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 ć½¼òzj ôĊö´£ ½¹Ă°ĉćwă  ĈĉĀÊí{ýw«Ĉ £ Ă{õÀĊ Ö¤ÆùĈöĊ Á½ ½¹øĉ ¾«ûwĉ  

¿¾ĉ ýv¾´zĈ ½Āu£ ÃwÅv ¾zć ¾«ûwĉ â¤ù¾Ċ ýwîù ÿ Ĉ ĆÖzv½Ă°ĉ½¹ āºz 

 

ûwĊí ºĊú³¾Ąù,ºĊÞÅ IÃwþÉvº· wÑ½-*  ÿĈú¤Å½ ºú´ù. 

 

,  ÿ-( Ăz5yĊ£¾£ Ĉzj ćwă ā¿wÅ ć¾¤í¹ ćĀ¬Êýv¹ÿ J ĈÅÿ¹¾å āwòÊýv¹ Ixj ĈÅºþĄù ÿ ÷ĀöÝ āÿ¾ñ ¹w¤Åv ºĄÊù ûv¾ĉv IºĄÊù I  

.( ć½v¹ÀĊ¸zj ÿ ëw· ¢Ùwæ³ āºîÊăÿÂ~ ½wĉ¹w¤Åv IIć¿½ÿwÊí ªĉÿ¾£ ÿ Ç¿Āùj I¡wêĊê´£ ûwù¿wÅ ûv¾ĉv Iûv¾Ą£ 

½w£ĉ¶ ½¹ĉ¢åw 5,/*,,*42J ½w£ĉ¶ ¼~ĉÇ¾5 -3*+-*43 

 

āºĊî¯ 

Ă°ĉ½¹ćwLă ĀLÊíĈĉ Ĉ{ýwL« Ăzy{LÅ ĆLÅºþă ā¹wLÅ ÿ ¢LĊözwé ā¾LĄzć½v¹¾Lz IûwLÅj ĈLîĉ ¿v óÿvºL¤ùüĉ¾L£ ā¿wLÅwLăć 

ć¹¾z½wí ½¹ Ăî{Éćwă ć½wĊzj ćv¾Lz ãv¾L´ýv xj ¿v ówLýwí ĈöLÍv ÿ øĊLÚþ£ ûvÀLĊù āºLz ć½ĀL{Ý ćv¾Lz ć½wLĊzj üĊLù¿ćwLă 

ć¿½ÿwÊí ºþ¤Æă  ĂLíĂLzúăv øá½¢LĊ  ûvÿv¾LåwLĄýj ā¾LĄz ½¹Ăî{LÉ ½¹ xj ÜzwLþù ¢ĉ¾ĉºLù ÿ ć½v¹¾Lzć½wLĊzj ćwLăI  ¾L¤úí

āºÉ ĈÅ½¾zvºý )ćv¾z üĊĊÞ£ ¾« ¡wLÎ¸ÊùûwLĉ ½¹ĂL°ĉćwLă {ýwL«IĈ v¾LÉ ¢L´£Ôĉ Á½øLĉ ¾«ûwLĉ ¿¾Lĉ Lýv¾´zĈ ¿v ,+2 

ÈĉwLLù¿j èLLĊê´£ ¾LLÑw³ ĂLLzāv¾úă 0-4 jÈĉwLLù¿ ¾ĉwLLÅ ûwLLêê´ù ā¹wæ¤LLÅv ºLLÉ.  ôLL³ wLLz ĂLLÖzv½¹ĈîĊùwLLþĉ  ¾LLz øíwLL³

½¹Ă°ĉćwă {ýwL«Ĉ wLz ¹ºLÝ Çÿ½ ¿v ā¹wæ¤LÅvć wL£Āí ðLýv½ć L{£¾ùĆ ý I÷½wLĄ¯µ¾LúĊ  óĀLÕ ½¹ xj ²ÖLÅĆL°ĉ½¹ {ýwL«Ĉ 

 )ºÉ Ă{Åw´ùwz ĆÆĉwêù ¾LÑyĉ ÿ½ ÿ¹ ½¹ āºLz¹¾Lîĉ  ôL³ ĂLÖzv½¾«ûwLĉ â¤ù¾LĊ ýwLîùĈ ê¤LÆù Çÿ½ ÿøĊ  ôL³LÖzv½Ć  IāºLz

¹wêù ºÉ Ì¸Êù¾ĉ yĉ¾Ñ  āºLz½¹ ¾Lă ÿ¹ ¹¾Lîĉÿ½õĀL{é ôLzwé èzwLÖ£ IĈ  wLzøLă ½v¹Lýö´£ ¿v ā¹wæ¤LÅv wLz )ºôLĊ ¹wLÞzvć  ÿ

½wùjIć Ăzú¸£ ½ĀÚþùüĊ ¾LÑyĉ  āºLzĂLÖzv½ĈĉwLă ~¹wĄþLÊĊ  ºýºLÉÿ½ ÿć¹¾Lîĉ ćv¾Lz £ÌĊ¸LÊ v¾LÉÔĉ ¾«ûwLĉ  ¹v¿jwLĉ 

 Ătv½v ç¾â¤ÆùºÉ )ĈÅ½¾z ªĉw¤ý ûwLÊý wLă¹v¹ ĂLí ¾LÑyĉ ½¹ āºLzĆL°ĉ {ýwL«Ĉ v¾LÉ ½¹Ôĉ ¾«ûwLĉ ¹v¿j  èLúÝ ¢{LÆý ĂLz

¾«ûwLLĉ ñºLLÉ¿wz ĂLLzĈ ½¹ĂLL°ĉ ¾« ¹ÿ¾LLå ¹ºLLÝ ÿûwLLĉ đwz ¢LLÅ¹ ¹½v¹ Ĉò¤LLÆzv¾LLÉ ½¹ ÿÔĉ  èLLúÝ ¢{LLÆý ĂLLz ç¾â¤LLÆù

¾«ûwLLĉ w~ èLLúÝ ĂLLzxwLLĉ òzj ówLLýwí¾LLĊ ¾« èLLúÝ ¢{LLÆý ÿûwLLĉ ñºLLÉ¿wz ĂLLzĈ ½¹¹½v¹ Ĉò¤LLÆz ĂLL°ĉ) LLÖzv½Ć ~ć¹wĄþLLÊĊ 

LLú¸£Ċ ü¾LLÑyĉ v¾LLÉ ½¹ āºLLzÔĉ ¾«ûwLLĉ ĂLLz ç¾â¤LLÆù ÿ ¹v¿j£¾£yĊ v½v¹ć wLLÖ· ÔLLÅĀ¤ùć {LLÆýĈ 41*-  ÿ..*0  ºLLÍ½¹

¢Åv Özv½ óĀ{é ôzwé ¢é¹ ÿĆ ~ć¹wĄþÊĊ v½ ûwÊý Ĉùºă¹) 

 

   āÁvÿćºĊöí ćwă 

   ā¿vºývIć¾Ċñ Ió¾¤þí ā¿wÅ ć½wĊzj Ăî{ÉI yĉ¾Ñ Iāºz ówýwí ¾Ċòzj 

 

Ăùºêù 

ćv¾LLz ā¾LLĄzĂî{LLÉ ½¹ ĂLLþĊĄz ¢ĉ¾ĉºLLù ÿ ć½v¹¾LLz ćwLLă

ā¿vºLLýv ćwLLă½vÀzv ¿v ā¹wæ¤LLÅv IĈLLÊîă¿ ÿ ć½wLLĊzj ÿ ć¾Ċñ

xj ûwLLLĉ¾« ó¾LLL¤þí  wLLLĄýj ¿v ¢LLLÅ½¹ ć½v¹¾LLLz ā¾LLLĄz ÿ

 ûvÿv¾å ¢Ċúăv¹½v¹ ĂLz wLz wL£ ûvĀL¤z IwLă½vÀzv üLĉv ć¾Ċñ½wí

øLL¬³  āºLLÉ ÜLLĉ¿Ā£ ÿ ĈõwLLê¤ýv xj v½ ÿ ĈöLLÍv ÓwLLêý ½¹ 

 

ĂLLLùwý¾z Ăî{LLLÉ ćºLLLĊöí ćv¾LLL«v üLLLÆ³ ¾LLLz ÿ ćÀĉ½

ĂLLLùwý¾zā¾Ąz ćwăć½v¹¾LLLz  ¿vî{LLLÉĆ  ÿ ¡½wLLLÚý ć½wLLLĊzj

)¹¾LLí ówLLúÝv v½ ÷¿đ ¢ĉ¾ĉºLLù  IwLLă½vÀzv üLLĉv ĂLLöú« ¿v

ĂLL°ĉ½¹ ÿ wăÀĉ½¾LLÅćwLLă ĈĉĀLLÊí  wLLĄýj ĂLLí ºþ¤LLÆă v½

ĈLLùûvĀLL£ ā¹wLLÅüĉ¾LL£ ć¹¾z½wLLí ÿÛĀLLý üĉ¾LL£ ā¿wLLÅwLLăć 

ó¾L¤þí ÿ øĊLLÚþ£ ²ÖLLÅ Ăî{LLÉ ½¹ ûwLLĉ¾«ćwLLă ć½wLLĊzj ÿ 

 

* 5óĀuÆù āºý½wòý        khodashenas@ferdowsi.um.ac.ir Email:   http://doi: 10.22092/idser.2019.124471.1366 
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ĈLLÊîă¿ ā¿wLLÅ üLLĉv J¢LLÆýv¹IwLLă ¢{LLÆý ĂLLz ć½wĊLLÆz ¿v 

ā¿wLLÅćwLLă ĆLLþĉÀă I¹ĀLL«Āù ć½vºLLĄòý ÿ ā¾LLĄzć½v¹¾LLz 

ć¾LL¤úí ĈLLù ÿ ºLLý½v¹ā¿vºLLýv ćv¾LLz wLLĄýj ¿v ûvĀLL£ ć¾LLĊñ

 )¢å¾ñ ā¾Ąz ÀĊý ûwĉ¾« 

       Iÿ½ üLLLĉv ¿vÞ£ wLLLzüĊLLLĊ ă ¡wLLLÎ¸ÊùĈîĊõÿ½ºLLLĊ 

¾«ûwLLĉ ½ĀLL{Ýć ā¿wLLÅ ¿vwLLăć ¤þLLÅĈ  óÿvºLL¤ùºLLþýwù 

½¹ ÿ wăÀĉ½¾ÅĂ°ĉwLăI v ¾Lz āÿĒLÝ¹wL¬ĉ v¾LÉÔĉ v¾Lz ÷¿đć 

³v¾ÕĈ ā¾Ąz ÿ½v¹¾Lzć v ¿v ¢LÅ½¹üLĉ ā¿wLÅwLăLù IĈûvĀL£ 

ùwLLñĈ ā¿wLLÅ ¿v ā¹wæ¤LLÅv ¢LLĄ« ½¹ ¾§oLLùwLLăć  ¹ĀLL«Āù

v¾LLzć ºLLù¢ĉ¾ĉ Ăî{LLÉ ¾LL¤ĄzwLLăć zjć½wLLĊ LLÊîă¿ ÿĈ 

v¹¾z)¢É ówLýwí ¿v ć½ĀL{Ý āºLz ûvÀLĊù üĊĊÞ£ ĈLÝ¾å ćwLă

LLÅºþĄù ĂLL«Ā£ ¹½ĀLLù yLLöávw ìĊõÿ½ºLLĊă ûI¢LLÅv  v¾LLĉ¿

LùĈûvĀL£ ûvÀLĊù ¹½ÿj¾Lz wLz ĈLLÝ¾å ówLýwí ¿v ć½ĀL{Ý āºLzI 

LLzwê³ ûvÀLLĊùĆ  ÿ ó¾LL¤þí v½ ûv¿½ÿwLLÊíćv¾LLz ¹wæ¤LLÅvą 

LLz ¹ĀLL«Āù xj ¿v ĂLLþĊĄzĂĂLLùwý¾z ĈLL¤³v½ ćÀLLĉ½¾LLí )¹ 

 ¿v ½ĀLLLÚþù üĉºLLLz½¹ĆLLL°ĉ ĀLLLÊíĈĉ {ýwLLL«Ĉ ĂLLLzûvĀþÝ 

LLLLLÚþ£ ½vÀLLLLLzvøĊ ¾«IûwLLLLLĉ ĂLLLLLzā¹¾¤LLLLLÆñ ½ĀÕ  ½¹ 

ówýwíwLăć zjć½wLĊ v¾Lzć ¾« ãv¾L´ývûwLĉ öLÍv ówLýwí ¿vĈ 

 ĂLLzìLLĉ Āýw§ ówLLýwíĂLLĉ òzj$¾LLĊLLù ā¹wæ¤LLÅv #Ĉ¹ĀLLÉ 

 ôîÉ$,)# 

 

 
 ôîÉ,( Ĉĉwúý ¿v ¹¾z½wí ą¹¾¤Æñ Ć°ĉ½¹ ĈĉĀÊí Ĉ{ýw« ½¹ Ăî{Éćwă ć½wĊzj ÿ )ĈÊîă¿ î{É #äõvĆ zjć½wĊ Êîă¿ ÿĈ  Iûw¤Å¿Ā· ½ÿÿwÉ

î{É #xĆ zjć½wĊ Êîă¿ ÿĈ ÿwÅą Àí¾ùIć î{É #|Ć zjć½wĊ Êîă¿ ÿĈ ù½ºýwĊ î{É #¡ IāwÊýwù¾íĆ zjć½wĊ Êîă¿ ÿĈ îõv¹Ĉ I¾ĄÉĀz  

 ¹¾z½wí #¥Ć°ĉ½¹ ĀÊíĈĉ v¾zć ć½wĊzj Û½vÀù ÿ ªý¾z ©î{É #Ć zjć½wĊ ½¹ ĀÅºt $Noorköping, Sweden)# 

Fig. 1- A schematic view of the application of side sluice gates in irrigation and drainage networks; a) Shavour 

irrigation and draina ge network (Khouzestan, Iran); b) Central Saveh irrigation and drainage network; c) Miandar 

irrigation and drainage network (Kermanshah, Iran);  d) Dalaki irrigation and dra inage network (Bushehr, Iran);  

e) Application of sluice gate for irrigation of rice fields; f) Noorköping irrigation network (Sweden) 

 

  ¹vºL¤ùv ½¹ ûwLĉ¾«L°ĉ½¹Ć ĈĉĀLÊí Ĉ{ýwL« Ĉ¤õwL³ 

ĈùĀLúÝ ¿v ûwLĉ¾«ćwLă ¾LĊâ¤ù ĈýwLîù wLz ÈăwLí āºLz 

¢LLÅv ówLLýwí óĀLLÕ ½¹ āºLLz ½vºLLêù IûwLLĉ¾« ÛĀLLý üLLĉv ½¹ )

Ĉù ÈăwLLí ĈöLLÍv ½¹ ûwLLĉ¾« Ôĉv¾LLÉ ĂLLz ĂLL«Ā£ wLLz ÿ ºLLzwĉ

çĀLLå wLLĉ ĈLLýv¾´z ¾LLĉ¿$ ĂLL°ĉ½¹ ¢LLÅ¹đwz ôLLĊåÿ¾~ #Ĉýv¾´z

 ÜLLLÖêù üĊLLLþ°úă ÿ ĂLLL°ĉ½¹ ĈLLLîĉ¹Àý ½¹ xj ²ÖLLLÅ

 ó¾LL¤þí)¹ĀLLz ºLLăvĀ· ¡ÿwLLæ¤ù  ½¹ ûwLLĉ¾« ìĊõÿ½ºLLĊă

ĂLL°ĉ½¹ćwLLă  ¢LL´£ ĂLLîþĉv ĂLLz ĂLL«Ā£ wLLz IĈ{ýwLL« ĈĉĀLLÊí

 ¾LLĊòzj ówLLýwí ÿ ĈöLLÍv ówLLýwí ½¹ ûwLLĉ¾« Ôĉv¾LLÉ ¾Ċ§mLL£

ĈñºLĊ°Ċ~ I¢Åv üLĉv ¢LÅ½¹ ë½¹ ĂLí ¹½v¹ ć¹wLĉ¿ ćwLă

a b c 

f e d 
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LLĊă ûwLLÅºþĄù ĆLLéĒÝ ¹½ĀLLù ā½vĀLLúă ¡v¾Ċ§mLL£ ìĊõÿ½º

)¢Åv ā¹Āz 

  Ĉ£wLLÞõwÖù ĆêzwLLÅ ËĀLLÎ· ½¹ ûwLLĉ¾« ¡wLLÎ¸Êù

¢LLÅv ¹ÿºLL´ù Ĉ{ýwLL« ĈĉĀLLÊí ćwLLă ĂLL°ĉ½¹ ¿v ć½ĀLL{Ý )

 vºLLýw~(Panda, 1981) IĈLLÅ½¾z wLLz wù¿j ĈăwòLLÊĉ¾«ûwLLĉ 

ĈĉĀLLÊí ćwLLă ĂLL°ĉ½¹ ¿v ć½ĀLL{Ý {ýwLL« ½¹ Ĉv¾LLÉÔĉ 

¾«ûwLLĉ  ¹v¿j¢{LLÆý ½¹ ¾LLĊòzj ówLLýwí Ï¾LLÝ äLLö¤¸ù ćwLLă

 IĈöLLÍv ówLLýwí ĂLLz ĂLLí ¹v¹ ûwLLÊý¾LLÑyĉ  āºLLzLLă®Ċ 

ò¤ÆzvÿĈ ÅĈîĊ£wú¤LÆĊ  ĂLzûwLĉ¾« ¹ÿ¾Lå ¹ºLÝ  ówLýwí ½¹

 ĂLLz ÀLLĊý ÿ ĈöLLÍv ówLLýwí Ï¾LLÝ ¢{LLÆý¾LLĊòzj  Ï¾LLÝ ĂLLz

öLLÍv ówLLýwí ¹½vºLLý ĈĂLLz wLLĄþ£ ÿ èLLúÝ ¢{LLÆý  üĊòýwLLĊù

¾«ûwLLĉ öLLÍv ówLLýwí ½¹Ĉ đwz ½¹¢LLÅ  ĈĉĀLLÊí ĆLL°ĉ½¹

$ ĈñºLLLÉ¿wz ĂLLLz Ĉ{ýwLLL«a/1y# ¹½v¹ Ĉò¤LLLÆz)  ½vĀýwLLL£

(Tanwar, 1984) Ċ§mLL£ ¾ ûwLLĉ¾« ¹ÿ¾LLå ¹ºLLÝ ¾LLz yĉ¾LLÑ

 āºLLz¹ÿºLL´ù Ç¾¤LLÆñ wLLz v½ą Iûj ûwLLĉ¾« Ôĉv¾LLÉ ½¹  ¹v¿j

 ÿüĊĉw~ ½¹ ç¾â¤LLÆù ¹¾LLí ĂLLÞõwÖù Ĉ{ýwLL« ĆLL°ĉ½¹ ¢LLÅ¹

 ÿ ûwLLÊý ¹v¹v¾LLÉ ½¹ ĂLLíÔĉ ¾«ûwLLĉ  I¹v¿j āºLLz yĉ¾LLÑ

ĈĉĀLLÊí ĆLL°ĉ½¹ {ýwLL«Ĉ vÀLLåv wLLz ¢{LLÆý Èĉa/1y  ÿ 1Fr 

vÀåvÈĉ LùĈIºLzwĉ  ¾¤ùv½wL~ ¾L§v ĂL¯¾ñv¾LĊ·v í¾L¤ú ¢LÅv) 

 ½¹v¾LÉĉÔ ¾«Lĉûw ç¾â¤LÆù¾LÑ Iĉy āºLz  ¾Lz āÿĒLÝa/1y 

 ÿ1FrI ò¤LLLÆzvÿĈ ºLLLÉĉºć  ĂLLLza/ty ¹½v¹ w«$Ĉĉ ĂLLLíty 

 èLúÝw~LLĉxw LÝ¾å ówLLýwíĈ  )#¢LLÅv ûv½wLLîúă ÿ Ĉ£½ĀùwLLùv½

(Ramamurthy et al., 1986) LLÞõwÖù wLLzĆ  ĈăwòLLÊĉwù¿j

 ûwLLĉ¾« ¡wĊLLÍĀÎ· ½¹ĂLLý¿ÿ½ ½¹ Ĉ{ýwLL« ĈöĊÖ¤LLÆù ćwLLă

ówýwí ĂL¬Ċ¤ý üLĉv ĂLz I¿wLz ćwă āºLz yĉ¾LÑ ĂLí ºýºĊLÅ½

½ĀLL{Ýć LLý¿ÿ½ ¿vĆ {ýwLL«Ĉ ÞzwLL£Ĉ  ¢LLÅv IĂLLý¿ÿ½ óĀLLÕ ¿v

öLÍv ówLýwí Ï¾LÝIĈ  ówLLýwí ½¹ ÔLÅĀ¤ù ¢Ý¾LÅ ¢{LÆý ÿ

öLLÍvĈ LL«ÿ¾· ¢LL« ¢Ý¾LLÅ ĂLLzĈ )ĂLLý¿ÿ½ ¿v ĈùvĀLLÅ  ÿ

ûv½wLLLîúă (Swamee et al., 1993)  ¿v ā¹wæ¤LLLÅv wLLLz

 ôLL³ ÿ ĈýwLLúõv āºLLz yĉ¾LLÑ ÷ĀLLĄæù ĂLLÖzv½ IĈýwLLîù ¾LLĊâ¤ù

ºLLz yĉ¾LLÑ ćv¾LLz ĈLLÖzvÿ½ ½¹ Ĉ{ýwLL« ĈĉĀLLÊí ĆLL°ĉ½¹ ā

)ºLLý¹¾í üĊLLĊÞ£ ç¾â¤LLÆù ÿ ¹v¿j ûwLLĉ¾« ¢LLõw³ v wLLzüLLĉ 

 Iów³üĊLĊÞ£  ā¹wæ¤LÅv wLz ĈĉĀLÊí ĆL°ĉ½¹ ¿v ć½ĀL{Ý āºLz

 ĂLõ¹wÞù ìLĉ ôL³ ĂLz ¿wLĊý ÿ ¢LÆĊý ā¹wÅ ¡đ¹wÞù üĉv ¿v

¹½v¹ ĈþúLLÑ) wLLĄ«ÿv w{zwLLÅ ÿwĉ (Ojha & Subbaiah, 

1997) ¾«ûwLLĉ ½ĀLL{Ýć LLý¿ÿ½ ¿vĆ {ýwLL«Ĉ í¾£ wLLzyLLĊćwLLă 

ñºLLÉ¿wz äLLö¤¸ùĈ  ĂLLý¿ÿ½ ©wLL£ ÛwLLæ£½v ÿ ĂLLý¿ÿ½ ½¹ v½

wù¿jºLLLý¹¾í ĈLLLÅ½¾z āwòLLLÊĉ) ûwĊLLLÅºé (Ghodsian, 

2003)  óĀLLLÕ ½¹ ËĀLLLÎ¸ù ćÁ¾LLLýv ĂLLLîþĉv Ï¾LLLå wLLLz

°ĉ½¹Ć ĈLù ¢Lzw§ Ĉ{ýw«IºLýwù ¾LÑyĉ  ĂLz Ă¤LÆzvÿ v½ āºLz

a/1y  ÿ1Fr v¾LLzć v¾LLÉÔĉ ¾«ûwLLĉ ¹v¿j ĂLLz ÿ ºLLý¹½ÿj ¢LLÅ¹

ĂLLí ºLLý¹¾í ûvĀLLþÝ  ¢{LLÆý Iç¾â¤LLÆù ûwLLĉ¾« ¢LLõw³ ½¹

a/ty ĈLLù ĂåwLLÑv wLLă¾¤ùv½w~ üLLĉv ĂLLz ÀLLĊý¹ĀLLÉ) üĊLLÆ³  ÿ

 ûv½wLLLîúă(Hussain et al., 2010) LLLzw LLLÞõwÖùĆ 

½ĀL{Ý āºz ¡wÎ¸Êùć Lý¿ÿ½ ¿vĆ {ýwL«Ĉ v¹ā¾Lĉćv £ ĂL{õÀLĊ 

wLL¤ý ¿v ā¹wæ¤LLÅv wLLz ÿ ówLLýwí ½¹ªĉ ā¹v¹wLLăć wù¿jIĈăwòLLÊĉ 

ĂLLÖzv½vć v¾LLzć  ĂLLÖzv½¾LLÑyĉ LLý¿ÿ½ ½¹ āºLLzĆ {ýwLL«Ĉ 

v¹ā¾LLĉćv )ºLLý¹v¹ ĂLLtv½v üĊLLÆ³  ûv½wLLîúă ÿ(Hussain et 

al., 2011) wLLz  ĆLLÞõwÖùwù¿jĈăwòLLÊĉ LLÍĀÎ·¡wĊ  ½¹ āºLLz

LLý¿ÿ½Ć {ýwLL«Ĉ Ö¤LLÆùĈöĊ ówLLýwí ½¹v ĂLLz I¿wLLzÿ½ ćwLLăüLLĉ 

¤ýĂ¬Ċ Å½ºýºĊ ¾LÑ ĂLíyĉ Lý¿ÿ½ āºLzĆ {ýwL«Ĉ Ö¤LÆùĈöĊ 

 ĂLz ĂLý¿ÿ½ ¹wLÞzv ¢{LÆý ÿ ¢LÅ¹đwz ¹ÿ¾Lå ¹ºLÝ Ăz Ă¤Æzvÿ

LLLÍv ówLLLýwí Ï¾LLLÝöĈ ¢LLLÅv)  ĕv ¢LLLúÚÝûv½wLLLîúă ÿ 

(Azamathulla et al., 2013)  Çÿ½ ¿v ā¹wæ¤LLLÅv wLLLz

ĈLîĊ¤ýÁ ćĀ¬¤Æ«I ĂLõ¹wÞù ĆL°ĉ½¹ āºLz yĉ¾LÑ ćv¾Lz ćv

 ÿ ºLý¹¾í ¹wĄþLÊĊ~ Ĉ{ýwL« ĈĉĀÊí¾LÑyĉ  Ă¤LÆzvÿ v½ āºLz

ĂLLz ¾ê£ ¹ÿ¾LLå ¹ºLLÝĈLL{ĉ öLLÍv ówLLýwí ½¹IĈ  èLLúÝ ¢{LLÆý

¢LLÅ¹đwzI ñºLLÉ¿wz ÿĈ  )ºLLþ¤å¾ñ ¾LLÚý ½¹ ĈĉĀLLÊí ĆLL°ĉ½¹

ôĊÝwúLLLÅv ûv½wLLLîúă ÿ ā¹v¿(Esmailzadeh et al., 

2014) wLz ĈLÅ½¾z µ¾LúĊýćwLă ¢Ý¾LÅ ½¹ ĂLÅ ćw¤LÅv½ 

IĈõĀÕ ĈLÑ¾Ý ÿ ć¹ĀLúÝ ½¹ óĀLÕ ĆL°ĉ½¹  ûwLÊý IĈ{ýwL«

 ºLLý¹v¹ ĈLLîĉ¹Àý ½¹ ĈõĀLLÕ ¢Ý¾LLÅ ½vºLLêù üĉ¾¤LLÊĊz ĂLLí

LL°ĉ½¹ ćvºLL¤zvĆ ĈLLù çwLLæ£v Ĉ{ýwLL«ºLL¤åv  ÿ ¢LLÅ¹đwz ½¹

°ĉ½¹ýwL« ĆĈ{ ÿ Ĉĉw« ½¹ ¹ĀL«ÿ Ĉ{ýwL« ûwLĉ¾« ®ĊLă ĂLí

ć½¼òzj ôĊö´£ ½¹Ă°ĉćwă  ĈĉĀÊí{ýw«Ĉ £ Ă{õÀĊ … 
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¹½vºLLLýI ¢Ý¾LLLÅ  ĈLLLÑ¾Ý ĆLLL°ĉ½¹ ¿v ć½ĀLLL{Ý ¢Ý¾LLLÅ$

 #Ĉ{ýwLL« ĈĉĀLLÊí½vºLLêù ¢LLÅv ć ÿ ÀĊ¯wLLý wLLz ĂLLz ¹ÿ½ÿ

Ĉ{ýwL« Ă°ĉ½¹ ĈLù ÈăwLí Ä LÅ ÿ ÈĉvÀLåv vºL¤zv ÿ ºLzwĉ

 çwLLæ£v ¾LLĊòzj ĂLL°ĉ½¹ ÔLLÅÿ ½¹ MwLL{ĉ¾ê£ ½vºLLêù ĂþĊLLÊĊz

Ĉù)ºL¤åv ówLýwí äLí ĈLîĉ¹Àý ½¹ ĈLÑ¾Ý ¢Ý¾LÅI  ¢{LÆý

xj ²ÖLLÅ ìLLĉ¹Àý ¾ĉ¹wLLêù ĂLLzć¾¤LLÊĊz ¾ĉ¹wLLêù I )¹½v¹ 

ĈLù ĂåwLÑv ûwêê´ù üĉv ĂLí ºLþþí I¹wLĉ¿ ć¹ĀLúÝ ¢Ý¾LÅ

LLL°ĉ½¹ ¡½ÿwLLL¬ù ½¹ ĆûwLLLÊý Ĉ{ýwLLL«ºþă¹ą  ¡wLLLýwĉ¾«

LLĉĀýw§Ć )¢LLÅv ĂLLĊ³wý üLLĉv ½¹ ćĀLLé ć½wLLæá  ûv½wLLîúă ÿ

(Ghaffari et al., 2016) {LLÉ wLLzĂĊ ¿wLLÅć ¾«ûwLLĉ  ½¹

LLý¿ÿ½ ãv¾LLÕvĆ {ýwLL«Ĉ Ö¤LLÆùĈöĊ  wLLz¾ý ¿v ā¹wæ¤LLÅv÷ ½vÀLLåv

¾£Āöåć Ić¹Lý¿ÿ½ ©wL£ ÛwLæ£½v ¾L§vĆ {ýwL«Ĉ  v½â£ ¾Lz¡v¾LĊĊ 

ùoĂLLæõwLLăć ¾« ¹v¿j ²ÖLLÅ ÿ ¢Ý¾LLÅ äLLö¤¸ùûwLLĉ  ½¹

ý¿ÿ½ ¡½ÿw¬ùĆ {ýw«Ĉ öÍv ówýwí ½¹Ĉ ºý¹¾í ĈÅ½¾z) 

 Ixj ²ÖLLÅ µ¾LLúĊý üĊLLĊÞ£ ¾LLÑw³ èLLĊê´£ ¿v ãºLLă

ĂL°ĉ½¹ ¿v ć½ĀL{Ý āºLz ÿ ĈñºLÉ¿wz ÀLĊ£ ĂL{õ Ĉ{ýwL« ćwLă

 Ôĉv¾LLÉ ½¹ ĈLLýv¾´z ¾LLĉ¿ ûwLLĉ¾« øLLĉÁ½ ½¹ ĈöĊÖ¤LLÆù

 ćv¾LLz ĈĉwLLă¹¾îĉÿ½ ĆLLtv½v ÀLLĊý ÿ ç¾â¤LLÆù ÿ ¹v¿j ûwLLĉ¾«

 )¢LLÅv Iç¾â¤LLÆù wLLĉ ¹v¿j ¿v øLLÝv IûwLLĉ¾« Ôĉv¾LLÉ ÀĉwLLú£

wòLLÊĉwù¿j ĆLLÞõwÖù wLLz I½ĀLLÚþù üLLĉv ćv¾LLz ĈLLÅ½¾z ĂLLz IĈă

ĆLLõ¹wÞù ôLL³ ¹¾LLîĉÿ½ ÿ¹  øLLĉÁ½ ½¹ ĈýwLLîù ¾LLĊâ¤ù ûwLLĉ¾«

¾LLĉ¿ ûwLLĉ¾« ĆLLõ¹wÞù ôLL³ øĊê¤LLÆù Çÿ½ ÿ ĈLLýv¾´z  āºLLz

ĂLL°ĉ½¹ ¿v ć½ĀLL{Ý ¡wLLÎ¸Êù üĊLLĊÞ£ ½¹ Ĉ{ýwLL« ćwLLă

ĂLL°ĉ½¹ ¿v ć½ĀLL{Ý ûwLLĉ¾« āºLLÉ ĂLL¤·v¹¾~ IĈ{ýwLL« ćwLLă

)¢LLÅv ĂLLz üĊLLĊÞ£ ÿ ć¹wĄþLLÊĊ~ ¡đ¹wLLÞù Ĉ¬þLLÅvÿ ½ĀÚþù

āºLz ¾Lz ¾§ĀLù ćwă¾¤ùv½w~ ĂL°ĉ½¹ ¿v ć½ĀL{Ý IĈ{ýwL« ćwLă

ā¹v¹ ¾LLz āÿĒLLÝ ¿v I¾LLÑw³ èLLĊê´£ ĈăwòLLÊĉwù¿j ćwLLă

ā¹v¹ ĂLLÝĀú¬ù vºLLýw~ ĈăwòLLÊĉwù¿j ćwLLă(Panda, 1981) 

 ½vĀýwLL£ IäLLö¤¸ù Ï¾LLÝ wLLz Ĉ{ýwLL« ĆLL°ĉ½¹ ĂLLÅ ćÿ½

(Tanwar, 1984)ĈùvĀLLÅ I ûv½wLLîúă ÿ (Swamee et 

al., 1993)  wLLLÉwz ÿ(Basha, 1998)  āºLLLÉ ā¹wæ¤LLLÅv

)¢Åv 

Çÿ½ ÿ ¹vĀùwă 

 معادلات حاکم

 ی(مکان یرمتغ یانحل رابطه جررویکرد اول )

 ôL³ ĂLÖzv½ 5ĈýwLîù ¾LLĊâ¤ù ûwLĉ¾« ĂLÖzv½ ĈîĊùwLLþĉ¹

ĂLL°ĉ½¹ ½¹ ûwLLĉ¾« ìĊõÿ½ºLLĊă ¾LLz øíwLL³ ĈĉĀLLÊí ćwă

ĂLLz ĈöĊÖ¤LLÆù ć½ĀLLÊþù ówLLýwí ½¹ Ĉ{ýwLL« ¾LLĉ¿ ¡½ĀLLÍ

 ¢Åv(Chow, 1959)) 

 

$,# 
Ὠώ

Ὠὼ

Ὓ Ὓ
ὗ
Ὣὃ
 
Ὠὗ
Ὠὼ

ρ
ὗὝ
Ὣὃ

 

Iûj ½¹ Ăí 

dy/dx 6 ĈõĀLLÕ ½ĀLL´ù ĂLLz ¢{LLÆý xj ²ÖLLÅ ¡v¾LLĊĊâ£J 

x 6 ½¹ Ĉ{ýwLLL« ĆLLL°ĉ½¹ ĈĉđwLLLz ĆLLL{õ ćvºLLL¤zv ¿v ĂöLLLÍwå

ĈöLLÍv ówLLýwí ĈõĀLLÕ ½ĀLL´ù ¹vºLL¤ùvJ 0S  6 äLLí yĊLLÉ

ówLLLýwíJ fS  6ĈíwîÖLLLÍv yĊLLLÉJ Ŭ  6 ²Ċ´LLLÎ£ yĉ¾LLLÑ

ĈLLÊ{þ« ćÁ¾LLývJ Q  6ĈöLLÍv ówLLýwí āºLLzJ g ôLLê§ xw¤LLÉJ 

A  6ûwLLĉ¾« ÜLLÖêù ²ÖLLÅJ T  6 xj ¹v¿j ²ÖLLÅ Ï¾LLÝ

ĈöLLLÍv ówLLLýwí ½¹J  ÿdQ/dx 6  óĀLLLÕ ½¹ āºLLLz ¡v¾LLLĊĊâ£

)Ĉ{ýw« Ć°ĉ½¹ 

 ĂLLz ĈöLLÍv ówLLýwí ½¹ ËĀLLÎ¸ù ćÁ¾LLýv üĊLLĊÞ£ ĆLLÖzv½

 ¡½ĀÍ ĆÖzv½- ¢Åv.  

$-# Ὁ ώ
ὗ

ςὫὄώ
 

 

     ý ½¹ wLLzā¹wLLÅ ¡wĊLLÑ¾å ĈLL·¾z ü¤å¾LLñ ¾LLÚ ½¹ āºþþí

 ĂLLLÖzv½, ćÁ¾LLLýv ü¤å¾LLLñ ¾LLLÚý ½¹ ¢LLLzw§ ĂLLLöú« ¿v I

 ó¹wLLÞù ĂLLí Ĉ{ýwLL« ĈĉĀLLÊí ĆLL°ĉ½¹ óĀLLÕ ½¹ ËĀLLÎ¸ù

 ü¤å¾LLLñ ¾LLLÚý ½¹0=fS-0S $ wLLLĉ0=0S  ÿ0=fS ÿ ¢LLLÅv #

 ćÁ¾LLýv ²Ċ´LLÎ£ yĉ¾LLÑ û¹v¹ ½v¾LLé h wLLz ÿ ìLLĉ ćÿwLLÆù

 ĆLLÖzv½ ć½v¼LLòĉw«- ĆLLÖzv½ ½¹ , I ĆLLÖzv½.  ôĊLLÆýv¾æĉ¹

ûwĉ¾« ÛĀLý üĉv ¾z øíw³ĂLz wLă ¡½ĀLÍ ĆLÖzv½. ĂLz ¢LÅ¹

Ĉùºĉj) 
 

               ā¿wÅ ĈÅºþĄù ¡wêĊê´£ĈÊîă¿ ÿ ć½wĊzj ćwă* ºö«-+*  ā½wúÉ22*  ûw¤Æù¿,.43* Ë.3(,2 

 

 



21 

 

$.# Ὠώ

Ὠὼ
 
  ςὉ ώ

ὄ Ὣ σώ ςὉ

Ὠὗ

Ὠὼ
 

 

ĂLLz óĀLLÕ ½¹ āºLLz ¡v¾LLĊĊâ£ ûvÀLLĊù üĊLLĊÞ£ ½ĀÚþù

 ÷¾LLå ºLLĉwz IĈ{ýwLL« ĆLL°ĉ½¹ ĂLLÖzv½ wLLz )¹ĀLLÉ Ì¸LLÊù āºLLz

 Ĉ{ýwLL« ĆLL°ĉ½¹ óĀLLÕ ½¹ ¢Ý¾LLÅ ¡v¾LLĊĊâ£ ĂLLz ĂLL«Ā£

ôĊÝwúLLLÅv ¡wLLêĊê´£$ ûv½wLLîúă ÿ ā¹v¿(Esmailzadeh 

et al., 2014)  MwÍĀÎ· ÿùwLòþăĈ Lzj ½wLz ĂLíĈ  ¢LÅ¹đwz

ĂLLz ¢{LLÆýùûvÀĊ ñºLLÉ¿wzĈ ½¹ĂLL°ĉ  IºLLÉw{ý ĂLL«Ā£ ôLLzwé

LLúýĈ¿Ā£ ûvĀLL£ÜLLĉ ñºLLÉ¿wz ÜLLÖêù ½¹ ¢Ý¾LLÅĈ ½¹ĂLL°ĉ  v½

ûwLLÆîĉ v ½¹ )¹¾LLí Ï¾LLåüLLĉ ¢LLõw³I ¿Ā£ÜLLĉ  ½¹ ¢Ý¾LLÅ

ñºLLÉ¿wz ÜLLÖêùĈ ½¹ĂLL°ĉ ½¹ äLLí ¿vĂLL°ĉ LL{õ wLL£Ć đwLLzć 

ñºLLÉ¿wzĈ ½¹ĂLL°ĉ â¤ù¾LLĊ ¢LLÅv)  ôîLLÉ ĂLLz ĂLL«Ā£ wLLz- I

 ½¹ ¢Ý¾LLLÅ¾LLLă  èLLLúÝy ÀLLLí¾ù ½ĀLLL´ù ĂLLLz ¢{LLLÆýć 

ñºÉ¿wzĈ ¿v ¢Åv ¡½w{Ý  ĆÖzv½$/#) 

 

$/# ὠ ςὫ Ὄ ώ 
 

ûj ½¹ ĂíI 

 

CH6  ĈñºLLÉ¿wz ćÀLLí¾ù ½ĀLL´ù ĂLLz ¢{LLÆý ûwLLĉ¾« èLLúÝ

$a/2)# 

       ìL¯Āí Ï¾LÝ ìLĉ ü¤å¾Lñ ¾LÚý ½¹ wzdx  ĆL°ĉ½¹ ¿v

 ²ÖLLÅ ¿v Ĉîĉ½wLLz ½vĀLLý ûwLLĊù ¿v ć½ĀLL{Ý ûwLLĉ¾« IĈ{ýwLL«

a.dx 5wz ¢Åv ¾zv¾z 

 

 

$0# 

Ὠὗ

Ὠὼ
ὠ Ὠώ ὅ ςὫ Ὄ ὣ ὨώO  

Ὠὗ

Ὠὼ
ὅ  ςὫ Ὄ ὣ Ὠώ 

 

ā¹wÅ wz Ić¿wÅ5¢Év¹ øĊăvĀ·  

 

$1# Ä1

Ὠὼ

ς

σ
#  ςὫ ώ ώ ὥ  

 

ûj ½¹ ĂíI 

y  6 ¹vºLL¤ùv ½¹ xj èLúÝx öLLÍv ówLLýwí äLLí ĂLz ¢{LLÆýĈJ 

dC  6¾Ñĉy āºzJ ÿ a  6Ć°ĉ½¹ ĈñºÉ¿wz )Ĉ{ýw« 

 

 

 
 

 ôîÉ-( wúýĉÈ wă¾¤ùv½w~ć ùo¾z ¾§ ăĊõÿ½ºĊì ¾«ĉûw ½¹ĉ°Ć ĀÊíĈĉ {ýw«Ĉ 

Fig. 2- Effective parameters on the flow hydraulic of the side sluice gate 

 

  

  

ć½¼òzj ôĊö´£ ½¹Ă°ĉćwă  ĈĉĀÊí{ýw«Ĉ £ Ă{õÀĊ … 
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LLÖzv½ Ć1 I ĂLLÖzv½LLú¸£ ÜùwLL«üĊ  wLLz ÓwLL{£½v ½¹ āºLLz

¾Ñyĉ ½¹ āºzĂL°ĉwLăć ĀLÊíĈ{ýwL« Ĉĉ v¾Lz ĂLí ¢LÅvć 

¢{LLÆý ÷wLLú£wLLăć ñºLLÉ¿wz ĂLLz ¢LLÅ¹đwz ºLLăĈ ½¹ĂLL°ĉ 

 ¹¾z½wLLí )¹½v¹ĈùvĀLLÅ ûv½wLLîúă ÿ (Swamee et al., 

1993)  ôLLĊñ ÿ(Gill, 1987) ĂLLz ÔLLzvÿ½ yĊ£¾£2  ÿ3  v½

ĂLL°ĉ½¹ óĀLLÕ ºLL³vÿ ½¹ āºLLz üĊLLĊÞ£ ćv¾LLz ĈĉĀLLÊí ćwLLă

å¾ñ ¾LLÚý ½¹ Ĉ{ýwLL« ąºLLÉ ā¹wLLÅ ¢LLõw³ ÜLLévÿ ½¹ ĂLLí ºLLþ¤

 ĆÖzv½1 )¢Åv 

$2# Ὠὗ

Ὠὼ
ὅ ὥ ςὫ ώ  

$3# Ὠὗ

Ὠὼ
ὅ ὥ ςὫ ώ  

 

 ć½v¼LLòĉw« wLLzxvÿ½Ó 1 I2  ÿ3 ½¹ ĆLLÖzv½ , I ĆLLÖzv½

ûwĉ¾« ÛĀLLý üLLĉv ¾LLz øíwLL³ ôĊLÆýv¾æĉ¹¢LLõw³ ½¹ wLLă ćwLLă 

 

Ăz äö¤¸ùĂz yĊ£¾£Ăz ¾ĉ¿ ¡½ĀÍĈù ¢Å¹ºĉj5 

$4# Ὠώ

Ὠὼ
 
τ

σ
ὅ
  Ὁ ώώ ώ ὥ

ὄσώ ςὉ
 

$,+# Ὠώ

Ὠὼ
 
 ς ὥ ὅ ώὉ ώ

ὄσώ ςὉ
 

$,,# Ὠώ

Ὠὼ
 
 ς ὥ ὅ ώ ὥςϳ Ὁ ώ

ὄσώ ςὉ
 

 

ĂLLÖzv½ ćwLLă,+  ÿ,,  ºþ¤LLÆă ĈLLöĊö´£ ôLL³ ćv½v¹ ÿ

 ĆLLÖzv½ wLLz xj ²ÖLLÅ µ¾LLúĊý üĊLLĊÞ£ ćv¾LLz4  ôLL³ ¿v

 ā¹wæ¤LLÅv ÷½wLLĄ¯ ĆLL{£¾ù ćwLL£Āí ðLLýv½ Çÿ½ ¿v ć¹ºLLÝ

óv¾LLò¤ýv wLLz )ºLLÉĂLLÖzv½ ¿v ć¾LLĊñ ćwLLă,+  ÿ,,  ā¿wLLz ½¹

x=0  wLL£x=b ĂLLzĂLLÖzv½ yĊ£¾£ ćwLLă,-  ÿ,. ĂLLz ¢LLÅ¹

Ĉù)ºþĉj 
 

$,-# ὅ  
ὄ

ςὥὦ
ᶮ ᶮ      ȟɲ ώȟὉ σ Ὁ ώώ ὉίὭὲ

ώ
Ὁ 

$,.# ὅ  
ὄ

ςὥὦ
ᶮ ᶮ     ȟɲ ώȟὉ

σЍς

ς
 Ὁ ώ ςώ ὥ

ςὉ σὥ

τ
ίὭὲ

ςὉ ὥ τώ

ςὉ ὥ
 

 

 ĆLLÖzv½ ÔLLÅĀ£ xj ²ÖLLÅ µ¾LLúĊý ć¹ºLLÝ ôLL³ ćv¾LLz

4  I÷½wLLĄ¯ ĆLL{£¾ù ćwLL£Āí ðLLýv½ Çÿ½ ¿v ā¹wæ¤LLÅv wLLz

 ĂLL¤å¾ñ ¾LLÚý ½¹ Ĉ{ýwLL« ĆLL°ĉ½¹ ćvºLL¤zv ½¹ ó¾LL¤þí ÜLLÖêù

vºLL¤zv ½¹ )¢LLÅv āºLLÉI  ówLLýwí āºLLz IĂLL°ĉ½¹ ¡wLLÎ¸Êù

 ĆLLÖzv½ ½¹ ĂLL°ĉ½¹ ćvºLL¤zv ½¹ xj èLLúÝ ÿ ĈöLLÍv4  ówLLúÝv

ĈLLù ÿ ĂLLĊõÿv āºLLz yĉ¾LLÑ Ï¾LLå wLLz ûj ¿v ÄLL~ )¹ĀLLÉ

 µ¾LLúĊý I÷½wLLĄ¯ ĂLL{£¾ù ćwLL£Āí ðLLýv½ Çÿ½ ¿v ā¹wæ¤LLÅv

Ĉù Ă{LLÅw´ù Ĉ{ýwLL« ĆLL°ĉ½¹ óĀLLÕ ½¹ xj ²ÖLLÅ ÿ ¹¹¾LLñ

ĈLLù Ĉ{ýwLL« ĆLL°ĉ½¹ ćwLLĄ¤ýv ĂLLz ÷w¬ýv¾LLÅ èLLúÝ ÿ ºLLÅ½

üĊĉw~´ù ¢LLÅ¹Ĉù Ă{LLÅw ¿v ā¹wæ¤LLÅv wLLz IĂLLùv¹v ½¹ )¹ĀLLÉ

ĂLLz èLLúÝĆLLÖzv½ èzwLLÖù ĂLL°ĉ½¹ ćwLLĄ¤ýv ¿v āºLLùj ¢LLÅ¹ 

 

,/ĈLLù Ă{LLÅw´ù ĂLL°ĉ½¹ ĈĉwLLĄ¤ýv ÜLLÖêù ½¹ āºLLz I ÿ ¹ĀLLÉ

 ĆLLÖzv½ èzwLLÖù Ĉ{ýwLL« ĆLL°ĉ½¹ ¾LLĉ¿ ¿v ć½ĀLL{Ý āºLLz MwLL¤ĉwĄý

,0 Ĉù üĊĊÞ£¹¹¾ñ) 
 

$,/# ὗ ὄ ώ ςὫὉ ώ   
 

 ½¹ĂLLLÖzv½  IđwLLLz2y ¤ýv ½¹ xj èLLLúÝ ĂLLL°ĉ½¹ ćwLLLĄ

 ÿ Ĉ{ýwL« ĆL°ĉ½¹ ćwLĄ¤ýv ÿ vºL¤zv ½¹ āºLz ü¤LÉv¹ wz )¢Åv

 ôLLzwé Ĉ{ýwLL« ĆLL°ĉ½¹ ¾LLĉ¿ ¿v ć½ĀLL{Ý āºLLz wLLĄýj ôLLÑwæ£

)¹Āz ºăvĀ· Ă{Åw´ù 
 

$,0# ὗ ὗ ὗ 

 

 

               ā¿wÅ ĈÅºþĄù ¡wêĊê´£ĈÊîă¿ ÿ ć½wĊzj ćwă* ºö«-+*  ā½wúÉ22*  ûw¤Æù¿,.43* Ë.3(,2 
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Iûj½¹ Ăí 

Qs  6Ĉ{ýwLL« ĆLL°ĉ½¹ āºLLzJ 1Q  6 ĈöLLÍv ówLLýwí āºLLz

Ĉù Ï¾LLLå ÷ĀLLLöÞù ĂLLLí$ ĂLLL°ĉ½¹ ćvºLLL¤zv ½¹#¹ĀLLLÉJ  ÿ 

2Q  6 ówýwí āºzüĊĉw~ ½¹ ĈöÍv)Ă°ĉ½¹ ¢Å¹ 

 Ă{LLÅw´ù Ĉ{ýwLL« ĆLL°ĉ½¹ ¾LLĉ¿ ¿v ć½ĀLL{Ý āºLLz ¾LLñv

 Ï¾Lå āºLz yĉ¾LÑ IºLÉwz ¾Lzv¾z ĈăwòLÊĉwù¿j āºLz wz āºÉ

 āºLLz yĉ¾LLÑ ìLLĉ Ï¾LLå wLLz ĂLLý¾ñÿ ¢LLÅv ¢LLÅ½¹ āºLLÉ

 Ĉ{ýwLL« āºLLz ûºLLÉ ¾LLzv¾z wLL£ ¡w{LLÅw´ù ôLL³v¾ù ºLLĉº«

ÈĉwLù¿j ¿v ć¾LÅ ¾Lă ćv¾Lz Ĉ£w{LÅw´ù ÿ ĈăwòÊĉwù¿j wLă

Ĉù ½v¾Lî£)¹ĀLLÉ  ćv¾LLz¹ºLÝ ôLL³ć åÿ¾~ôLLĊ  wLLz xj ²ÖLLÅ

wL£Āí ðLýv½ Çÿ½ ¿v ā¹wæ¤Åvć ÷¾Lý ¿v ÷½wLĄ¯ ĂL{£¾ù ½vÀLåv

 yö¤ù)ºÉ ā¹wæ¤Åv 

 

برر ع ورررار  ا  رابطرره مسررتمیم حررل رویکرررد دو) )

 ها  جانری(دریچه

 āºLLz ¡v¾LLĊĊâ£ ĂLLîþĉv Ï¾LLå wLLz I¹¾LLîĉÿ½ üLLĉv ½¹

 ¿v ć½ĀLL{Ý I¢LLÅv ¢LLzw§ ûj óĀLLÕ ½¹ ĈĉĀLLÊí ĆLL°ĉ½¹

ĈùĂLÖzv½ ûvĀL£ĂL°ĉ½¹ ¿v ć½ĀL{Ý āºLz üĊLĊÞ£ ćwLă ćwLă

ĂLLÖzv½$ Ĉ{ýwLL« ćwLLă1 I2  ÿ3 v½ #ĂLLzĂLLz yĊ£¾£ ¡½ĀLLÍ

 Ôzvÿ½,1 I,2  ÿ,3 5¢å¾ñ ¾Úý ½¹ 

 

$,1# ¾Ñw³ èĊê´£ 1
ς

σ
# Â ςὫ ώ ώ ὥ  

$,2# ĈùvĀÅ ûv½wîúă ÿ $Swamee et al., 1993# ὗ ὅ ὥ ὦ ςὫ ώ  

$,3#  ôĊñ$Gill, 1987# ὗ ὅ ὥ ὦ ςὫ ώ
ὥ

ς
  

 

  ابعاد لیتحل

v ½¹üLLĉ ê´£IèLLĊ LL£m§¾Ċ â¤ù¾ĊćwLLă  ĂLLöú« ¿v äLLö¤¸ù

ĂLLLÎ¸Êùwăć ă ¢Ý¾LLLÅ ÿ èLLLúÝ 5ôùwLLLÉ$ ĈîĊõÿ½ºLLLĊ

#¾LLĊòzj ówLLLýwí ÿ ĈöLLÍv ówLLLýwí ½¹ ûwLLĉ¾« LLLÅºþă ÿĈ 

 ÿ ¾LLĊòzj ówLLýwí Ï¾LLÝ IĈöLLÍv ówLLýwí Ï¾LLÝ 5ôùwLLÉ$

 #ĂLL°ĉ½¹ ĈñºLLÉ¿wzĂLLz¡½ĀLLÍ vÀLL¬ù ½¹ Ăz¢LLÅ¹ û¹½ÿj 

yĉ¾LLÑ  āºLLzLLÅ½¾zĈ āºLLÉ )¢LLÅv  èLLĊê´£ ÃwLLÅv ¾LLz

üĊLLÆ³ $ ûv½wLLîúă ÿHussain et al., 2011#  ¾LLÚý ½¹ ÿ

 ¾LLĊâ¤ù ü¤å¾LLñty  ¾§oLLù ćwLLă¾Ċâ¤ù Içv¾â¤LLÅv Ôĉv¾LLÉ ½¹

½¹ v½ Ĉ{ýwLLL« ĆLLL°ĉ½¹ āºLLLz yĉ¾LLLÑ ½¹  ÿ ¹v¿j Ôĉv¾LLLÉ

Ĉù ç¾â¤ÆùĂz ûvĀ£ ¡½ĀÍ ĆÖzv½,4 5¢å¾ñ ¾Úý ½¹ 

 

$,4# ὅ Ὢὦȟὥȟὄȟὠȟώȟώȟ”ȟ‘ȟὫ 

 

 xwLLL¸¤ýv ÿ ÷wLLĄòþĊíwz ĈLL~ ĆLLLĉ¾Úý ¿v ā¹wæ¤LLÅv wLLz

 ćwLLLă¾Ċâ¤ùb I1V  ÿr ĂLLLz Ić½v¾LLLî£ ćwLLLă¾¤ùv½w~ ûvĀþÝ   

Ċâ¤ùĈz ćwLLă¾ Ĉ{ýwLL« ĆLL°ĉ½¹ āºLLz yĉ¾LLÑ ½¹ ¾§oLLù ºLLÞz

 ¡½ĀÍ Ăz ¾ĉ¿5¢Åv 
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tv½vĆ  ĂÖzv½ ĂL¤·v¹¾~ āºLz yĉ¾LÑ ćv¾Lz yLÅwþù ĈLþĊú¸£

)¹ĀLÉ Ĉù ĊLú¸£ ½¹¾Ċâ¤ù ÃwLÅv ¾Lz āºLz yĉ¾LÑ ü ćwLă

Ĉz ¿v IªĉwLL¤ý ôLLĊö´£ ÿ ºLLÞzĂLLÖzv½ wLLăĂLLÎ¸Êù ÿ ćwă

 ć½wùj ºLþýwù Ì·wLÉ üĊòýwLĊù wLÖ· ºLÍ½¹ èLöÖù ½ºLé
,$MAPE ÿ # üĊòýwLLĊù wLLÖ· ¡wLLÞz¾ù ½¼LL«-$RMSE #

Ăz)ºÉ ā¹wæ¤Åv ¾ĉ¿ ¡½ĀÍ 
 

$--# ὓὃὖὉ
ρππ

ὔ

ὅ έὦίὩὶὺὩὨὅ ὩίὸὭάὥὸὩὨ

ὅ έὦίὩὶὺὩὨ
 

$-.# ὙὓὛὉ
ρππ

ὔ
ὅ έὦίὩὶὺὩὨὅ ὩίὸὭάὥὸὩὨ 

j ½¹ ĂíIû 

 N ā¹v¹ ¹vºLLLÞ£6JĈăwòLLLÊĉwù¿j ćwLLLă i 6½wúLLLÉą 

ÈĉwLLù¿jJ (observed)dC  6ĈăwòLLÊĉwù¿j āºLLz yĉ¾LLÑJ 

 ÿ(estimated)dC  6ÔLLLLÅĀ£ ĈLLLLþĊú¸£ āºLLLLz yĉ¾LLLLÑ 

ĂÖzv½ Ătv½v ćwă)āºÉ 
 

 یشگاهیآ ما زاتیتجه

 üLLLĉvLLLÞõwÖùĆ õºLLLù ćÿ½ ĈăwòLLLÊĉwù¿jĈ  ĈLLLîĉÀĊå

÷wLL¬ýv ĂLLí ºLLÉ  ìĊõÿ½ºLLĊă āwòLLÊĉwù¿j ½¹ āºîLLÊăÿÂ~

¸zj ÿ ëwLL· ¢LLÙwæ³LLĊ½v¹Àć ©¾LLí  Ï¾LLÝ ĂLLz ĈùĀLLöå ½¹

0*,  óĀLLÕ I¾LL¤ù,2  èLLúÝ ÿ ¾LL¤ù3*+ ¾LL¤ù Ă¤·wLLÅºLLÉ ā

¢LLÅv )ĂLLz ½ĀÚþù ć¾LLĊòzj¿v  Ï¾LLÝ ĂLLz Ĉ{ýwLL« ówLLýwí

1*+ óĀLLÕ ÿ ¾LL¤ù0*-  ¿v ć¾LL¤ù ¢LLÊă ĂöLLÍwå ½¹ ¾LL¤ù

 ĈöLLÍv ówLLýwí ćvºLL¤zvºLLÉ ā¹wæ¤LLÅv)  xjwLLz  }LLú~ ¿v ÿ

èLLĉ¾Õ ĂLLõĀõI ¾LLĊ·» ûÀLL¸ù ìLLĉ ¿vą ĂLLz ĈLLþĊù¿¾ĉ¿  ûÿ½¹

 ĈöÍv ówýwíûwLĉ¾« ĈLù¢Låwĉ ĂLí  ć¹ÿ½ÿ ûwLĉ¾« ûvÀLĊù

ìLLúí ĂLLz  ó¾LL¤þí IĂLLõĀõ ćÿ½ āºLLÉ ĂLLĊ{Þ£ ĈĉvºLL¤zv ¾ĊLLÉ

ĈùÉ )ºÈĉwù¿j ćv¾Lz wLă ÿ ĈLýv¾´z ¾Lĉ¿ ûwLĉ¾« ¡wL{Ċí¾£

 ¿v äLLö¤¸ùāºLLz  ÿ xj èLLúÝÿ ĈöLLÍv ówLLýwí ½¹  ĈñºLLÉ¿wz

LL°ĉ½¹Ć  Ĉ{ýwLL« ĈĉĀLLÊí v¾LL«v½¹ )¢LLÅv āºLLÉ  ûwLLĉ¾«

 ¢LÉv¹¾z Iç¾â¤Æù¢Lõw³L°ĉ½¹ çv¾â¤LÅv äLö¤¸ù ćwLăĆ 

Ĉ{ýwLL« ĈĉĀLLÊí  ½¹ xj èLLúÝ ¾LLĊĊâ£ wLLzüĊĉwLL~ ¢LLÅ¹

 ÷ĀLLöå ¿v ĈLLöí ćwúLLÉ )¢å¾ĉ¼LL~ ¡½ĀLLÍ ¾LLĊòzj ówLLýwí

 ôîLLÉ ½¹ èLLĊê´£ üLLĉv ½¹ ā¹wæ¤LLÅv ¹½ĀLLù ĈăwòLLÊĉwù¿j. 

)¢Åv āºÉ ā¹v¹ ûwÊý 
 

 
 ôîÉ.( ûĒ~  ¿v Ĉöí ¡vÀĊĄ¬£èĊê´£ ½¹ ā¹wæ¤Åv ¹½Āù ĈăwòÊĉwù¿j 

Fig. 3- General plan of the laboratory equipment used in the study 
 

2- Root Mean Square Error 1- Mean Absolute Percentage Error 
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 üLLĉv ½¹Èĉwù¿j IèLLĊê´£LL°ĉ½¹ ćv¾LLz wLLăĆ  wLLz Ĉ{ýwLL«

 äLLö¤¸ù ĈñºLLÉ¿wz ĂLLÅ- I/  ÿ2 Ĉ¤ýwLLÅ Ï¾LLÝ ½¹ ¾LL¤ù

LLL°ĉ½¹Ć 1+ Ĉ¤ýwLLLÅ ÿ ¹v¿j ûwLLLLĉ¾« ¢LLLõw³ ÿ¹ ½¹ ¾¤ù

 ç¾â¤Æù v¾«vāºLÉºLýv  ÛĀLú¬ù ½¹ ĂLí,+2 ÈĉwLù¿j  ¾Lz

¿v üĊLLþ°úă )ºLLÉ ÷wLL¬ýv Ĉ{ýwLL« ĂLL°ĉ½¹ ćÿ½ ā¹v¹ ćwLLă

0-4  ¾LLòĉ¹ ûwLLêê´ù ÈĉwLLù¿j ÀLLĊý ā¹wæ¤LLÅvLLĉ¹¾ñ )º ½¹

 ôîLLÉ/I LL°ĉ½¹ ÿ ĈăwòLLÊĉwù¿j ÷ĀLLöåĆ  ¹½ĀLLù Ĉ{ýwLL«

Èĉwù¿j ½¹ ā¹wæ¤Åv)¢Åv āºÉ ā¹½ÿj wă 

 
 ôîÉ/(  ÿ ĈăwòÊĉwù¿j ÷Āöå°ĉ½¹Ć Ĉ{ýw« èĊê´£ üĉv ½¹ ā¹wæ¤Åv ¹½Āù 

Fig. 4- Experimental flume and the side sluice gate used in the experiments 
 

 ¾LLLă ćv¾LLLzLLL°ĉ½¹Ć  Ĉ{ýwLLL«ĈñºLLLÉ¿wz ¾LLLă ½¹I  

üĊĉw~ èLLúÝ IĈöLLÍv ówLLýwí āºLLz ¾LLĊĊâ£ ¾LLz āÿĒLLÝ ¢LLÅ¹ 

 ÀLLLĊý wLLLzÀĉ½¾LLLÅ ĉđĀLLLõüĊĉwLLL~ Ĉ¢LLLÅ¹  ā¹v¹ ¾LLLĊĊâ£ 

Ĉù )ºLLLÉ āºLLLzć¹ÿ½ÿ ĂLLLz  ĈöLLLÍv ówLLLýwíwLLLz  Àĉ½¾LLLÅ

 ĈöĊÖ¤LLÆù ĂLLz ć¹ÿ½ÿ āºLLz ÿ ûj ¢LLÅ¹đwz ówLLýwí ¾LLĊòzj 

wLLz  ûj ćwLLĄ¤ýv ĈLL¨ö¨ù Àĉ½¾LLÅā¿vºLLývĈLLù ć¾LLĊñ ºLLÉ 

 ĂLLíwLLz  )ºLLý¹Āz āºLLÉ ā¾{ĊõwLLí ĈLLÆĊÕwþâùÿ¾¤îõv ¾¤ùĀLLöå

 ĈöLLÍv ówLLýwí ½¹ xj ²ÖLLÅ µ¾LLúĊý wLLzèúÝ wLLz ªþLLÅ 

 ¢LLLé¹,*+ҕ ĈöĊù ¾LLL¤ùā¿vºLLLývć¾Ċñ èúÝ )ºLLLÉ ªþLLLÅ

 v½ ĈLLLLÑ¾Ý ÿ ĈõĀLLLLÕ ¢LLLLĄ« ½¹ ¢LLLLí¾³ ¢LLLLĊözwé 

¹ÿºLLLLLL´ù ÿ ¡wLLLLLLÎ¸Êù )¢LLLLLLÉv¹ą ¾Ċâ¤ù ćwLLLLLLă 

 ĈLLLLÅºþă ÿ ĈîĊõÿ½ºLLLLĊăÈĉwLLLLù¿j ćwLLLLăèLLLLĊê´£ 

  ¾ĉwLLLÅ ÿ ¾LLLÑw³ ûwLLLêê´ù óÿºLLL« ½¹, āºLLLÉ ĂLLLtv½v 

 )¢Åv 

 

 óÿº«,( ¹ÿº´ùą ā¹v¹wăć wù¿jĈăwòÊĉ ÈăÿÂ~ üĉv ½¹ ā¹wæ¤Åv ¹½Āù 

Table 1. The range of laboratory data used in this study 
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Present 

research 

Free 0.065-0.154 0.011-0.081 0.056-0.32 0.13-0.57 - 0.02-0.07 0.6 

Submerged 0.065-0.154 0.002-0.065 0.055-0.29 0.15-0.58 0.073-0.53 0.02-0.07 0.6 

Panda 

(1981) 
Free 0.009-0.129 0.005-0.097 0.017-0.307 0.3-0.75 - 0.01-0.1 0.6, 0.83, 1 

Tanwar 

(1984) 

Free 0.023-0.154 0.016-0.097 0.06-0.76 0. 25-0.6 - 0.02-0.1 1.0 

Submerged 0.091-0.154 0.008-0.041 0.19-0.71 0.22-0.54 0.076-0.40 0.02-0.1 1.0 

Swamee et 

al. (1993) 

Free 0.014-0.087 0.008-0.072 0.105-0.948 0.07-0.37 - 0.01-0.1 1.0 

Submerged 0.065-0.154 0.011-0.081 0.056-0.319 0.13-0.57 0.073-0.53 0.02-0.07 1.0 

Basha 

(1998) 
Free 0.006-0.015 0.001-0.004 0.099-0.973 0.05-0.15 - 0.01-0.04 0.5 
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¦´z ÿ ªĉw¤ý 

ĂLLzLL°ĉ½¹ āºLLz yĉ¾LLÑ üĊLLĊÞ£ ½ĀÚþùĆ Ĉ{ýwLL«I  ½¹

 µ¾LLúĊý ÿ ËĀLLÎ¸ù ćÁ¾LLýv ¡v¾LLĊĊâ£ ĈLLÅ½¾z ĂLLz vºLL¤zv

LL°ĉ½¹ ¹vºLL¤ùv ½¹ ĈõĀLLÕĆ ĈLLù ĂLL¤·v¹¾~ Ĉ{ýwLL«¹ĀLLÉ  ÿ

ûj ¿v Ä~ wLz xwL¸¤ýv  üĉ¾L¤ĄzLÖzv½Ć L°ĉ½¹ āºLz üĊLĊÞ£Ć 

 ĈĉĀLLÊíIĈ{ýwLL«  ôLL³ ¹¾LLîĉÿ½ ÿ¹ ĂLLÖzv½ ¾LLĊâ¤ù ûwLLĉ¾«

LLLîù ôLLL³ øĊê¤LLLÆù Çÿ½ ÿ Ĉýw ĂLLLÖzv½ ĈLLLÅ½¾z IāºLLLz 

ºLLLÉ ºLLLăvĀ· )ĂLLLùv¹v ½¹I üúLLLÑ LLLtv½vĆ  ĈĉwLLLă¹¾îĉÿ½ 

 ćv¾LLzûwLLĉ¾« Ôĉv¾LLÉ ÀĉwLLú£I  Iç¾â¤LLÆù wLLĉ ¹v¿j ¿v øLLÝv

ĂLLLz ¡đ¹wLLLÞù IāºLLLz yĉ¾LLLÑ yLLLÅwþù üĊLLLú¸£ ½ĀÚþù

ù ĈLLÉ¿v¾z¾Ċâ¤ù ¿v ā¹wæ¤LLÅv wLLz äLLö¤¸ĈLLz ćwLLă ºLLÞz

 wLĄýj ¾L§v ÷wLñ ĂLz ÷wLñ û¹¾Lí ×wL´õ ÿ äö¤¸ù ÀLĊý ĂLtv½v

)¢Åv āºÉ 

 

 جانری ۀانرژ  مخصاص در طال دریچ

 āºLLz ¡đ¹wLLÞù üĊLLĊÞ£ ½¹LL°ĉ½¹ ¿v ć½ĀLL{ÝĆ  IĈ{ýwLL«

 Ï¾LLå āºLLÉ ĂLLí Á¾LLývć ËĀLLÎ¸ù  ¹vºLL¤ùv ½¹LL°ĉ½¹Ć 

ĈĉĀLLÊí {ýwLL«Ĉ  ¢LLzw§¢LLÅvôîLLÉ ½¹ ) 0I  ćÁ¾LLýv ¾ĉ¹wLLêù

ýv ÿ vºLL¤zv ½¹ ËĀLLÎ¸ùLL°ĉ½¹ ćwLLĄ¤Ć  Ĉ{ýwLL« øLLÅ½ āºLLÉ

)¢Åv 
 

 
 ôîÉ0( °ĉ½¹ ćwĄ¤ýv ÿ vº¤zv ½¹ ËĀÎ¸ù ćÁ¾ýv ¡v¾ĊĊâ£ ĈÅ½¾zĆ ç¾â¤Æù ÿ ¹v¿j ûwĉ¾« Ôĉv¾É ½¹ Ĉ{ýw« 

Fig. 5- Comparison of specific energy upstream and downstream of side sluice gate 
 for free and submerged flow conditions 

 

 üĊLLz ËĀLLÎ¸ù ćÁ¾LLýv ½vºLLêù ãĒ¤LL·v üĊòýwLLĊù

LL°ĉ½¹ ćwLLĄ¤ýv ÿ vºLL¤zvĆ ĂLLz Ĉ{ýwLL« ¾LLzv¾z yĊ£¾£/0*+  ÿ

.*+  ç¾â¤LLLÆù ÿ ¹v¿j ûwLLLĉ¾« Ôĉv¾LLLÉ ćv¾LLLz ºLLLÍ½¹ 

zĂºLùj ¢Å¹) v¾zwLþzüĉI Á¾Lýv Ï¾Låć v¾Lz ¢Lzw§ć ö´£ôLĊ 

 ¢LÅ½¹ ûwLĉ¾«¢LÅv  ªĉwL¤ý wLz ĂLLí ÿ I¾LLòĉ¹ ¡wLêĊê´£ ¿v

ûwĊLLÅºé ¡wLLêĊê´£ ĂLLöú« $Ghodsian, 2003#I  èzwLLÖ£

)¹½v¹ 

 جانری ۀنیمرخ طالی در امت اد دریچ

 ĂLLÅ ½¹ ĈöLLÍv ówLLýwí ½¹ xj ²ÖLLÅ µ¾LLúĊý ¹vºLL¤ùv

ìLLLĉ¹Àý ĂLLL°ĉ½¹ówLLLýwí ćÀLLLí¾ù ½ĀLLL´ù II  ½ĀLLL´ù ÿ 

 ¡v¿vĀLLù ĂLLz ĈĉwLLĄ¤ývĂLL°ĉ½¹  Ĉ{ýwLL«ā¿vºLLývć¾LLĊñ  )ºLLÉ 

 ĂLLîþĉv ĂLLz ĂLL«Ā£ wLLzówLLýwí ćÀLLí¾ù ½ĀLL´ù  ¾Ċ§mLL£ ¢LL´£ 

LLL{õĆ ½vĀLLLĉ¹ ÿ ĂLLL°ĉ½¹ą  ówLLLýwí ¹ĀLLL{ý ÿûwLLLÅĀý  ĈLLLúí 

¢LLLÉv¹I ĂLLLzā¿vºLLLýv ½ĀLLL´ù ûvĀþÝLLL°ĉ½¹ ½¹ ć¾LLLĊñĆ  

 xwLL¸¤ýv Ĉ{ýwLL« )ºLLÉ ×wLL´õ ¡w{LLÅw´ù ½¹ ÿûwLLÅĀý wLLă ÿ

LL{õ ½ĀLLL´ù ½¹ xj ²ÖLLLÅ ¡v¾LLĊĊâ£Ć ĂLLL°ĉ½¹ ºĉºLLLÉ ¾£ 

 ¿v ĂöLLLÍwå ÈĉvÀLLLåv wLLLz ÿĂLLL°ĉ½¹I  ²ÖLLLÅ ¡v¾LLLĊĊâ£ ¿v 

 Ă¤LLLÅwí xjĈù ºLLLÉ ćwLLLþ´ýv xj ²ÖLLLÅ ôLLLĊåÿ¾~ ÿ

øĉĒù vºLLĊ~ ć¾LL£Ĉù¹¾LLí ) ćv¾LLz¹ºLLÝ ôLL³ć åÿ¾~ôLLĊ 

xj ²ÖLLÅI wLL£Āí ðLLýv½ Çÿ½ ¿v ā¹wæ¤LLÅv wLLzć LL{£¾ùĂ 
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 ÷½wLLLĄ¯ÿ ÷¾ý yLLLö¤ù ½vÀLLLåvā¹wæ¤LLLÅv  )ºLLLÉLLLÆĉwêùĆ  

µ¾LLúĊýćwLLă Ăz ¾LLĊÚý µ¾LLúĊý ÿ ĈăwòLLÊĉwù¿j āºLLùj ¢LLÅ¹

ôîLLÉ ½¹ ć¹ºLLÝ ôLL³ ¿v 1 I ûwLLÊý ¹v¹ ĈzĀLL· èzwLLÖ£ ĂLLí

ÿ ĈăwòLLLÊĉwù¿j ªĉwLLL¤ý üĊLLLz  ¹ĀLLL«ÿ ć¹ºLLLÝ ôLLL³ 

ĂLLLz ć¹ºLLLÝ ôLLL³ ÿ ¹½v¹xj ²ÖLLLÅ µ¾LLLúĊý ĈzĀ·  v½

)¢Åv ā¹¿ üĊú¸£ 
 

 
 ôîÉ1( ÆĉwêùĆ µ¾úĊýµ¾úĊý ÿ ówýwí ćÀí¾ù ½Ā´ù ½¹ āºÉ ¢Év¹¾z ćwăć¹ºÝ ô³ ¿v ôÍw³ ćwă 

Fig. 6- Comparison of experimental and numerical water surface profile along the side sluice gate 

 

 جانری ۀب ع دریچرابطه تعیین 

L°ĉ½¹ āºz yĉ¾ÑĆ  Ĉ{ýwL«ć½v¼Lòĉw« wLz  ¢Lõw³ ĂLÅ

v½v äLLö¤¸ùLLt ćv¾LLz āºLLÉ ĂāºLLz üĊLLĊÞ£ LL°ĉ½¹ ¿v ć½ĀLL{ÝĆ 

ĈĉĀLLÊí $ĂLLÖzv½ ćwLLă1 I2  ÿ3#  ½¹ ĂLLÖzv½ ¾LLĊâ¤ù ûwLLĉ¾«

 üĊLLĊÞ£ āºLLz ÈăwLLí wLLz ĈýwLLîù ºLLÉ ĂLLí wLLĄýj ªĉwLL¤ý ½¹

 ôîLLLÉ2 ¢LLLÅv āºLLLÉ ĂLLLÆĉwêù ) üLLLĉvôîLLLÉ ûwLLLÊý 

ĈLLùĂLLí ºLLă¹ LLÖzv½Ć ĈùvĀLLÅ ûv½wLLîúă ÿ (Swamee et 

al., 1993)  ½¹ v½ āºLLLz yĉ¾LLLÑ ÿ ¹v¿j ûwLLLĉ¾« Ôĉv¾LLLÉ

¾Lz øí ç¾â¤ÆùĈLù ¹½ÿjºLþí ¿v ôLÍw³ āºLz yĉ¾LÑ wLùv I

LLÖzv½Ć  ôLLĊñ(Gill, 1987)  ôLL³ wLLz ĈõĀLL{é ôLLzwé èzwLLÖ£

 ĂLLÖzv½ ĈýwLLîù ¾LLĊâ¤ù ćv¾LLz ĂLLÖzv½ āºLLz üĊLLĊÞ£ ôLLùwí

 ĂLLÖzv½$1 # ÿ ¹½v¹ĂLLz ûj ćwLLÖ· ÔLLÅĀ¤ù ½vºLLêù yĊ£¾£

 ¾LLzv¾z+4*+  ÿ+2*+  ÿ ¹v¿j ûwLLĉ¾« Ôĉv¾LLÉ ćv¾LLz ºLLÍ½¹

 ç¾â¤Æù¢Åv ) 

üĉv¾zwLLþzI LLÖzv½Ć  ôLLĊñ(Gill, 1987)  ĂLLz ĂLL«Ā£ wLLz

 Ĉñ¹wLLÅûj ćđwLLz ¢LLé¹ ÿĂLLz ILLÖzv½ ûvĀþÝĆ  āºLLz üĊLLĊÞ£

óĀLLÕ ºLL³vÿ ½¹ ĂLL°ĉ½¹ Ĉ{ýwLL« ćwLLăā¹wæ¤LLÅv ôLLzwé 

)¢Åv 
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 ôîÉ2( ÆĉwêùĆ  ô³ ¿v ôÍw³ āºz yĉ¾Ñ ĂÖzv½°ĉ½¹ óĀÕ º³vÿ ½¹ āºz üĊĊÞ£ äö¤¸ù Ôzvÿ½ ÃwÅv ¾z Ĉýwîù ¾Ċâ¤ùĆ Ĉ{ýw« 

Fig. 7- Comparison of the discharge coefficient obtained by from the solution of the spatially varied flow equation 
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Fig. 8- Comparison of discharge coefficients derived from the spatially varied flow equation and direct solution of the 

discharge equation in free and submerged flow conditions 
 

 ôîLLÉ ĂLLz ĂLL«Ā£ wLLz3¿v ôLLÍw³ āºLLz yĉ¾LLÑ I  Çÿ½

øĊê¤LLÆù  ôLL³ ĂLLÖzv½IāºLLz  ôLL³ wLLz ĈõĀLL{é ôLLzwé èzwLLÖ£

 ĂLLÖzv½ĈýwLLîù ¾LLĊâ¤ù  ćwLLÖ· ÔLLÅĀ¤ù ½vºLLêù ÿ ¹½v¹

 Ĉ{LLÆýĂLLz ûj ¾LLzv¾z yĊ£¾£00*+  ÿ//*+  ćv¾LLz ºLLÍ½¹

 ç¾â¤LLÆù ÿ ¹v¿j ûwLLĉ¾« Ôĉv¾LLÉwLLÖ· øúĉÀíwLLù ÿûj ć 

2*,  ºÍ½¹¢Åv) 

0.55

0.57

0.59

0.61

0.63

0.65

0.55 0.57 0.59 0.61 0.63 0.65

 ع
ه ب
دل
عا
ل م
 ح
یم
تم
س
  م
رد
یک
رو

D
ir

e
c
t 

so
lu

ti
o

n
 o

f 
th

e
 d

is
ch

a
r
g

e
 e

q
u

a
ti

o
n

 

رویکرد حل معادله متغیر مکانی

Solution of the spatial varied flow equation

Free Flow

+2 %

-1 %

+1 %

-2 %

0.15

0.25

0.35

0.45

0.55

0.65

0.15 0.25 0.35 0.45 0.55 0.65

 ع
ه ب
دل
عا
ل م
 ح
یم
تم
س
  م
رد
یک
رو

D
ir

e
c
t 

so
lu

ti
o

n
 o

f 
th

e
 d

is
ch

a
r
g

e
 e

q
u

a
ti

o
n

 

رویکرد حل معادله متغیر مکانی

Solution of the spatial varied flow equation

Submerged Flow

+1.5 %

-1.5 %

                ¡wêĊê´£ā¿wÅ ĈÅºþĄùĈÊîă¿ ÿ ć½wĊzj ćwă* ºö«-+*  ā½wúÉ22*  ûw¤Æù¿,.43* Ë.3(,2 

 

 



29 

 

üĉv¾zwLLþzI ĂLLzLL°ĉ½¹ āºLLz üĊLLĊÞ£ ½ĀÚþùĆ  IĈ{ýwLL«

ĈLLù ôLL³ Çÿ½ ¿v ûvĀLL£ øĊê¤LLÆù ĂLLÖzv½ ÃwLLÅv ¾LLz āºLLz

LL°ĉ½¹ ćvºLL¤zv èLLúÝĆ LL«Ā£ wLLz Ĉ{ýwLL«Ć  ½¹ ¢õĀĄLLÅ ĂLLz

 ÿ āºLLLz üĊLLLĊÞ£¿v ÀLLLĊă¾~ ā¹wæ¤LLLÅv I¹wLLLĉ¿ ¡w{LLLÅw´ù 

¹¾í) 
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Fig. 9- Definition of the criteria for recognizing free and submerged flow conditions 
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Fig. 10- Determination of the most important parameters affecting the discharge coefficient in free and submerged 

flow conditions using F-test 
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Fig. 11- Variation of Cd with y1/a and Fr1 in free flow conditions 
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Fig. 12- Variation of Cd with y1/a and y1/yt in submerged flow conditions 
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 óÿº«-( ĂÖzv½ćwă ~ć¹wĄþÊĊ Þ£üĊĊ ¾Ñyĉ ½¹ āºzĆ°ĉ {ýw«Ĉ 

Table 2. Proposed equations for determining the discharge coefficient of side sluice gate 

 شرایط جریان

Flow conditions 

 رابطه ضریب ب ع

Equations of Discharge coefficient  
MAPE RMSE Eq. 

¹v¿j 

Free 

# πȢφσυσ 4.737 0.037 (25) 

# πȢυω &ÒȢ  3.360 0.028 (26) 

# πȢυφφυ Ù Áϳ Ȣ  2.960 0.024 (27) 

# πȢυυωÙ Áϳ Ȣ  Ȣ
πȢπτ &Ò 2.808 0.022 (28) 

ç¾â¤Æù 

Submerged 
# πȢυρτÙ Ùϳ Ȣ ϳ Ȣ πȢφρφ 5.327 0.024 (29) 
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¾«ûwLĉ ù ü¤LLÆýv¹ ÿûvÀLLĊ ñºLLÉ¿wzĈ ½¹LL°ĉĆ {ýwLL«IĈ  āºLLz

òzj ówLLýwí ½¹ v½¾LLĊ Þ£üĊLLĊ ¾LLí¹) ĂLL¬Ċ¤ý ½¹I  ĂLLÖzv½-2 
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Fig. 13- Comparison of computed and observed values of discharge coefficient for free and submerged flow 

conditions 
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 óÿº«.( ĆÆĉwêù ĂÖzv½ćwă Þ£üĊĊ ¾Ñyĉ ½¹ āºzĆ°ĉ ĀÊíĈĉ {ýw«Ĉ v¾É ½¹Ôĉ ¾«ûwĉ ç¾â¤Æù ÿ ¹v¿j 

Table 3. Comparison of the equations for determining the discharge coefficient of the side sluice gate in free and 

submerged flow conditions 

شرایط 

 جریان

Flow 

conditions 

 محمق

Research 

 رابطه ضریب ب ع

Equations of Discharge coefficient 
MAPE RMSE 

¹v¿j 

Free 

Panda (1981) # πȢυχ &ÒȢ    ÆÏÒ πȢπφ &Ò πȢτπ 3.74 0.031 

Swamee et al. 

(1993) 
# πȢφρρ

Ù Áϳ ρ

Ù Áϳ ρ

Ȣ

 10.19 0.073 

Ghodsian (2003) # πȢφρρ
Ù Áϳ ρ

Ù Áϳ ρ

Ȣ

ρ πȢυυψ &ÒȢ
Ȣ

 7.28 0.051 

Azamathulla et 

al. (2013) 

#
ÔÁÎÔÁÎÓÉÎÌÏÇÙ Áϳ &Ò

χȢωυσ
ÔÁÎÓÉÎÃÏÓÓÉÎÙ Áϳ

χȢστψ

ÔÁÎÃÏÓ
&Ò

ψȢυτ&Òϳ Ù Áϳ ϳ
 

7.36 0.057 

Present research # πȢυφφυ Ù Áϳ Ȣ  2.96 0.024 

ç¾â¤Æù 

Submerged 

Swamee et al. 

(1993) 
# πȢφρρ

Ù Áϳ ρ

Ù Áϳ ρ

Ȣ

πȢςτ
ςȢυÙÙ Áϳ Ȣ Ù

Ù Ù

Ȣ

ρ  13.90 0.056 

Ghodsian (2003) 
# πȢφρρ

Ù Áϳ ρ

Ù Áϳ ρ

Ȣ

πȢςτ
ςȢυÙÙ Áϳ Ȣ Ù

Ù Ù

Ȣ

ρ

 ρ πȢυυψ &ÒȢ
Ȣ

 

7.03 0.030 

Present research # πȢυρτÙ Ùϳ Ȣ ϳ Ȣ πȢφρφ 5.33 0.024 

 

 

Ă¬Ċ¤ýć¾Ċñ 

 èLLĊê´£ üLLĉv ½¹āºLLz yĉ¾LLÑ ĂLL°ĉ½¹ĈĉĀLLÊí ćwLLă 

 ÜLLÖêù wLLz Ĉ{ýwLL«LLz ĈöĊÖ¤LLÆù ¹¾LLîĉÿ½ ÿ¹ ¿v ā¹wæ¤LLÅv w

 ôLL³ ĂLLÖzv½ ôLL³ øĊê¤LLÆù Çÿ½ ÿ ĈýwLLîù ¾LLĊâ¤ù ûwLLĉ¾«

 IāºLLz ĂLLõ¹wÞù ĈLLÅ½¾zºLLÉ )½ĀLLÚþù üLLĉv ćv¾LLz  ¿v ªĉwLL¤ý

,+2 ĉwLLù¿j ÈĂLLz èLLĊê´£ üLLĉv āv¾úă0-4  ÈĉwLLù¿j ¿v

LLêê´ùw û ¾LLòĉ¹ ā¹wæ¤LLÅvºLLÉĂLLÞõwÖù üLLĉv ½¹ )I  ½ĀLL´ù

ówLLýwí ćÀLLí¾ù ĈöLLÍv ĂLLzā¿vºLLýv ½ĀLL´ù ûvĀþÝ ½¹ ć¾Ċñ

ĂLL°ĉ½¹ćwLLă ĈĉĀLLÊí  )ºLLÉ ĈLLå¾Þù Ĉ{ýwLL« ćv¾LLz ôLL³

LL{£¾ù ćwLL£Āí ðLLýv½ Çÿ½ ¿v xj ²ÖLLÅ ôLLĊåÿ¾~ ć¹ºLLÝĂ 

 ÷½wLLLĄ¯ÿ ÷¾ý yLLLö¤ù ½vÀLLLåv ā¹wæ¤LLLÅvºLLLÉ. LLLÆĉwêùĆ  

µ¾úĊýĉwù¿j ćwLăĂz µ¾LúĊý ÿ ĈăwòLÊ ¿v āºLùj ¢LÅ¹ ôL³

 ĂLLÖzv½¹ĈöĊLLÆýv¾æĉ ¾« ¾LLz øíwLL³ûwLLĉ â¤ù¾LLĊ ýwLLîùĈ I

 ôLL³ ÿ ĈăwòLLÊĉwù¿j ªĉwLL¤ý üĊLLz yLLÅwþù èzwLLÖ£ ¾òýwLLĊz

¢LLÅv ć¹ºLLÝ Jüĉv¾zwLLþzI ĂLLz ć¹ºLLÝ ôLL³ ĂLLz ½¹wLLé ĈzĀ·

 )¹ĀLz ºLăvĀ· xj ²ÖLÅ µ¾LúĊý üĊú¸£ ªĉwL¤ý ĈLÅ½¾z wLz

 ôL³ ĂLÖzv½ĈýwLîù ¾LĊâ¤ù ILÖzv½Ć ñôLĊ $Gill, 1987#  wLz

LÖzv½ ĂLz ¢{LÆý ûj Ĉñ¹wLÅ Ăz Ă«Ā£Ć wí āºLz üĊLĊÞ£ ôLù

ć½¼òzj ôĊö´£ ½¹Ă°ĉćwă  ĈĉĀÊí{ýw«Ĉ £ Ă{õÀĊ ))) 
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ĂLLz Iûj ćđwLLz ¢LLé¹ ÿLLÖzv½ ûvĀþÝĆ  ºLL³vÿ ½¹ āºLLz üĊLLĊÞ£

Ă°ĉ½¹ óĀÕ Ĉå¾Þù Ĉ{ýw« ćwăºÉ)  

 ôLL³ ¹¾LLîĉÿ½ ÿ¹ ½¹ āºLLz yĉ¾LLÑ ĈLLÅ½¾z wLLz ĂLLÖzv½

 ôLL³ øĊê¤LLÆù Çÿ½ ÿ ĈýwLLîù ¾LLĊâ¤ù ûwLLĉ¾« ĂLLÖzv½ IāºLLz

ºLÉ Ì¸Êù  ôL³ øĊê¤LÆù Çÿ½ ¿v ôLÍw³ āºLz yĉ¾LÑ

 ôLL³ wLLz ĈõĀLL{é ôLLzwé èzwLLÖ£ IāºLLz ĂLLõ¹wÞù ĂLLÖzv½ ¾LLĊâ¤ù

ĈLù ÿ ¹½v¹ Ĉýwîù ôL³ øĊê¤LÆù Çÿ½ ¿v ûvĀL£ ĂLÖzv½ āºLz

LL°ĉ½¹ ćvºLL¤zv èLLúÝ ÃwLLÅv ¾LLzĆ LL«Ā£ wLLz Ĉ{ýwLL« ĂLLz Ă

 ÿ āºLLz üĊLLĊÞ£ ½¹ ¢õĀĄLLÅ¿v ÀLLĊă¾~  ¹wLLĉ¿ ¡w{LLÅw´ù

 ā¹wæ¤LLÅv¹¾LLí ) üúLLÑLLtv½vĆ ¹¾LLîĉÿ½ ÌĊ¸LLÊ£  Ôĉv¾LLÉ

 Iç¾â¤LLLÆù wLLLĉ ¹v¿j ¿v øLLLÝv ûwLLLĉ¾«ĂLLLz üĊLLLú¸£ ½ĀÚþù

 āºLLz yĉ¾LLÑĂLLÖzv½ ćwLLă ìLLĉ ¢LL´£ äLLö¤¸ù ĈLLÉ¿v¾z

yLLÅwþù ÿ ĂLLtv½v ÷wLLñ ĂLLz ÷wLLñ ºLLþĉv¾å ćv¾LLz ĂLLÖzv½ üĉ¾LL£

 Ì¸LLÊù )ºLLÉ üĊLLĊÞ£ āºLLz yĉ¾LLÑ üĊLLú¸£ºLLÉ  yĉ¾LLÑ

 āºLLzLL°ĉ½¹Ć ĈĉĀLLÊí  Ĉ{ýwLL«v¾LLÉ ½¹Ôĉ ¾«ûwLLĉ ¿jv ¹ ĂLLz

 ÿ Ĉ{ýwLL« ĂLL°ĉ½¹ ĈñºLLÉ¿wz ĂLLz ûwLLĉ¾« èLLúÝ ¢{LLÆý 

đwz ûwLLĉ¾« ¹ÿ¾LLå ¹ºLLÝ¢LLÅ¹ v¾LLÉ ½¹ ÿÔĉ ç¾â¤LLÆù 

 ¹½v¹ Ĉò¤LLLÆz èLLLúÝ ĂLLLz ûwLLLĉ¾« èLLLúÝ ¢{LLLÆý ĂLLLz 

 ÿ ¾LĊòzj ówLLýwí xwLĉw~ ĂLLz ¹½v¹ Ĉò¤LÆz ÀLLĊý èLLúÝ ¢{LÆý

LL°ĉ½¹ ĈñºLLÉ¿wz ĂLLz ûwLLĉ¾«Ć Ĉ{ýwLL«) LLÖzv½Ć  ć¹wĄþLLÊĊ~

 āºLLz yĉ¾LLÑ üĊLLú¸£ ç¾â¤LLÆù ÿ ¹v¿j ûwLLĉ¾« Ôĉv¾LLÉ ½¹

ĂLLz ćwLLÖ· ÔLLÅĀ¤ù ćv½v¹ yĊ£¾£41*-  ÿ..*0  ºLLÍ½¹

 ÿ ¢ÅvûwÊýºLþă¹ą LÖzv½ óĀL{é ôLzwé ¢Lé¹Ć ~ć¹wĄþLÊĊ 

ê´£èLLĊ LLú¸£ ½¹ ¾LLÑw³üĊ ¾LLÑyĉ ½¹ āºLLzĂLL°ĉćwLLă 

ĀLLLÊíĈĉ {ýwLLL«Ĉ ½¹ v¾LLLÉÔĉ ¾«ûwLLLĉ  ç¾â¤LLLÆù ÿ ¹v¿j

¢Åv) 
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Extended Abstract  

  

Introduction  

A side sluice gate is an underflow and metering diversion device set into the side of a channel with the 

purpose of allowing part of the liquid to spill through the side. Review of the literature shows that in spite 

of the importance of the side sluice gate, little attention has been given to studying the behaviour of flow 

through this device. The available published works on side sluice gates found are those of Panda (1981), 

Swamee et al. (1993) and Ghodsian (2003). They related the discharge coefficient of the side sluice gate to 

depth of flow and gate opening. For this purpose, the side sluice gates, since flow control devices, are 

widely used in the irrigation channels to divert flow from a main channel to a secondary channel. The main 

purpose of present study was to determine the water surface profile, gate opening, and flow discharge 

through the sharp-crested rectangular side sluice gates in a subcritical flow regime in free and submerged 

flow conditions. This study also provides some approaches to differentiate the free or submerged flow 

conditions. For this purpose, two approaches of solving spatially varied flow equation in a sub-critical flow 

regime and the direct solution of the discharge equation of the side sluice gates in determining the flow 

characteristics of the side sluice gates was experimentally investigated.   

 

Methodology 

The first approach (Solving the Spatially Varied Flow Equation) 

The general differential equation of spatially varied flow along a side sluice gate with decreasing discharge 

is: 

(1) 
Ὠώ

Ὠὼ
 
  ςὉ ώ

ὄ Ὣ σώ ςὉ

Ὠὗ

Ὠὼ
 

To determine the variation of flow discharge during the side sluice gate, the functional relationship for 

discharge equation must be defined. The velocity at each height V of the gate opening section is obtained as 

follows: 

(2) ὠ ςὫ Ὄ ὣ 

Considering the discharge dQ passing through an elementary strip of length dx along the side sluice gate 

(Fig. 2c), the discharge per unit length of the side sluice gate is given by: 

(3) Ὠὗ

Ὠὼ

ς

σ
ὅ  ςὫ ώ ώ ὥ  

Irrigation and Drainage Structures Engineering Research/Vol.20/No.77/ Winter 2020/P: 17-38 



37 

 

Swamee et al. (1993) and Gill (1987) considered the following relationships for determining the flow 

discharge per unit length of side sluice gates, which is the simplified version of Eq. 3. 

(4) (Swamee et al. (1993) )               
Ὠὗ

Ὠὼ
ὅ ὥ ςὫ ώ  

(5) (Gill (1987) ) 
Ὠὗ

Ὠὼ
ὅ ὥ ςὫ ώ

ὥ

ς
  

By inserting the Eqs. 3, 4, and 5 in Eq. 1, the governing differential equations were obtained in these types 

of flows in different conditions. 

 

The second approach (direct solution of the side sluice gate discharge equation) 

In this approach, assuming that the flow discharge variation along the sluice gate is constant and equal to 

the upstream water depth y1, the equations for determining the flow discharge through the side sluice gate 

(Eq.. 3, 4, and 5) are re-written as follows: 

(6)  (Present Research) 1
ς

σ
# Â ςὫ ώ ώ ὥ  

(7) (Swamee et al. (1993) ) ὗ ὅ ὥ ὦ ςὫ ώ  

(8) (Gill (1987) ) ὗ ὅ ὥ ὦ ςὫ ώ
ὥ

ς
  

 

Experimental Setup 

The experiments of the present study were carried out on a physical model with a width of 1.5 m, a length 

of 17 m, and the depth of 0.8 m. In order to intake water, a branch channel with a width of 0.6 m and a 

length of 2.5 m in a distance of 8 m from the beginning of the main channel was used. In this study, the 

experiments were performed for a sluice gate with three different openings of 2, 4, and 7 cm with the width 

of 60 cm in two free and submerged flow conditions. 

 

Results and Discussion  

In order to determine the discharge coefficient of the side sluice gate, the first step was to study the 

variations of the specific energy and water surface profile along the side sluice gate. Then, by choosing the 

best relationship for determining the flow discharge of the side sluice gate, the two approaches of solving 

the equation of the spatially varied flow and direct solution of the side sluice gate discharge equation were 

examined. . Further, some approaches are presented to differentiate the free or submerged flow conditions, 

some fitting equations are given in order to estimate the discharge coefficient using various non-

dimensional variables and step-by-step consideration of their effect) 

 

Conclusions 

In this study, the central axis of the main channel was introduced as a measuring axis in side sluice gates. 

Comparison of experimental profiles and those obtained from the solution of the differential equation 

governing the spatially varied flow indicates the proper agreement between experimental results and 

numerical solutions. In addition, by examining the results of solving the spatially varied flow equation, Gill 

(1987) ’s equation was selected as the best equation for determining the flow discharge through side sluice 

gates, due to the simplicity and high precision. By examining the discharge coefficient in two mentioned 
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approaches, it was found that the discharge coefficient obtained from the direct solution of the discharge 

equation is well consistent with the solution of the spatially varied flow equation.  Next, some approaches 

are presented to differentiate the free or submerged flow conditions. It was found that the discharge 

coefficient of the side sluice gate in the free flow conditions depends on the ratio of the flow depth to the 

side sluice gate opening and upstream Froude number, and in submerged flow conditions depends on ratio 

of the flow depth to the tail-water depth at branch channel and the ratio of the flow depth to the side sluice 

gate opening. 
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