
Ðåñßëçøç
Ãéá ôç ìÝôñçóç ôçò ðáñï÷Þò óå ìåãÜëïõò áãùãïýò ñïÞò ìå åëåýèåñç
åðéöÜíåéá, ð.÷. ðïôáìïýò, ÷ñçóéìïðïéåßôáé óõ÷íÜ óôçí ðñÜîç ï åê÷åé-
ëéóôÞò ôñéãùíéêÞò êáôáôïìÞò Crump ðïõ åßíáé áðëÞ êáé åý÷ñçóôç
õäñáõëéêÞ êáôáóêåõÞ. Óôçí åñãáóßá áõôÞ ðáñïõóéÜæïíôáé ìåèïäéêÝò
ìåôñÞóåéò ðïõ áöïñïýí óôç ìïñöÞ ôçò ñïÞò, ôï óõíôåëåóôÞ ðáñï÷Þò,
ôï üñéï ñýèìéóçò êáé ôçí ðáñï÷Þ ôçò âõèéóìÝíçò ñïÞò, ãéá ðåñßðïõ
ïñéæüíôéï áãùãü. Ïé ìåôñÞóåéò êáé ç áíÜëõóç áõôþí åðåêôåßíïíôáé
êáé óå êåêëéìÝíïõò áãùãïýò, ðáñÝ÷åôáé äå ãåíéêüôåñç åîßóùóç ôïõ
óõíôåëåóôÞ ðáñï÷Þò ãéá ðåñßðïõ ïñéæüíôéïõò áëëÜ êáé êåêëéìÝíïõò
áãùãïýò.

1. ÅÉÓÁÃÙÃÇ
1.1. ÃåíéêÜ

Ï åê÷åéëéóôÞò ôñéãùíéêÞò êáôáôïìÞò, ó÷Þìá 1, åßíáé
õäñáõëéêÞ êáôáóêåõÞ, ç ïðïßá ÷ñçóéìïðïéåßôáé ðïëý óõ÷íÜ
ãéá ôç ìÝôñçóç ôçò ðáñï÷Þò óå áãùãïýò åëåýèåñçò åðéöÜ-
íåéáò, ð.÷. äéåõèåôçìÝíïõò ðïôáìïýò. ÐïëëÝò öïñÝò ïíïìÜ-
æåôáé êáé åê÷åéëéóôÞò ôïõ E. S. Crump, ðïõ Þôáí ï ðñþôïò
ðïõ åéóçãÞèçêå ôç ìïñöÞ ôïõ êáé Ýêáíå ôéò ðñþôåò ìåôñÞ-
óåéò [1], åíþ óõ÷íÜ áíáöÝñåôáé êáé ùò ìåôñçôÞò êñßóéìïõ
âÜèïõò Þ ìåôñçôÞò óôÜóéìïõ êýìáôïò.

Ç êáôáôïìÞ áõôïý ôïõ åê÷åéëéóôÞ óôç äéåýèõíóç ôçò
ñïÞò ðåñéëáìâÜíåé Ýíá áíïäéêü ôìÞìá ìå êëßóç 1 (êáôáêü-
ñõöá) ðñïò 2 (ïñéæüíôéá) êáé Ýíá êáèïäéêü ôìÞìá ìå êëßóç
1:5. Ç ôïìÞ ôùí äýï ôìçìÜôùí ó÷çìáôßæåé ïñéæüíôéá óôÝøç
êÜèåôç ðñïò ôç ñïÞ. Ôï ýøïò ôïõ åê÷åéëéóôÞ åßíáé w, ôï
ìÞêïò ôïõ åßíáé L=2w+5w=7w, ôï ìåôñïýìåíï öïñôßï ñïÞò
ðñéí áðï ôïí åê÷åéëéóôÞ åßíáé h=y1-w, ôï äå ïëéêü öïñôßï
åßíáé Çå=h+(V1

2/2g).
Ç ñïÞ ðñéí áðï ôïí åê÷åéëéóôÞ åßíáé êáôÜ êáíüíá õðï-

êñßóéìç, áí äå ôï ßäéï óõìâáßíåé êáé ìåôÜ ôïí åê÷åéëéóôÞ,
ôüôå, ëüãù ôçò ìïñöÞò ôïõ åê÷åéëéóôÞ, åíäéÜìåóá ç ñïÞ åßíáé
õðåñêñßóéìç ìå óõíÝðåéá ôçí åìöÜíéóç óôáèåñïý óôÜóéìïõ
êýìáôïò. Ôï ôåëåõôáßï ìðïñåß íá Ý÷åé âÜèïò ñïÞò y2<w Þ
âÜèïò ñïÞò y2´>w, ïðüôå èá åßíáé ôï ìåí öïñôßï h´=(y2´-w),
ôï äå ïëéêü öïñôßï Çå´=h´+(V2´2/2g). Ðéï åéäéêÞ åßíáé ç
ðåñßðôùóç õðåñêñßóéìçò ñïÞò ìåôÜ ôïí åê÷åéëéóôÞ, ïðüôå
äåí ó÷çìáôßæåôáé óôÜóéìï êýìá.

Ìå ôïí ôñéãùíéêü åê÷åéëéóôÞ Ý÷ïõí áó÷ïëçèåß ìÝ÷ñé
ôþñá ôï Hydraulics Research Station (HRS) óôçí Áããëßá ôï
Ýôïò 1967 [2], üðïõ ìåôñÞèçêå ï óõíôåëåóôÞò ðáñï÷Þò óå
åéäéêüôåñï åê÷åéëéóôÞ êëßóåùí 1:2, 1:2, ôï British Standards
Institution (BSI) ôï Ýôïò 1969, ðÜëé ãéá ôï óõíôåëåóôÞ ðáñï-
÷Þò [3], êáèþò êáé åê íÝïõ ôï ÇRS, ôï Ýôïò 1970 [4], åñãá-
óßá óôçí ïðïßá åðáíåîåôÜóôçêáí ôá ÷áñáêôçñéóôéêÜ áõôïý
ôïõ åê÷åéëéóôÞ.

Ìå ôï ßäéï èÝìá áó÷ïëÞèçêå ôï Ýôïò 1970 óôçí Áããëßá ôï
Water Resources Board [5], ôï ïðïßï ïõóéáóôéêÜ åîÝôáóå ôá
÷áñáêôçñéóôéêÜ ôçò åîßóùóçò ðáñï÷Þò êáèþò êáé êáôáóêåõá-
óôéêÝò ëåðôïìÝñåéåò, åíþ ïé P. Ackers et al. [10] åñåýíçóáí
ãåíéêüôåñá ôïõò åê÷åéëéóôÝò êáé ëéãüôåñï ôïí ôñéãùíéêü
åê÷åéëéóôÞ, ðáñ� üëï ðïõ óå íåþôåñç åñãáóßá ï Ackers [6]
áó÷ïëÞèçêå óõóôçìáôéêÜ ìå ôïí ôåëåõôáßï. Ï W. White [7]
ìåëÝôçóå ôçí áðüäïóç ôùí ôñéãùíéêþí åê÷åéëéóôþí, åíþ
ãåíéêÞ áíáöïñÜ ãßíåôáé êáé áðü ôï Delft Hydraulics Labo-
ratory (DHL) [8]. ÔÝëïò, ãåíéêÞ áíáöïñÜ óôïí ôñéãùíéêü
åê÷åéëéóôÞ êÜíåé ï N. Rao [9], åíþ ôï International Standards
Organization ôï Ýôïò 1979 [11] áíáöÝñåôáé ôüóï óôï óõíôå-
ëåóôÞ ðáñï÷Þò üóï êáé óå êáôáóêåõáóôéêÝò ëåðôïìÝñåéåò.

¼ëåò ïé ðñïçãïýìåíåò åñãáóßåò áíáöÝñïíôáé óå ðåñßðïõ
ïñéæüíôéï áãùãü. Ç ðáñïýóá ðåéñáìáôéêÞ åñãáóßá áó÷ïëåß-
ôáé ìåèïäéêÜ ìå ôç ìïñöÞ ôçò ñïÞò, ôï óõíôåëåóôÞ ðáñï÷Þò
(ãéá äéÜöïñåò ðåñéðôþóåéò ñïÞò) êáé ôï üñéï ñýèìéóçò, äßíåé
åîßóùóç ãéá âõèéóìÝíç ñïÞ óå óçìáíôéêü åýñïò âáèþí ðñéí
êáé ìåôÜ ôïí åê÷åéëéóôÞ, ôÝëïò äå áó÷ïëåßôáé óõóôçìáôéêÜ
êáé óå Ýêôáóç ìå ôçí åðéññïÞ åê ôçò áëëáãÞò ôÞò êáôÜ ìÞêïò
êëßóçò ôïõ áãùãïý (óôïí ïðïßï åãêáèßóôáôáé ï åê÷åéëéóôÞò)
êáé äßíåé ó÷åôéêÞ åîßóùóç ôïõ cd ãéá äéÜöïñåò êëßóåéò.

1.2. Óõìâïëéóìïß

Óôçí åñãáóßá áõôÞ ÷ñçóéìïðïéïýíôáé ôá áêüëïõèá óýì-
âïëá, ìå ôéò áíôßóôïé÷åò ìïíÜäåò:

cd óõíôåëåóôÞò ðáñï÷Þò
cô óõíôåëåóôÞò ôá÷õôÞôùí
h åãêÜñóéï öïñôßï ñïÞò ðñéí áðü ôïí åê÷åéëéóôÞ - õðÝñ

ôç óôÝøç (m)
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b ðëÜôïò ïñèïãùíéêïý áãùãïý (m)
h´ åãêÜñóéï öïñôßï ñïÞò ìåôÜ ôïí åê÷åéëéóôÞ - õðÝñ ôç

óôÝøç (m)
Hå ïëéêü öïñôßï ðñéí áðü ôïí åê÷åéëéóôÞ - õðÝñ ôç

óôÝøç (m)
Çå´ ïëéêü öïñôßï ìåôÜ ôïí åê÷åéëéóôÞ - õðÝñ ôç óôÝøç

(m)
J, Jo êáôÜ ìÞêïò êëßóç ôïõ áãùãïý (êáé ôïõ åê÷åéëéóôÞ) =

= çìè
è ãùíßá êëßóçò ôïõ áãùãïý
L ìÞêïò ôïõ åê÷åéëéóôÞ (m)
í êéíçìáôéêÞ óõíåêôéêüôçôá (m2/s)
V1 ôá÷ýôçôá ñïÞò ðñéí áðü ôïí åê÷åéëéóôÞ (m/s)
V2, V2´ ôá÷ýôçôåò ñïÞò ìåôÜ ôïí åê÷åéëéóôÞ (m/s)
x êáôåýèõíóç ñïÞò
x´ áðïóôÜóåéò êáôÜ x áðü áñ÷Þ åê÷åéëéóôÞ (m)
y åãêÜñóéåò áðïóôÜóåéò ìåôñïýìåíåò áðü ôïí ðõèìÝ-

íá ôïõ áãùãïý (m)
y1 âÜèïò ñïÞò ðñéí áðü ôïí åê÷åéëéóôÞ (m)
y2, y2´ âÜèç ñïÞò ìåôÜ ôïí åê÷åéëéóôÞ ìå y2/w<1 êáé

y2´/w>1 áíôßóôïé÷á
R1 õäñáõëéêÞ áêôßíá óôç äéáôïìÞ 1
Re1 = V1-4-R1 / í áñéèìüò Reynolds óôç äéáôïìÞ 1
Fr1 = V1(gy1)�1/2 áñéèìüò Froude óôç äéáôïìÞ 1
Q ðáñï÷Þ ñõèìéóìÝíç (m3/s)
Qs ðáñï÷Þ ìç ñõèìéóìÝíç (m3/s)

2. ÐÅÉÑÁÌÁÔÉÊÅÓ ÌÅÔÑÇÓÅÉÓ

Ïé ìåôñÞóåéò Ýãéíáí óå ìéêñü áãùãü ïñèïãùíéêÞò äéáôï-
ìÞò ìå ãõÜëéíá ôïé÷þìáôá êáé äéÜöïñåò êáôÜ ìÞêïò êëßóåéò.
Ãéá ôç ìÝôñçóç ôçò ðáñï÷Þò ÷ñçóéìïðïéÞèçêå ìåôñçôÞò
Venturi ìå ðñïóáñìïóìÝíá äéáöïñéêÜ ìáíüìåôñá áêñéâåßáò
(íåñïý ãéá ìéêñÝò ðáñï÷Ýò, õäñáñãýñïõ ãéá ìåãáëýôåñåò
ðáñï÷Ýò).

Ãéá ðéï ðïëëÝò ëåðôïìÝñåéåò ãéá ôç äéÜôáîç âë. [12].
Ï åê÷åéëéóôÞò Þôáí êáôáóêåõáóìÝíïò áðü ðëåîéãêëÜò,

åß÷å ýøïò w=9,15 cm êáé ïëéêü ìÞêïò L=64,05 cm. Ôá âÜèç
ñïÞò ìåôñéüíôáí ìå óôáèìÞìåôñï áêñéâåßáò (áêñßâåéá 
±0,1 mm), åíþ ï áãùãüò åß÷å óôï ðÝñáò áõôïý èõñüöñáãìá
êéíïýìåíï êÜèåôá ðñïò ôïí ðõèìÝíá ãéá ôçí áõîïìåßùóç ôùí
âáèþí ñïÞò. ¼ôáí ôï èõñüöñáãìá áðïóõñüôáí ðëÞñùò, ç
ñïÞ ìåôÜ ôïí åê÷åéëéóôÞ Þôáí õðåñêñßóéìç. Ôá öïñôßá h
ìåôñéüíôáí ðÜíôá óå óôáèåñÞ áðüóôáóç 2-hmax ðñéí áðü ôç
óôÝøç, óå üëåò äå ôéò ìåôñÞóåéò Þôáí Fr1<0,5.

Oé ìåôñÞóåéò ÷ùñßóôçêáí óå 4 ïìÜäåò. ¼ëåò ïé ïìÜäåò,
ðëçí ôçò ôåëåõôáßáò, åß÷áí óôáèåñÞ êáôÜ ìÞêïò êëßóç,
Jo=0,001. H ïìÜäá Á áöïñïýóå õðåñêñßóéìåò ñïÝò õðåñÜíù
êáé ìåôÜ ôïí åê÷åéëéóôÞ ìå y2/w<1. Ç ïìÜäá Â áöïñïýóå
õðïêñßóéìåò ñïÝò ìåôÜ ôïí åê÷åéëéóôÞ ìå óôÜóéìï êýìá,
y2´/w>1, Çå´/Çå<0,75. Ç ïìÜäá C áöïñïýóå õðïêñßóéìåò
ñïÝò ìåôÜ ôïí åê÷åéëéóôÞ ìå óôÜóéìï êýìá êáé y2´/w>1,
Çå´/Çå>0,75. Ç ïìÜäá D ðåñéåëÜìâáíå ðëÞèïò óåéñþí
ìåôñÞóåùí óå ðÝíôå õðïïìÜäåò ìå äéÜöïñåò êáôÜ ìÞêïò êëß-
óåéò J. Ôá êõñéüôåñá óôïé÷åßá ôùí äéáöüñùí ìåôñÞóåùí
ðáñÝ÷ïíôáé óôïí ðßíáêá 1.

Óôï ó÷Þìá 2 ðáñïõóéÜæïíôáé åðéëåêôéêÜ ðñùôïãåíåßò
ôõðéêÝò ìïñöÝò ôçò åëåýèåñçò åðéöÜíåéáò ôçò ïìÜäáò Á, óôï
ó÷Þìá 3 ôçò ïìÜäáò Â êáé óôï ó÷Þìá 4 ôçò ïìÜäáò C, ðáñá-
ôçñåßôáé äå ç óõóôçìáôéêüôçôá ôùí åëåýèåñùí åðéöáíåéþí
áíÜëïãá ðñïò ôïí áñéèìü Froude, Fr1, êáé ôéò Üëëåò ðáñáìÝ-
ôñïõò áõôþí.

3. ÈÅÙÑÇÔÉÊÅÓ ÁÍÁÖÏÑÅÓ - ÁÍÁËÕÓÇ
ÔÙÍ ÌÅÔÑÇÓÅÙÍ

3.1. ÈåùñçôéêÝò áíáöïñÝò

Ç ãåíéêÞ åîßóùóç ôçò ðáñï÷Þò åßíáé ç ÷ñçóéìïðïéïýìåíç
óå üëïõò ôïõò åê÷åéëéóôÝò ìÝóá óå ïñèïãùíéêïýò áãùãïýò
áâýèéóôçò ñïÞò:
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Ó÷Þìá 1: Ó÷Þìá ïñéóìþí.
Figure 1: Definition sketch.
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Ðßíáêáò 1: ÐåéñáìáôéêÜ óôïé÷åßá.
Table 1: Experimental data.

Ó÷Þìá 2: ÊáôáôïìÝò ñïþí.
Figure 2: Flow profiles.

Q=(2/3)3/2g1/2cdbHå
3/2 (3.1)

üðïõ b ôï ðëÜôïò ôïõ áãùãïý êáé cd êáôÜëëçëïò óõíôåëå-
óôÞò ðáñï÷Þò ðñïóäéïñéæüìåíïò ðåéñáìáôéêÜ.

Óçìåéþíåôáé üôé óôçí ðñÜîç ìåôñéÝôáé ôï öïñôßï h
(ó÷Þìá 1), ôßèåôáé äå ï áäéÜóôáôïò óõíôåëåóôÞò ôá÷ýôçôáò:

cô=(Hå/h)3/2

ïðüôå ç åîßóùóç (1) ãßíåôáé:

Q=(2/3)3/2g1/2cdbh3/2 (3.2)

äçëáäÞ üôáí åßíáé ãíùóôÜ ôá cd, cô ôüôå ìå áðåõèåßáò áíÜ-
ãíùóç ôïõ h ðñïêýðôåé ç ðáñï÷Þ. Ç ôéìÞ ôïõ cô ðñïêýðôåé
áðü ðßíáêåò.

Ôï êõñéüôåñï áðü ôá ðëåïíåêôÞìáôá ôïõ åê÷åéëéóôÞ ôñé-
ãùíéêÞò êáôáôïìÞò åßíáé üôé, õðü ïñéóìÝíåò ðñïûðïèÝóåéò, ç
ôéìÞ ôïõ cd åßíáé óôáèåñÞ, üôáí äå óõìâáßíåé áõôü, ôüôå
ëÝãåôáé üôé ï åê÷åéëéóôÞò åßíáé �ñõèìéóìÝíïò�, åíþ óôçí
áíôßèåôç ðåñßðôùóç ï åê÷åéëéóôÞò åßíáé �ìç ñõèìéóìÝíïò�.
Ç êõñéüôåñç ðñïûðüèåóç áíáöÝñåôáé óôç ìÝãéóôç ôéìÞ,
(Çå´/Çå)m, ðïõ ìðïñåß íá áðïêôÞóåé ï ëüãïò (Çå´/Çå), ÷ùñßò
íá åðçñåÜæïíôáé ôá äéÜöïñá ìåãÝèç, ð.÷. ç óôÜèìç ðñéí áðü
ôïí åê÷åéëéóôÞ êáé êõñßùò ç óôáèåñÞ ôéìÞ ôïõ cd. ¼ôáí
õðåñâáßíåôáé ï ëüãïò (Çå´/Çå)m, ôüôå ï åê÷åéëéóôÞò åßíáé
�âõèéóìÝíïò�, ç äå ðáñï÷Þ (QS) åßíáé ðëÝïí äéáöïñåôéêÞ
áðü ôçí ðáñï÷Þ ðïõ äßíåé ç åîßóùóç (3.1).

¢ëëá ðëåïíåêôÞìáôá áõôïý ôïõ åê÷åéëéóôÞ ôñéãùíéêÞò
êáôáôïìÞò áíáöÝñïíôáé óôçí áðëÞ êáé åýêïëç êáôáóêåõÞ
ôïõ, óôï ìéêñü üãêï ôïõ óå óýãêñéóç ðñïò Üëëïõò áíÜëï-
ãïõò åê÷åéëéóôÝò (ð.÷. ôïí åê÷åéëéóôÞ ïñèïãùíéêÞò êáôáôï-
ìÞò), êáèþò êáé üôé ïé êëßóåéò ôùí äýï ôìçìÜôùí ôïõ áö�
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Ó÷Þìá 3: ÊáôáôïìÝò ñïþí.
Figure 3: Flow profiles.

Ó÷Þìá 4: ÊáôáôïìÝò ñïþí.
Figure 4: Flow profiles.



åíüò áðïôñÝðïõí ôçí áðüèåóç öåñôþí õëéêþí, áö� åôÝñïõ
åðéôñÝðïõí ôï ó÷çìáôéóìü õðåñêñßóéìçò ñïÞò êáé óôÜóéìïõ
êýìáôïò. Åßíáé ãíùóôü üôé óôçí ðåñßðôùóç áõôÞ êáé ìüíï, ç
Q åîáñôéÝôáé áðïêëåéóôéêÜ áðü ôï öïñôßï ðñéí áðü ôïí åê÷åé-
ëéóôÞ (åîßó. 3.1 Þ 3.2).

3.2. ÁíÜëõóç ôùí ìåôñÞóåùí

Áðü ôéò ãåíüìåíåò ìåôñÞóåéò ðñïÝêõøáí ãéá üëåò ôéò
ðáñï÷Ýò üëåò ïé ìïñöÝò ôçò åëåýèåñçò åðéöÜíåéáò, õðïëïãß-
óôçêáí äå ôá Çå, Çå´, Çå/w, Çå´/Çå êáé ïé ôéìÝò cd ìå âÜóç
êáô� áñ÷Üò ôçí åîßóùóç (3.1).

Óôï ó÷Þìá 5 Ý÷ïõí ôåèåß, óå Üîïíåò Çå/w êáé cd, üëåò ïé
åäþ ìåôñÞóåéò ôùí ïìÜäùí Á êáé Â. ¼ðùò ðáñáôçñåßôáé,
ðñÜãìáôé ç ôéìÞ cd åßíáé áíåîÜñôçôç ôïõ ëüãïõ Çå/w, Ý÷åé äå
óôáèåñÞ ìÝóç ôéìÞ cd≈1,14, ç ïðïßá éó÷ýåé óôï ðåäßï 
0,2 < Çå/w < 2,0. 

Ç ðñïçãïõìÝíùò åõñåèåßóá ôéìÞ äéáöÝñåé åëÜ÷éóôá áðü
ôçí ôéìÞ 1,16, ðïõ äßíåé ï Ackers [6], Þ ôçí ôéìÞ 1,15, ðïõ
äßíåé ôï BSI [3], Þ áíÜëïãç ôéìÞ ôïõ DHL [8].

Óå âïçèçôéêü ó÷Þìá üðùò ôï ó÷Þìá 5, åôÝèçóáí ïé ôéìÝò
cd êáé ãéá ôçí ïìÜäá C, ðñïÝêõøå üìùò üôé ïé ôéìÝò äåí ó÷å-
ôßæïíôáé ðñïò ôéò áíôßóôïé÷åò ôùí ïìÜäùí Á êáé Â.

Ãéá íá âñåèåß ôï üñéï âýèéóçò, (Çå´/Çå)m, óôï ó÷Þìá 6
Ý÷ïõí ôåèåß óå Üîïíåò Çå´/Çå êáé Çå/w ïé êõñéüôåñåò ìåôñÞ-
óåéò ôùí ïìÜäùí Â êáé C.

¼ðùò ðñïêýðôåé áðü ôï ó÷Þìá 6, ïé äýï êáìðýëåò (ãéá
Çå´/Çå<0,75 êáé Çå´/Çå>0,75) óõãêëßíïõí óôï üñéï
(Çå´/Çå)m=0,75, ôéìÞ ðïõ äéáóôáõñþíåôáé ùò ïñèÞ êáé ìå ôéò
ðñïçãïõìÝíùò áíáöåñèåßóåò åñãáóßåò, áðïôåëåß äå áõôÞ ôï
üñéï ñýèìéóçò (âýèéóçò).

Ãéá Çå´/Çå < 0,75 ðñïÝêõøå ðñÜãìáôé cd = óôáè. (áíå-
îÜñôçôïò ôùí Çå/w, Çå´/Çå), éó÷ýåé äå ç åîßóùóç (1), åíþ ãéá
Çå´/Çå > 0,75 (ïìÜäá C) ç ðáñï÷Þ äåí äßíåôáé áðü ôçí åîß-
óùóç (3.1).

Óôï ó÷Þìá 7 Ý÷ïõí ôåèåß áðïêëåéóôéêÜ ãéá ôçí ïìÜäá C
ïé ëüãïé QS/Q, üðïõ QS ìåôñçèåßóåò ðáñï÷Ýò êáé Q ðáñï÷Ýò
ðïõ ðñïêýðôïõí áðü ôçí åîßóùóç (3.1), êáé Çå´/Çå (ãéá
Çå´/Çå > 0,75).

Ç ðñïêýðôïõóá êáìðýëç Ý÷åé åîßóùóç (åëÜ÷éóôá ôåôñÜ-
ãùíá):

(3.3)

åßíáé ðïëý áðëïýóôåñç áðü äïèåßóåò ðáëáéüôåñá åîéóþóåéò
[6], éó÷ýåé äå ãéá ðïëý åõñýôåñï ðåäßï, 0,75 < Çå´/Çå <0,97.

Ãéá 0,75 < Çå´/Çå < 0,97 ç ðáñï÷Þ QS åîáñôÜôáé áðü ôçí
ðñïçãïõìÝíùò åõñåèåßóá ðáñï÷Þ Q (äçëáäÞ ôá cd, Hå)
êáèþò êáé áðü ôï ëüãï Çå´/Çå. Ç åîßóùóç (3.3) äåß÷íåé ôçí
åðéññïÞ ôçò êáôÜíôç âýèéóçò ôçò ñïÞò óôç äéåñ÷üìåíç ðáñï-
÷Þ áëëÜ êáé ôçí åîÜñôçóç ôçò ôåëåõôáßáò áðü ðåñéóóüôåñåò
ðëÝïí ðáñáìÝôñïõò, áöïý ðñÝðåé íá ðñïóäéïñéóôïýí ôüóï ôï
Çå üóï êáé êáé ï ëüãïò Çå´/Çå (ðïõ óôçñßæïíôáé óôç ìÝôñç-
óç ôùí h êáé h´).

ÁíÜëïãåò -üðùò ïé ðñïçãïýìåíåò - åðåîåñãáóßåò Ýãéíáí êáé
ãéá üëåò ôéò ñïÝò ôùí õðïïìÜäùí D1 Ýùò D5 (ìå Çå´/Çå < 0,75),
êÜèå ìßá åê ôùí ïðïßùí åß÷å éäéáßôåñç êëßóç J (>Jo), ãéá êÜèå
äå êëßóç ðñïóäéïñßóôçêå ç éäéáßôåñç-óôáèåñÞ ôéìÞ ôïõ áíôß-
óôïé÷ïõ óõíôåëåóôÞ ðáñï÷Þò.

Óôï ó÷Þìá 8 ðáñïõóéÜæïíôáé ïé ôéìÝò cd, üðùò ìåôñÞèç-
êáí (êáé õðïëïãßóôçêáí-åîßó. 3.1) ãéá ðÝíôå êëßóåéò áãùãïý
J. Áí ëçöèåß õðüøç êáé ç Þäç ìåôñçèåßóá ôéìÞ cd ãéá ôçí
êëßóç Jo, ôüôå ðñïêýðôåé ç åîßóùóç (åëÜ÷éóôá ôåôñÜãùíá):

(3.4)

ãéá ôá äéáóôÞìáôá:
0,001 <J < 0,04 êáé Çå´/Çå < 0,75
üðïõ J ç êëßóç (óå äåêáäéêü áñéèìü).

c Jd = + ⋅ −114 0 0407 1000 1 0 59, , ( ) , 

( ){ }Q Q H Hs / , / ,
,

= − −′1 3 858 0 75
1 756

ε ε
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Ó÷Þìá 5: Ç ôéìÞ ôïõ cd.
Figure 5: cd value.



Ìå âÜóç ôéò åîéóþóåéò (3.1) êáé (3.4), ç åîßóùóç ðáñï-
÷Þò óå åê÷åéëéóôÞ ôñéãùíéêÞò êáôáôïìÞò åðåêôåßíåôáé óå êëß-
óåéò áãùãþí Ýùò êáé J=0,04, éó÷ýåé äå êáé ãéá åíäéÜìåóåò
ôéìÝò êëßóåùí.

4. ÓÕÌÐÅÑÁÓÌÁÔÁ

Óôçí åñãáóßá áõôÞ Ýãéíáí ìåèïäéêÝò ìåôñÞóåéò äéáöüñùí
ìåãåèþí ñïÞò, ðÜíù áðü åê÷åéëéóôÞ ôñéãùíéêÞò êáôáôïìÞò
ìÝóá óå ïñèïãùíéêü áãùãü äéáöüñùí êáôÜ ìÞêïò êëßóåùí.

ÐáñïõóéÜæïíôáé äéÜöïñåò óõóôçìáôéêÝò êáìðýëåò ôçò
ìïñöÞò ôçò ñïÞò, åðåîåñãáóßá ôùí ìåôñÞóåùí ðñïò ðñïó-
äéïñéóìü ôïõ óõíôåëåóôÞ ðáñï÷Þò (ãéá ðåñßðïõ ïñéæüíôéï
áãùãü), ï ïðïßïò ðñïêýðôåé óôáèåñüò, ðñïóäéïñéóìüò ôïõ
ïñßïõ ñýèìéóçò (âýèéóçò) êáèþò êáé áðëÞ åîßóùóç ðáñï÷Þò
ãéá âõèéóìÝíç ñïÞ.

¸ãéíå, åðßóçò, ðëÞèïò ìåôñÞóåùí ðïõ áöïñïýóáí óôç
ìïñöÞ ôçò ñïÞò êáé ôï óõíôåëåóôÞ ðáñï÷Þò ãéá äéÜöïñåò
êáôÜ ìÞêïò êëßóåéò ôïõ áãùãïý. Ìå âÜóç áõôÝò ôéò ìåôñÞ-
óåéò ðáñÝ÷åôáé ãåíéêÞ åîßóùóç õðïëïãéóìïý ôïõ óõíôåëåóôÞ
ðáñï÷Þò ãéá äéÜöïñåò êáôÜ ìÞêïò êëßóåéò ôïõ áãùãïý. ¸ôóé
ç åîßóùóç ðáñï÷Þò áðïêôÜ åõñýôåñç éó÷ý åöáñìïãÞò ãéá
ðëÞèïò êáôÜ ìÞêïò êëßóåùí êáé óå áñêåôÜ óçìáíôéêü åýñïò
ìåôáâïëÞò áõôþí.
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Ó÷Þìá 6: Ôï üñéï ñýèìéóçò.
Figure 6: The modular limit.

Ó÷Þìá 7: QS/Q ùò ðñïò Çå´/Çå.
Figure 7: QS/Q versus Çå´/Çå.
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Ó÷Þìá 8: cd ãéá êåêëéìÝíïõò áãùãïýò.
Figure 8: cd values for inclined channels.
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Abstract
In order to measure the discharge in open channels the triangular-
profile weir or Crump weir is often used because it is a very simple
structure. In this research paper some systematic measurements are
presented concerning the free surface profiles, discharge coefficient,
modular limit and various practical equations for an almost horizon-
tal open channel. Measurements were extended to non horizontal open
channels and a more general discharge equation is presented.

Figure 1 presents the flow geometry over the 1:2 - 1:5
sloped triangular profile weir of height w and length 7w. The
upstream head is h and total head is Hå. The downstream flow
depth can be either y2 (<w) or y2´ (>w) and a standing wave
may or may not appear. When y2´>w the downstream head is
h´=y2´-w and total head is Çå´.

The triangular profile has been extensively investigated in
the past for open channels of very low longitudinal slope, by
HRS [2], BSI [3], HRS [4] and WRB [5]. P. Ackers [6], P.
Ackers et al. [10] have carried out a thorough research, W.
White [7] has analysed the weir�s efficiency, while DHL [8]
and N. Rao [9] presented a rather general review. ISO [11]
has dealt with the discharge coefficient and some structural
details.

The experimental measurements of this work are presen-
ted in table 1. All measurements were performed in a small

channel: the perspex weir had a length of 64.05 cm, while
discharges and depths were accurately measured with a Ven-
turi flow meter and a level gauge respectively. Four groups of
runs were organized, all with Froude numbers less than 0.5.
Group A had y2/w<1, group Â had y2´/w>1 and Çå´/Çå<0.75,
group C had y2´/w>1 and Çå´/Çå>0.75, while group D com-
prised 57 runs with longitudinal slopes between 0.0025 and
0.04.

Some typical free surface profiles are presented in figures
2, 3, 4, for groups A, B, C, respectively.

The discharge for modular flow in almost horizontal
channels is given by eq. 3.1, or by equivalent eq. 3.2, while
figure 5 gives the discharge coefficient cd versus Hå/w, with
an average value cd ≈ 1.14. This value is very close to pre-
vious values. Figure 6 compares Çå´/Çå and Çå/w, and redeter-
mines the modular limit (Çå´/Çå)m=0.75: For Çå´/ Çå < 0.75
eq. 3.1 is holding, while for Çå´/ Çå >0.75 eq. 3.3 was deter-
mined from figure 7, where Qs is the non modular discharge.
Eq. 3.3 is more general and has a wider range than equations
given by Ackers [6].

Finally, in figure 8 cd values for modular flows in non
horizontal channels are presented versus slopes J, with
0.001<J<0.04. Eq. 3.4 is finally determined, giving cd for
horizontal and tilted open channels.
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