïìç÷áíéêÝò

åîéóþóåéò Þ óå áðëïõóôåõìÝíåò ìïñöÝò ôïõò.

2. ÓÕÌÂÏËÉÓÌÏÉ

A ðßíáêåò çìéãñáììéêïðïßçóçò ôùí óõíáñôÞóåùí F

Ä äéáöïñÜ

Ä+, Ä- ðñïò ôá ìðñïò êáé ðßóù äéáöïñÜ

Ät ÷ñïíéêü âÞìá áñéèìçôéêÞò ïëïêëÞñùóçò

Äx ÷ùñéêü âÞìá áñéèìçôéêÞò ïëïêëÞñùóçò

Ë ðßíáêáò éäéïôéìþí

c ôá÷ýôçôá ìåôáäüóåùò êõìáôéóìþí

C óõíôåëåóôÞò ôñéâÞò êáôÜ Chezy

E, F ðßíáêåò óôï öõóéêü óýóôçìá óõíôåôáãìÝíùí

g åðéôÜ÷õíóç ôçò âáñýôçôáò

h âÜèïò íåñïý

L ìÞêïò áãùãïý

n áñéèìüò áíáêõêëþóåùí

n óõíôåëåóôÞò ôñéâÞò êáôÜ Manning

Q ðáñï÷Þ

Sox êëßóç ðõèìÝíïò 

Sfx êëßóåéò ôñéâþí 

u ôá÷ýôçôá êáôÜ ôç x äéåýèõíóç

x êáñôåóéáíÞ óõíéóôþóá èÝóçò

zï õøüìåôñï ðõèìÝíá

3. Ç ÐÑÏÔÅÉÍÏÌÅÍÇ ÁÑÉÈÌÇÔÉÊÇ
ÔÅ×ÍÉÊÇ

Óôçí ðáñïýóá åñãáóßá áíáðôý÷èçêå ìéá ðåðëåãìÝíç

(implicit) ôå÷íéêÞ åðéëýóåùò ìïíïäéÜóôáôçò ñïÞò óå áíïé-

êôïýò áãùãïýò, óôçñéæüìåíç óôï áñéèìçôéêü ó÷Þìá Mac-

Cormack. Ïé åîéóþóåéò, ðïõ åðéëýïíôáé, ðåñéãñÜöïõí ôç ñïÞ

èåùñþíôáò ìÝóåò ôéìÝò ôùí öõóéêþí ðïóïôÞôùí êáôÜ ôï

âÜèïò. Ìå ôçí ðáñáäï÷Þ üôé ç ðßåóç êáôáíÝìåôáé õäñïóôá-

ôéêÜ, ç åëåýèåñç åðéöÜíåéá åßíáé ó÷åôéêÜ ïìáëÞ. Åðßóçò, ç

åðßäñáóç ôïõ áíÝìïõ êáé ôùí äõíÜìåùí Coriolis èåùñïýíôáé

áìåëçôÝåò, êáé ôï íåñü áóõìðßåóôï êáé ïìïéïãåíÝò. Ïé åîé-
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óþóåéò åßíáé äéáôõðùìÝíåò óôç óõíôçñçôéêÞ ôïõò ìïñöÞ,

þóôå íá ìðïñïýí íá ðåñéãñÜøïõí áóõíÝ÷åéåò Þ áðüôïìåò

ìåôáâïëÝò ôïõ ðåäßïõ ñïÞò [1].

Ç áíáðôõ÷èåßóá ôå÷íéêÞ áíÞêåé óôçí êáôçãïñßá ôùí

ôå÷íéêþí ôùí ðïëëáðëþí âçìÜôùí (predictor � corrector)

êáé åßíáé áðü ôéò ðëÝïí äéáäïìÝíåò ôå÷íéêÝò ìå éêáíüôçôá

åðßëõóçò óôáèåñþí êáé ìç óôáèåñþí äéáôìçôéêþí ñïþí.

¸êáíå ôçí åìöÜíéóÞ ôçò óôá ìÝóá ôçò äåêáåôßáò ôïõ �60 ãéá

ôçí åðßëõóç ìïíïäéÜóôáôùí åîéóþóåùí êáé óå ñçôÞ ìïñöÞ

êáé Ýêôïôå áíáðôý÷èçêå óå ðåðëåãìÝíç ãéá äéäéÜóôáôá êáé

ôñéäéÜóôáôá ðñïâëÞìáôá. Ç ôå÷íéêÞ ðåñéÝ÷åé ôïõò ðßíáêåò

çìéãñáììéêïðïßçóçò ôùí åîéóþóåùí êáèþò êáé ôïõò ðßíáêåò

äéáãùíïðïßçóçò ôùí áíùôÝñù ðéíÜêùí. Ç ìÝèïäïò ðåñéëáì-

âÜíåé äýï âÞìáôá óôïí predictor êáé äýï âÞìáôá óôïí cor-

rector. Ôï ðñþôï âÞìá ÷ñçóéìïðïéåß ôç ñçôÞ ìÝèïäï predic-

tor � corrector MacCormack [3]. Óå áõôü ôï âÞìá ç ìÝèïäïò

ðñïóåããßæåé ìå åîéóþóåéò ðåðåñáóìÝíùí äéáöïñþí ñçôÞò

ìïñöÞò ôéò åîéóþóåéò ñïÞò, ìå áðïôÝëåóìá ôïí ðåñéïñéóìü

ôïõ ÷ñïíéêïý âÞìáôïò Ät. Ôï äåýôåñï âÞìá åîáëåßöåé áõôü

ôïí ðåñéïñéóìü ìåôáöÝñïíôáò ôéò åîéóþóåéò ôïõ ðñþôïõ

âÞìáôïò óå ðåðëåãìÝíç ìïñöÞ. 

Óêïðüò ôïõ áíáðôõ÷èÝíôïò áëãïñßèìïõ Þôáí íá äéáðé-

óôùèïýí ç ôá÷ýôçôá óýãêëéóçò, ç áêñßâåéá, êáèþò êáé ç

áîéïðéóôßá ôùí áðïôåëåóìÜôùí óå ìïíïäéÜóôáôá ðñïâëÞìá-

ôá. Ç ôå÷íéêÞ Ý÷åé ðåñéïñéóìÝíï ðåäßï ÷ñçóéìüôçôáò êáé

åöáñìïãÞò ëüãù ôçò ìïíïäéÜóôáôçò ìïñöÞò, áëëÜ áíáðôý-

÷èçêå ìå ôï óêåðôéêü üôé ç åðÝêôáóÞ ôçò óå äéäéÜóôáôç

ìïñöÞ èá åßíáé êáé áõôÞ ôï ßäéï ôá÷ýò ùò ðñïò ôç óýãêëéóç

üðùò êáé ç ìïíïäéÜóôáôç. ÐëåïíÝêôçìá, ôï ïðïßï óå ðñï-

âëÞìáôá ìç óôáèåñÞò ñïÞò (ìåôáöïñÜ öåñôþí, ñÞîç öñÜã-

ìáôïò) ðñÝðåé íá ëáìâÜíåôáé õðüøç ëüãù ôïõ üôé ïé ñçôÝò

ôå÷íéêÝò áðáéôïýí ìåãÜëï õðïëïãéóôéêü ÷ñüíï ãéá ôçí åðß-

ôåõîç ôçò ëýóçò. Ùò ðåðëåãìÝíç ôå÷íéêÞ Ý÷åé ôç äõíÜôïôçôá

íá ÷ñçóéìïðïéåß ìåãáëýôåñá ÷ñïíéêÜ âÞìáôá, ôá ïðïßá óõì-

âÜëëïõí Ýôóé, þóôå ç ëýóç íá åßíáé åöéêôÞ ìå ìéêñüôåñï

áñéèìü áíáêõêëþóåùí. Åðßóçò, ç äéáãùíïðïßçóç ôùí ðéíÜ-

êùí çìéãñáììéêïðïßçóçò Ý÷åé ùò áðïôÝëåóìá ôçí áðëïðïßç-

óç ôïõ ðñïãñáììáôéóìïý, áöïý ïé åîéóþóåéò äéáôõðþíïíôáé

ìå ìïñöÞ ãéíïìÝíïõ ôñéþí ðéíÜêùí, üðïõ ï ìåóáßïò ðßíáêáò

åßíáé äéáãþíéïò.

4. ÅÎÉÓÙÓÅÉÓ ÑÏÇÓ

Ïé ìïíïäéÜóôáôåò åîéóþóåéò åëåõèÝñáò åðéöáíåßáò óå

êáñôåóéáíü óýóôçìá óõíôåôáãìÝíùí ãéá ïñèïãùíéêïýò áãù-

ãïýò ìåãÜëïõ ðëÜôïõò äéáôõðþíïíôáé üðùò [1]:

(4.1)

üðïõ:

, 

ï ðßíáêáò ôùí æçôïýìåíùí ìåôáâëçôþí åßíáé:

Óôéò áíùôÝñù åîéóþóåéò h åßíáé ôï âÜèïò ôïõ íåñïý, u ç

áîïíéêÞ ôá÷ýôçôá, g ç åðéôÜ÷õíóç ôçò âáñýôçôáò, Sox ç

êëßóç ôïõ ðõèìÝíïò êáé Sfx åßíáé ïé êëßóåéò ôñéâÞò. Ç êëßóç

ôïõ ðõèìÝíïò ïñßæåôáé ùò:

(4.2)

üðïõ z0 åßíáé ôï õøüìåôñï ôïõ ðõèìÝíïò. Ïé êëßóåéò ôçò ôñé-

âÞò ïñßæïíôáé ùò:

(4.3)

üðïõ C åßíáé ï óõíôåëåóôÞò ôñéâÞò êáôÜ Chezy. Ìßá Üëëç

åðéëïãÞ, ìå ôçí ïðïßá äýíáôáé íá õðïëïãéóèïýí ïé êëßóåéò

ôñéâÞò, åßíáé:

(4.4)

üðïõ n åßíáé ï óõíôåëåóôÞò ôñéâÞò êáôÜ Manning. ÃñÜöï-

íôáò ôéò åîéóþóåéò ãéá ôçí áíôßóôáóç ôçò ôñéâÞò êáôÜ áõôüí

ôïí ôñüðï õðïôßèåôáé üôé ç áíôßóôáóç óôç ñïÞ ïöåßëåôáé

ìüíï óôçí ôñéâÞ ôïõ ðõèìÝíïò êáé ðáñáëåßðïíôáé ïé ôñéâÝò

ôïõ íåñïý ìå ôá ðñáíÞ (slip conditions). 

Ôï ðëåïíÝêôçìá ôçò óõíôçñçôéêÞò ìïñöÞò ôùí åîéóþóåùí

(4.1) Ýíáíôé ôçò ìç óõíôçñçôéêÞò åßíáé üôé êáôÜ ôçí ïëïêëÞ-

ñùóÞ ôïõò äéáôçñïýíôáé ïé ðïóüôçôåò , ïé

ïðïßåò êáôÜ ôç öõóéêÞ Üðïøç åêöñÜæïõí ìÜæá, êáé ôçí ïñìÞ

ôçò ìÜæáò ôïõ íåñïý ìïíáäéáßáò ðõêíüôçôáò, ç ïðïßá äéÝñ÷å-

ôáé áíÜ ìïíÜäá ÷ñüíïõ áðü êáôáêüñõöç äéáôïìÞ ìïíáäéáß-

ïõ ðëÜôïõò êáé ýøïõò ßóïõ ìå ôï âÜèïò ñïÞò h êáôÜ ôç äéåý-

èõíóç x. Ïé ðáñáðÜíù åîéóþóåéò áðïôåëïýí Ýíá óýóôçìá

äéáöïñéêþí åîéóþóåùí ìå ìåñéêÝò ðáñáãþãïõò, ôï ïðïßï

åßíáé ìéêôïý ôýðïõ, õðåñâïëéêïý � ðáñáâïëéêïý ôýðïõ. Ìå

ôç ëýóç ôùí áíùôÝñù åîéóþóåùí åßíáé äõíáôüí íá õðïëïãé-

óèïýí ç ôá÷ýôçôá ñïÞò u êáé ôï âÜèïò ñïÞò h óå êÜèå óçìåßï

ôïõ ðåäßïõ ñïÞò.

5. ÇÌÉÃÑÁÌÌÉÊÏÐÏÉÇÓÇ,
ÄÉÁÃÙÍÏÐÏÉÇÓÇ ÅÎÉÓÙÓÅÙÍ ÑÏÇÓ

Ï ðßíáêáò çìéãñáììéêïðïßçóçò Á ôùí åîéóþóåùí (4.1)

õðïëïãßæåôáé ðáñáãùãßæïíôáò ùò ðñïò E ôïí ðßíáêá F [2]:
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(5.1)

Ôåëéêþò ï ðßíáêáò çìéãñáììéêïðïßçóçò Á ðáßñíåé ôçí

ðáñáêÜôù ìïñöÞ:

(5.2)

Ï ðßíáêáò Á ìðïñåß íá äéáôõðùèåß óõíáñôÞóåé ôùí ðéíÜ-

êùí äéáãùíïðïßçóçò üðùò [2]:

(5.3)

üðïõ:

(5.4)

(5.5)

á1, á2 ôõ÷áßïé óôáèåñïß áñéèìïß ìå ôéìÝò åöáñìïãþí 1.0, äéá-

ãþíéïò ðßíáêáò ìå óôïé÷åßá ôéò éäéïôéìÝò ôïõ ðéíÜêá A. 

(5.6)

üðïõ 

6. ÅÐÉËÕÓÇ ÔÙÍ ÅÎÉÓÙÓÅÙÍ ÑÏÇÓ

Ïé õðïëïãéóìïß áêïëïõèïýí ôçí ðáñáêÜôù äéáäéêáóßá

[3]:

Predictor

(6.1a)

Corrector

(6.1b)

üðïõ:

(6.2)

Óôï ðñþôï âÞìá ôïõ predictor õðïëïãßæåôáé ç ðïóüôçôá

óýìöùíá ìå ôçí åîßóùóç 6.2. Óôï äåýôåñï âÞìá ôïõ

predictor õðïëïãßæïíôáé ïé ìåôáâïëÝò êáôÜ ôç i äéåý-

èõíóç. Óôï ôñßôï âÞìá ôïõ predictor õðïëïãßæïíôáé ïé ôåëé-

êÝò ôéìÝò ôïõ predictor. O corrector áêïëïõèåß ôçí áíÜëïãç

äéáäéêáóßá ìå ôïí predictor, ìå ìüíç äéáöïñÜ ôç öïñÜ óÜñù-

óçò ôïõ õðïëïãéóôéêïý äéêôýïõ. Ï ìåí predictor ãéá ôçí

åýñåóç ôùí ãßíåôáé ìå ðñïò ôá åìðñüò äéáöïñÝò, ïðüôå

ç óÜñùóç ãßíåôáé áðü ôçí Ýîïäï ðñïò ôçí åßóïäï, óôïí äå

corrector ìå ðñïò ôá ðßóù äéáöïñÝò êáé ç óÜñùóç îåêéíÜåé

áðü ôçí åßóïäï ðñïò ôçí Ýîïäï. åßíáé ï ðßíáêáò ìå èåôé-

êÝò éäéïôéìÝò (|u+c|, |u-c|).

Ç ðáñáðÜíù ïëïêëçñùìáôéêÞ ôå÷íéêÞ ôïõ äåýôåñïõ

âÞìáôïò ôùí åîéóþóåùí (6.1a) êáé (6.1b) ìðïñåß íá áðëï-

ðïéçèåß, åÜí äéáãùíïðïéçèåß ï ðßíáêáò A. Ãíùñßæïíôáò ôéò

éäéïôéìÝò ôïõ, ôüôå åßíáé äõíáôüí íá áíáëõèïýí óýìöùíá ìå

ôçí åîßóùóç (5.3). ÓõíïëéêÜ ç åðßëõóç ôïõ äåýôåñïõ âÞìá-

ôïò ôïõ predictor ãßíåôáé óå 5 óôÜäéá üðùò ðáñáêÜôù:

1.

2.

3. Õðïëïãéóìüò ôïõ 

4.

5.

Áöïý õðïëïãéóôåß ôï , åöáñìüæåôáé ôï ôñßôï âÞìá.

Ôï äåýôåñï âÞìá ôïõ corrector (åîßóùóç 6.1b) åßíáé áíÜëïãï

ìå ôïõ predictor. Ôï ìïíáäéêü ìåéïíÝêôçìá ôçò ðáñáðÜíù
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ôå÷íéêÞò åßíáé íá âñåèïýí ôá êáôÜëëçëá ïñéáêÜ ìåãÝèç ôçò

ó÷Ýóçò ãéá i = imax, i = 1, ëüãù ôïõ üôé ïé ôéìÝò áõôÝò åßíáé

Üãíùóôåò, üôáí îåêéíÜåé ç óÜñùóç. Óôéò åöáñìïãÝò ôï 

Ýëáâå  ôéò ôéìÝò 0.0 óôçí åßóïäï êáé Ýîïäï [4]. Ç åõóôÜèåéá

ôïõ ðåñéãñáöüìåíïõ áñéèìçôéêïý ó÷Þìáôïò êáèïñßæåôáé áðü

ôï êñéôÞñéï CFL ðïõ ïäçãåß óôç ó÷Ýóç:

(6.3)

üðïõ Ä÷ ç áðüóôáóç ìåôáîý ôçò áíÜíôç êáé êáôÜíôç ðëåõ-

ñÜò åíüò ðåðåñáóìÝíïõ óôïé÷åßïõ, u ç ôá÷ýôçôá êáôÜ ôïí

Üîïíá x êáé . ÓõíÞèùò ÷ñçóéìïðïéåßôáé ç åëÜ÷éóôç

ôéìÞ ôùí Äx.

7. ÅÖÁÑÌÏÃÅÓ

Ï Ýëåã÷ïò áîéïðéóôßáò åíüò ìáèçìáôéêïý ïìïéþìáôïò

ãßíåôáé êõñßùò ìå áíáëõôéêÝò êáé Üëëåò áñéèìçôéêÝò ëýóåéò.

Óôï ðáñüí êåöÜëáéï èá åîåôáóôåß ç áîéïðéóôßá ôùí õðïëïãé-

óôéêþí áðïôåëåóìÜôùí. Ïé óõãêñßóåéò Ýãéíáí ìå äýï äéáöï-

ñåôéêÝò ôå÷íéêÝò, ç ìßá áöïñÜ óå áõôÞ ôïõ óôáèåñïý âÞìá-

ôïò êáé äßíåé éêáíïðïéçôéêÜ áðïôåëÝóìáôá, üôáí ðñüêåéôáé

ãéá ìïíïäéÜóôáôåò ñïÝò, êáé ç Üëëç ôå÷íéêÞ åßíáé ìßá ñçôÞ

ôå÷íéêÞ ðåðåñáóìÝíùí üãêùí [1].

7.1. Yðïêñßóéìç ñïÞ

Ãéá ôçí õðïêñßóéìç ñïÞ ÷ñçóéìïðïéÞèçêå ïñèïãùíéêüò

áãùãüò ìÞêïõò 17.2 m êáé ðëÜôïõò 7.0 m. Ïé áíôßóôïé÷åò

åöáñìïãÝò áöïñïýí óå áãùãïýò ìå äéÜöïñåò êëßóåéò ðõèìÝ-

íïò êáé äéáöïñåôéêïýò óõíôåëåóôÝò ôñéâÞò êáôÜ Chezy. Óôçí

õðïêñßóéìç ñïÞ ôï âÜèïò åîüäïõ ðáñáìÝíåé óôáèåñü, åíþ ôï

âÜèïò åéóüäïõ êáé ç ôá÷ýôçôá åîüäïõ õðïëïãßæïíôáé ìå

ãñáììéêÞ ðáñåìâïëÞ áðü åóùôåñéêïýò õðïëïãéóôéêïýò êüì-

âïõò. Ç ôá÷ýôçôá åéóüäïõ õðïëïãßæåôáé áðü ôïí ôýðï ôçò

ðáñï÷Þò , üðïõ Q ç ðáñï÷Þ, b ôï ðëÜôïò ôïõ

áãùãïý êáé h ôï âÜèïò ñïÞò.

Óôï ó÷Þìá 1 äåß÷íåôáé ï ëüãïò ôïõ âÜèïõò h ðñïò ôï

âÜèïò åéóüäïõ ho. Åöáñìüæïíôáé äéáöïñåôéêÝò êëßóåéò ðõè-

ìÝíïò êáé óôáèåñüò óõíôåëåóôÞò ôñéâÞò êáôÜ Chezy C=90.

Ôï âÜèïò åîüäïõ êáé ç ðáñï÷Þ Ýëáâáí ôéìÝò 0.580 m êáé

3.5203 m3/sec áíôßóôïé÷á. Ðáñáôçñåßôáé üôé ãéá êëßóåéò ðõè-

ìÝíïò áðü 0.0001 Ýùò êáé 0.001 ïé ìåôáâïëÝò ôùí âáèþí

åßíáé ìçäåíéêÝò, åíþ ãéá êëßóåéò ôçò ôÜîåùò áðü 0.005 êáé

ìåãáëýôåñåò ç ìåôáâïëÞ ôïõ ëüãïõ áõîÜíåé ìå ìÝãéóôç ôéìÞ

áõôÞ ôïõ 1.7 ðåñßðïõ ãéá êëßóç 0.01. Óôï ó÷Þìá 2 äåß÷íåôáé

ï ëüãïò ôïõ âÜèïõò ðñïò ôï âÜèïò åéóüäïõ ìå óôáèåñÞ êëßóç

ðõèìÝíïò êáé äéáöïñåôéêïýò óõíôåëåóôÝò ôñéâÞò. Ç ðáñï÷Þ

êáé ôï âÜèïò åîüäïõ åßíáé ßäéá ìå ôçí ðñïçãïýìåíç åöáñìï-

ãÞ. Óôï ó÷Þìá 3 äåß÷íåôáé ï ëüãïò ôùí ôá÷õôÞôùí ðñïò ôçí

ôá÷ýôçôá åéóüäïõ (U/Uo). 

Óôï ó÷Þìá 4 äåß÷íåôáé ï áíôßóôïé÷ïò ëüãïò. Ðáñáôçñåß-

ôáé üôé ãéá ìåãÜëïõò óõíôåëåóôÝò ôñéâÞò Chezy C=1000

(ìéêñÝò áðþëåéåò ôñéâÞò ðõèìÝíïò) êáé ùò åê ôïýôïõ ìéêñü-

ôåñç åðßäñáóç åðß ôùí ôá÷õôÞôùí, ï ëüãïò ôùí ôá÷õôÞôùí

ðñïò ôçí ôá÷ýôçôá åéóüäïõ åßíáé ìéêñüôåñïò óå ó÷Ýóç ìå

ìéêñÝò ôéìÝò ôïõ óõíôåëåóôïý ôñéâÞò Chezy (C=40). Óôï

ó÷Þìá 5 ðáñïõóéÜæåôáé ç óýãêñéóç åðß ôùí áñéèìþí ôùí

áíáêõêëþóåùí ìåôáîý ôçò ðåðëåãìÝíçò êáé ôçò ñçôÞò ôå÷íé-

êÞò. Ôï âÜèïò åîüäïõ êáé ç ðáñï÷Þ Ýëáâáí ôéìÝò 0.580 m êáé

3.5203 m3/sec áíôßóôïé÷á. Ï óõíôåëåóôÞò ôñéâÞò Ýëáâå ôéìÞ

C=90 êáé ç êëßóç ôïõ áãùãïý Sox= 0.0001. 

¼ðùò åßíáé åìöáíÝò, óôï óýíïëï ôùí ðåñéðôþóåùí ç

ðáñïýóá ìÝèïäïò åßíáé ôá÷ýôåñç êáé ç óýãêëéóç åðÝñ÷åôáé

óôéò 340 áíáêõêëþóåéò, åíþ áíôßóôïé÷á ç ñçôÞ ìÝèïäïò ÷ñåé-

Üæåôáé 3610 áíáêõêëþóåéò. Óôï ó÷Þìá 6 äåß÷íåôáé ï éêáíüò

áñéèìüò ôùí áíáêõêëþóåùí ðïõ áðáéôåßôáé áðü ôéò äýï

ìåèüäïõò. Êáé óôéò äýï ãñáöéêÝò ðáñáóôÜóåéò ï ìÝóïò üñïò

ëÜèïõò õðïëïãßóôçêå âÜóåé ôùí áîïíéêþí ôá÷õôÞôùí óå

êÜèå áíáêýêëùóç ôïõ áëãïñßèìïõ êáé åðß ôïõ óõíüëïõ ôùí

êïìâéêþí óçìåßùí ôïõ ðåäßïõ ñïÞò. 

üðïõ:

7.2. Õðåñêñßóéìç ñïÞ

Åí áíáöïñÜ ìå ôçí õðåñêñßóéìç ñïÞ ÷ñçóéìïðïéÞèçêå ï

ßäéïò áãùãüò ìå ôçí õðïêñßóéìç ñïÞ, ìå ìüíç äéáöïñÜ ôçí

áëëáãÞ ôùí ïñéáêþí óõíèçêþí åéóüäïõ êáé åîüäïõ. Óôçí

õðåñêñßóéìç ñïÞ óôçí åßóïäï ôï âÜèïò ñïÞò êáé ç ôá÷ýôçôá

ëáìâÜíïõí óôáèåñÞ ôéìÞ, åíþ óôçí Ýîïäï ôï âÜèïò êáé ç

ôá÷ýôçôá õðïëïãßæïíôáé áðü åóùôåñéêïýò õðïëïãéóôéêïýò

êüìâïõò. Óôéò ðáñáêÜôù åöáñìïãÝò ôï âÜèïò åéóüäïõ Ýëáâå

ôéìÞ 0.247 m êáé ôï ïëéêü öïñôßï Ho= 0.7203 m.

( ).

Óôï ó÷Þìá 7, üðùò êáé óôçí õðïêñßóéìç ñïÞ, äåß÷íåôáé ï

ëüãïò ôùí âáèþí ðñïò ôï âÜèïò åéóüäïõ. Ï óõíôåëåóôÞò ôñé-

âÞò êáôÜ Chezy äéáôçñåßôáé óôáèåñüò êáé ìåôáâÜëëåôáé ç

êëßóç ôïõ ðõèìÝíïò. Ðáñáôçñåßôáé üôé ãéá ìåãÜëåò êëßóåéò

ðõèìÝíïò ôï âÜèïò ôïõ íåñïý ìåéþíåôáé ëüãù áýîçóçò ôùí

ôá÷õôÞôùí. Óôï ó÷Þìá 8 äéáôçñåßôáé óôáèåñÞ ç êëßóç ôïõ

ðõèìÝíïò êáé ìåôáâÜëëïíôáé ïé óõíôåëåóôÝò ôçò ôñéâÞò. Äéá-

ðéóôþíåôáé üôé ãéá ìéêñïýò óõíôåëåóôÝò ôñéâÞò (ìåãÜëåò ôñé-

âÝò) ï ëüãïò ôùí âáèþí åßíáé ìåãáëýôåñïò ôçò ìïíÜäáò,

ãåãïíüò ðïõ õðïäçëþíåé ìéêñÝò ôéìÝò ôùí ôá÷õôÞôùí óôçí

Ýîïäï åí áíáöïñÜ ìå ôçí åßóïäï. Óôá ó÷Þìáôá 9 êáé 10 äåß-
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Ó÷Þìá 1: Óõãêñßóåéò ôïõ ëüãïõ h/ho ãéá äéáöïñåôéêÝò êëßóåéò ðõèìÝ-

íïò óå õðïêñßóéìç ñïÞ.
Figure 1: The comparisons of ratio h/ho for different bottom slopes

in subcritical flow.

Ó÷Þìá 3: Óõãêñßóåéò ôïõ ëüãïõ U/Uo ãéá äéáöïñåôéêÝò êëßóåéò ðõè-

ìÝíïò óå õðïêñßóéìç ñïÞ.
Figure 3: The comparisons of ratio U/Uo for different bottom

slopes in subcritical flow.

Ó÷Þìá 2: Óõãêñßóåéò ôïõ ëüãïõ h/ho ãéá äéáöïñåôéêïýò óõíôåëåóôÝò

ôñéâÞò óå õðïêñßóéìç ñïÞ.
Figure 2: The comparisons of ratio h/ho for different coefficients of

friction in subcritical flow.

Ó÷Þìá 4: Óõãêñßóåéò ôïõ ëüãïõ U/Uo ãéá äéáöïñåôéêïýò óõíôåëåóôÝò

ôñéâÞò óå õðïêñßóéìç ñïÞ.
Figure 4: The comparisons of ratio U/Uo for different coefficients

of friction in subcritical flow.
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Ó÷Þìá 5: Óýãêëéóç áñéèìçôéêþí ôå÷íéêþí.

Figure 5: Convergence history of numerical methods.

Ó÷Þìá 7: Óõãêñßóåéò ôïõ ëüãïõ h/ho ãéá äéáöïñåôéêÝò êëßóåéò ðõèìÝ-

íïò óå õðåñêñßóéìç ñïÞ.
Figure 7: The comparisons of ratio h/ho for different bottom slopes

in supercritical flow.

Ó÷Þìá 8: Óõãêñßóåéò ôïõ ëüãïõ h/ho ãéá äéáöïñåôéêïýò óõíôåëåóôÝò

ôñéâÞò óå õðåñêñßóéìç ñïÞ.
Figure 8: The comparisons of ratio h/ho for different coefficients of

friction in supercritical flow.

Ó÷Þìá 6: Óýãêëéóç áñéèìçôéêþí ôå÷íéêþí.

Figure 6: Convergence history of numerical methods.
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Ó÷Þìá 9: Óõãêñßóåéò ôïõ ëüãïõ U/Uo ãéá äéáöïñåôéêÝò êëßóåéò ðõè-

ìÝíïò óå õðåñêñßóéìç ñïÞ.
Figure 9: The comparisons of ratio U/Uo for different bottom

slopes in supercritical flow.

Ó÷Þìá 11: Óýãêëéóç áñéèìçôéêþí ôå÷íéêþí.

Figure 11: Convergence history of numerical methods.

Ó÷Þìá 12: Óýãêëéóç áñéèìçôéêþí ôå÷íéêþí.

Figure 12: Convergence history of numerical methods.

Ó÷Þìá 10: Óõãêñßóåéò ôïõ ëüãïõ U/Uo ãéá äéáöïñåôéêïýò óõíôåëå-

óôÝò ôñéâÞò óå õðåñêñßóéìç ñïÞ.

Figure 10: The comparisons of ratio U/Uo for different coefficients of

friction in supercritical flow.
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Ó÷Þìá 13: Õðïëïãéóìüò õäñáõëéêïý Üëìáôïò óõíáñôÞóåé ôçò êëßóçò

ôïõ ðõèìÝíïò.

Figure 13: Hydraulic jump calculation with connection of channel

bottom slopes.

Ó÷Þìá 15: Õðïëïãéóìüò õäñáõëéêïý Üëìáôïò ìå ôçí ðáñïýóá êáé ôç

ñçôÞ ìÝèïäï.

Figure 15: Hydraulic jumps calculation with current and explicit

methods.

Ó÷Þìá 14: Õðïëïãéóìüò õäñáõëéêïý Üëìáôïò óõíáñôÞóåé ôïõ óõíôå-

ëåóôÞ ôñéâÞò Manning.

Figure 14: Hydraulic jump calculation with connection of Manning

coefficient of friction.

Ó÷Þìá 16: Óýãêëéóç áñéèìçôéêþí ôå÷íéêþí.

Figure 16: Convergence history of numerical methods.

÷íïíôáé ïé áíôßóôïé÷ïé ëüãïé ôùí ôá÷õôÞôùí ãéá óôáèåñü

óõíôåëåóôÞ ôñéâÞò C=90 êáé äéáöïñåôéêÝò êëßóåéò ðõèìÝíïò

(ó÷Þìá 9), êáé ãéá óôáèåñÞ êëßóç ðõèìÝíïò ìå äéáöïñåôé-

êïýò óõíôåëåóôÝò ôñéâÞò (ó÷Þìá 10).

Óôá ó÷Þìáôá 11 êáé 12 äåß÷íïíôáé ïé áíáãêáßåò áíáêõ-

êëþóåéò ôùí áñéèìçôéêþí ôå÷íéêþí ãéá ôçí åðßôåõîç ëýóåùò

ôïõ õðïëïãéóôéêïý ÷þñïõ. Ôï êñéôÞñéï óýãêëéóçò åßíáé ôï

ßäéï ìå áõôü ôçò õðïêñßóéìçò ñïÞò.

7.3. ÕäñáõëéêÜ Üëìáôá

¼ðùò ðñïáíáöÝñèçêå, ôï ðñïôåéíüìåíï ìáèçìáôéêü

ïìïßùìá åðéëýåé ôéò ìïíïäéÜóôáôåò åîéóþóåéò åëåõèÝñáò åðé-

öáíåßáò äéáôõðùìÝíåò óôç óõíôçñçôéêÞ ôïõò ìïñöÞ, ùò åê

ôïýôïõ Ý÷åé ôç äõíáôüôçôá åðßëõóçò êáé ðåñéãñáöÞò õäñáõ-

ëéêþí áóõíå÷åéþí, üðùò ôá õäñáõëéêÜ Üëìáôá. Ïé ïñéáêÝò

óõíèÞêåò, ðïõ åöáñìüæïíôáé, ðñÝðåé íá åßíáé ôÝôïéåò, þóôå

íá äßíåôáé ç äõíáôüôçôá óôïí áëãüñéèìï íá ìðïñåß íá äþóåé



ëýóç. Ãéá ôïí ðáñáðÜíù ëüãï ðñÝðåé ôá âÜèç åéóüäïõ êáé

åîüäïõ íá ëáìâÜíïõí óôáèåñÝò ôéìÝò óå üëç ôç äéÜñêåéá ôùí

õðïëïãéóìþí. Ãéá ôç ìåôáâëçôÞ ôçò áîïíéêÞò ôá÷ýôçôáò ãéá

ôçí åßóïäï ëáìâÜíåôáé áðü ôïí ôýðï ôçò ðáñï÷Þò êáé ùò åê

ôïýôïõ Ý÷åé óôáèåñÞ ôéìÞ, ãéá äå ôçí Ýîïäï áðü åóùôåñéêÜ

óçìåßá ñïÞò. Áõôüò åßíáé Ýíáò ôñüðïò íá äéáðéóôùèåß áí

õðÜñ÷ïõí äéáöïñÝò óôçí ðáñï÷Þ ìåôáîý åéóüäïõ êáé åîüäïõ.

Ïé åöáñìïãÝò áöïñïýí óå ïñèïãþíéï áãùãü ìÞêïõò 8.0 m

êáé ðëÜôïõò 0.25 m ìå ðáñï÷Þ 0.07 m3/sec êáé âÜèïò åéóü-

äïõ êáé åîüäïõ 0.101 m êáé 0.286 m áíôßóôïé÷á. Ïé ôñéâÝò

õðïëïãßóôçêáí ìå óõíôåëåóôÞ ôñéâÞò êáôÜ Manning. 

Óôï ó÷Þìá 13 ðáñïõóéÜæåôáé ç èÝóç ôïõ õäñáõëéêïý

Üëìáôïò óõíáñôÞóåé ôçò êáôÜ ìÞêïò êëßóçò ôïõ áãùãïý. Ïé

áíôßóôïé÷åò èÝóåéò, üðïõ áíáðôýóóåôáé ôï õäñáõëéêü Üëìá,

õðïëïãßóôçêáí ìå ôñåéò äéáöïñåôéêÝò êëßóåéò ðõèìÝíïò, ìßá

áñíçôéêÞ êáé ßóç ìå Sox = -0.001, ìßá ìçäåíéêÞ Sox = 0.0 êáé

ìßá èåôéêÞ Sox = 0.001. Ï óõíôåëåóôÞò Manning Ýëáâå ôçí

ôéìÞ n = 0.019. Ïé áíôßóôïé÷åò èÝóåéò, üðïõ áíáðôýóóåôáé ôï

õäñáõëéêü Üëìá, åßíáé x = 2.0 m, x = 2.4 m êáé x = 3.2 m. Ç

åðßäñáóç ôçò êëßóåùò ôïõ áãùãïý óôçí áêñéâÞ èÝóç, üðïõ

áíáðôýóåôáé ôï õäñáõëéêü Üëìá, åßíáé åìöáíÞò. Ç áñíçôéêÞ

êëßóç Ý÷åé ùò áðïôÝëåóìá ôï õäñáõëéêü Üëìá íá åìöáíßæå-

ôáé ðéï êïíôÜ óôçí åßóïäï, åíþ áõîÜíïíôáò ôçí êëßóç ôïõ

áãùãïý ôï Üëìá íá «ïëéóèáßíåé» ðñïò ôçí Ýîïäï. 

Óôï ó÷Þìá 14 ÷ñçóéìïðïéÞèçêå óôáèåñÞ êëßóç ðõèìÝíïò

êáé äéáöïñåôéêïß óõíôåëåóôÝò ôñéâÞò. ÓõãêåêñéìÝíá, ç êëßóç

ðõèìÝíïò Ýëáâå ìçäåíéêÞ ôéìÞ, åíþ áíôßóôïé÷á ï óõíôåëå-

óôÞò ôñéâÞò êáôÜ Manning Ýëáâå ôéò ôéìÝò n = 0.017, n = 0.019,

n = 0.021. Êáé åäþ ðáñïõóéÜæåôáé ìßá áíôßóôïé÷ç óõìðåñé-

öïñÜ ùò ðñïò ôç èÝóç ôïõ õäñáõëéêïý Üëìáôïò. ÁõîáíïìÝ-

íïõ ôïõ óõíôåëåóôÞ ôñéâÞò (áýîçóç ôùí ôñéâþí) ç èÝóç ôïõ

õäñáõëéêïý Üëìáôïò ìåôáôïðßæåôáé áðü ôçí Ýîïäï ðñïò ôçí

åßóïäï ôïõ áãùãïý. ÓõãêåêñéìÝíá, ãéá n = 0.017 ôï Üëìá

åìöáíßæåôáé óôç èÝóç x = 3.7 m, ãéá n = 0.019 óôç èÝóç 

x = 2.4 m êáé ãéá n = 0.021 óôç èÝóç x = 1.7 m. Óôï ó÷Þìá

15 äåß÷íåôáé ç èÝóç ôïõ õäñáõëéêïý Üëìáôïò óõíáñôÞóåé ôïõ

âÜèïõò åîüäïõ êáé åðßóçò óõãêñßíåôáé ç èÝóç ôïõ õäñáõëé-

êïý Üëìáôïò ðïõ ðñïóäéïñßæïõí ïé äýï ìÝèïäïé. Êáé óôéò

ôñåéò ðåñéðôþóåéò ç ðáñï÷Þ åßíáé ßäéá (0.07 m3/sec), ï óõíôå-

ëåóôÞò Manning åßíáé ßóïò ìå 0.019 êáé ç êëßóç ðõèìÝíïò

ìçäåíéêÞ. Ç èÝóç ôïõ õäñáõëéêïý Üëìáôïò õðïëïãßæåôáé êáé

óôéò äýï ðåñéðôþóåéò óôçí ßäéá ðåñßðïõ èÝóç, ìå ìüíç äéá-

öïñÜ üôé ãéá ôç ñçôÞ ìÝèïäï ðåðåñáóìÝíùí üãêùí [1] ç áíÜ-

äåéîç ôïõ õäñáõëéêïý Üëìáôïò ãßíåôáé ìå ðåñéóóüôåñá õðï-

ëïãéóôéêÜ óçìåßá, ìå áðïôÝëåóìá ôï ìÝãéóôï âÜèïò íá åìöá-

íßæåôáé ìåôáôïðéóìÝíï ïñéóìÝíïõò êüìâïõò ðñïò ôá äåîéÜ.

Ïé áñéèìïß ôùí áíáêõêëþóåùí, ðïõ ÷ñåéÜæïíôáé ïé äýï

ìÝèïäïé ãéá ôçí åðßôåõîç ôçò ëýóçò, äåß÷íïíôáé óôï ó÷Þìá

16. Ï áñéèìüò ôùí áíáêõêëþóåùí åßíáé 350 êáé 1150 áíôß-

óôïé÷á. ÐñÝðåé íá ôïíéóèåß üôé ç ñçôÞ ôå÷íéêÞ åßíáé äýï äéá-

óôÜóåùí, ç ðåðëåãìÝíç ìßáò äéÜóôáóçò, êáé áõôü åðçñåÜæåé

ôïí áíáãêáßï áñéèìü ôùí áíáêõêëþóåùí ìåôáîý ôùí äýï

ìåèüäùí. Åðßóçò, ç åðßëõóç ôùí õäñáõëéêþí áëìÜôùí åßíáé

áñêåôÜ äýóêïëç ëüãù ôçò ÷ñçóéìïðïßçóçò ôïõ ìéêñïý ÷ñï-

íéêïý êáé ÷ùñéêïý âÞìáôïò, ìå áðïôÝëåóìá ôï ìåãÜëï áñéè-

ìü áíáêõêëþóåùí ãéá ôçí åðßëõóç ôïõ ðåäßïõ ñïÞò.

8. ÓÕÌÐÅÑÁÓÌÁÔÁ

Óôçí åñãáóßá áõôÞ ðáñïõóéÜóôçêå ìßá ðåðëåãìÝíç ôå÷íé-

êÞ åðßëõóçò ìïíïäéÜóôáôçò ñïÞò óå áíïéêôïýò áãùãïýò.

Óêïðüò ôïõ áíáðôõ÷èÝíôïò áëãïñßèìïõ Þôáí íá äéáðéóôù-

èïýí ç ôá÷ýôçôá óýãêëéóçò, ç áêñßâåéá êáèþò êáé ç áîéïðé-

óôßá ôùí áðïôåëåóìÜôùí.

Áðü ôá áðïôåëÝóìáôá äéáðéóôþèçêå üôé ç ìÝèïäïò åßíáé

áñêåôÜ ãñçãïñüôåñç (ùò ðñïò ôïí áñéèìü ôùí áíáêõêëþ-

óåùí) áðü ôç ñçôÞ ôå÷íéêÞ ðåðåñáóìÝíùí üãêùí [1]. 

Áðü ôéò ãñáöéêÝò ðáñáóôÜóåéò ç ìÝèïäïò áðïäåéêíýåôáé

üôé åßíáé áêñéâÞò óå óýãêñéóç ìå Üëëåò áîéüðéóôåò áñéèìçôé-

êÝò ôå÷íéêÝò (óôáèåñïý âÞìáôïò, ñçôÞ ìÝèïäïò ðåðåñáóìÝ-

íùí üãêùí).

Åßíáé äõíáôüí ï áëãüñéèìïò íá åðåêôáèåß óå äýï äéáóôÜ-

óåéò, [5] ãéá áíïéêôïýò êáé êëåéóôïýò áãùãïýò, êáé ãéá ìüíé-

ìç êáé ìç ìüíéìç ñïÞ.
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Abstract

A general fast implicit numerical scheme, based on MacCormack�s

two step (predictor - corrector) technique requiring the inversion of

only block bidiagonal matrices, was developed and subsequently

applied to one-dimensional subcritical and supercritical free - surface

flow problems. The main advantage of this method is its rapid con-

vergence. The one - dimensional steady flow was investigated with

different bed slopes and friction coefficients. Equations were for-

mulated in conservative form and have the possibility to give

solutions in hydraulic jumps. Comparisons with other numerical

solutions show that the proposed method is a relatively accurate,

fast and reliable.

Finite differences, finite elements and finite volumes

numerical techniques are currently available for one and two

- dimensional free - surface flow calculations. However, most

of these techniques are slow in their convergence. Extra

routines had to be incorporated in order to achieve fast con-

vergence. In this paper MacCormack�s implicit finite - diffe-

rence scheme is introduced in order to integrate the equations

describing the depth - averaged free - surface flows. The

numerical scheme requires the inversion of only block bidi-

agonal matrices. The scheme was applied to various one -

dimensional free surface problems. The method is a promi-

sing one in terms of accuracy and fast convergence. 

For subcritical flow, a rectangular channel with total

length L=17.2 m and width b=7.0 m was used. Subcritical

flow with different bed slopes and friction coefficients was

investigated. The applied boundary conditions are: outlet

depth constant while axial velocity and inlet depth were cal-

culated with linear interpolations from inside calculated

points. The discharge equation was utilized to calculate the

inlet velocity. For the current application the outlet depth and

discharge were h=0.58 m and Q=3.5203 m3/sec, respectively.

Figure 1 shows the (h/ho) comparisons, between the cur-

rent method, fixed step method, and an explicit finite volume

method developed by Soulis [1]. ho is the inlet depth and h

the water depth along the channel. The Chezy coefficient is

constant and equal to C=90, and the bottom slopes takes the

values of Sox=0.0001, 0.001, 0.005, and 0.01. The ratio

increase from inlet to outlet. This is due to the fact that the

flow becomes high subcritical at the outlet. Figure 3 shows

the (u/u0) comparisons, where uo is the inlet velocity and u

the axial velocity along the channel. Predicted results are

almost the same. Figure 2 shows the (h/ho) comparisons with

a fixed bottom slope and different friction Chezy coefficients.

Figure 4 shows the (u/u0) comparisons. In this case, too, the

predictions are in very good agreement. The convergence

history comparison between the predictions is shown in fi-

gures 5, 6. The current method is faster than the explicit time

marching finite volume technique.

In supercritical flow, the channel geometry is identical to

that of the subcritical flow. The boundary conditions in

supercritical flow are: constant inlet depth and constant axial

velocity. These values are h=0.247 m and u=3.047 m/sec.

The outlet variables h and u were calculated from the inside

points. 

Figure 7 shows the (h/ho) comparisons between the cur-

rent method, the fixed step method, and an explicit finite vo-

lume method. The Chezy coefficient is constant and equal to

C=90, and the bottom slope takes the values Sox=0.01, 0.02,

0.1, and 0.2. The predictions between the methods are satis-

factory. For supercritical flow, the ratio was decreasing from

inlet to outlet because the flow becomes more supercritical at

the outlet (in contrast to the subcritical flow). Figure 9 shows

the (u/u0) comparisons. Figure 8 shows the (h/ho) compa-

risons with constant bottom slope and different Chezy fric-

tion coefficients. For high values of the coefficient C (small

friction slopes) the water depth at the outlet is less than at the

inlet (C=1000, 90, and 60). For C= 40 (high friction slope)
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the outlet water depth ratio is close to 1.26. Figure 10 shows

the (u/u0) comparisons. In this case, the predictions are also

in good agreement. The convergence history comparison

between the predictions of the two numerical methods is

shown in figures 11, 12. The current method is faster than the

explicit time marching finite volume technique. The conver-

gence rate criterion is based on the maximum error of axial

velocity change over all the flow field between two succes-

sive iterations. The proposed method is 70.0 % faster (ave-

rage error < 10-7 ). Figures 13, 14, 15 show the hydraulic

jump with connection to channel bottom slopes, Manning

coefficient friction and outlet depth respectively. The conver-

gence history comparison between the predictions is shown

in fig. 16. 
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