G.U. Fen Bilimleri Dergisi
17(2): 91-104 (2004)

ISSN 1303-9709

G.U. Journal of Science
17(2):91-104 (2004)

INCREASING JET LENGTH AT LOW DISCHARGE FOR THE SKI-JUMP

SPILLWAY OF KEBAN DAM

Selami MERDIN*

e-mail:merdin@metu.edu.tr

Basri ERTAS

ODTU, Miihendislik Fakiiltesi, Insaat Miihendisligi Boliimii, Ankara, TURKIYE

I'nyaat Miihendisligi Boliimii, Miihendislik Fakiiltesi, KT U, Trabzon, TURKIYE

ABSTRACT

The most important disadvantage of the ski-jump spillways is the scouring at the
downstream of the spillway where the flow hits the ground. For this reason, it is
important that the flow is thrown from the end of the spillway to a safe distance.

In this study, a spillway model was designed to provide a safe distance at low
discharges. In order to examine the efficiency of the new model, firstly, a basic
ski-jump spillway model with 22° toe angle was constructed. On this model,
several experiments with various discharges were performed. All experiments of
the first model were repeated on the newly designed model. The efficiency of the
new model was examined by comparing the results of the experiments of the two
models.
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BOYUNUN ARTIRILMASI

OZET

Dolusavagimm mansab bolgesinde, akisin yere garptigi bolgede, olusan biiyilik
oyulmalar, serbest jet sigratmali dolusavaklarinin en 6nemli dezavantajidir. Bu
nedenle, akisin barajdan ve dolusavaktan emniyetli bir uzakliga firlatilmas: ¢ok
onemlidir.

Yapilan bu ¢alismada, daha diisiik desarjlarda da akis1 jet olarak daha emniyetli bir
uzakliga firlatabilecek bir dolusavak modeli projelendirildi. Projelendirilen bu
modelin diisiik desarjlarda akisi jet olarak firlatabilme verimliliginin
incelenebilmesi i¢in, ilk énce 22° cikis acili normal jet sigratma uglu dolusavak
modeli projelendirilerek ingaa edildi. Bu model iizerinde degisik desarjlarda
deneyler yapildi. Birinci model iizerinde yapilan deneyler yeni model iizerinde
tekrarlandi. Her iki modelden elde edilen deneylerin sonuglari karsilastirilarak
geligtirilen modelin diisiik desarjlarda akigi jet olarak firlatabilme verimliligi
incelendi.

Anahtar Kelimeler: Serbest jet sigratmali dolusavaklar, Dolusavak, Jet yériingesi,
Jet Boyu

1 INTRODUCTION

JET SICRATMALI KEBAN DOLUSAVAGI ICIN DUSUK DESARJLARDA JET

1. GIiRiS

Serbest jet sigratmali dolusavaklar, enerjisi kirilacak
olan akigin hiz1 15-20 m/s’den bilyiik oldugu durumlarda
tercih  edilmektedir  (1). Serbest jet sigratmali
dolusavaklarinin ¢ikis yapisi, konveks bir egrilikle insa
edilen akis sigratma yapisiyla sonlandirilirlar. Bu yapi
sayesinde dolusavak bosaltim kanali sonunda yiiksek
hizlara erisen akis, havalandirilarak yapiya zarar
vermeyecek emniyetli bir uzakliga firlatilir.

Bu tip dolusavaklar 1930 larin basindan giliniimiize
kadar, birgok barajda basariyla kullanilmistir. Bununla

Ski-jump spillways are preferred in conditions when the
speed of the flow ,whose energy will be broken ,is higher
than 15-20 m/s (1).The structure of the exit of the ski-jump
spillways ends with a flow-jump (akis sigratma) structure
which is constructed with a convex slope .By the help of
this structure ,the flow ,which reaches a great speed at the
end of the spillway excretion canal ,is sprayed to a secure
distance which does not damage the structure.

These kinds of spillways have been used successfully in
many dams since 1930. Besides this, the criteria of the
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birlikte proje kriterleri kesin olarak ortaya konabilmis
degildir. (2) ve (3) farkli prototipler iizerindeki jet akisi
gozlemlerini sunmuslardir. (4)’iin sigratma uclariin
geligtirme caligmalart USBR (United States Bureau of
Reclamantion) tarafindan tamamlandi (5). Dolusavak
sigratma ucuna yerlestirilen, akis yoniindeki, disey
deflektorlerin(saptirict) jet akisi lizerindeki etkileri Goang
ve Zhenlin tarafindan incelendi (6,7). Bu arastirmacilar
dolusavak sigratma ucu cikigina yerlestirilen diisey
deflektorler ile jet akigina hava karigiminin arttigini
gozlemlemislerdir. Jet akigindaki hava konsantrasyonunun
artigl, jet akisinin atmosferle arasindaki siirtiinmeyi
arttirmaktadir. Bu nedenle jet akiginin havadaki yoriingesi
strasindaki enerji kaybida artmaktadir.

Serbest jet sigratmali dolusavaklarin en Onemli
dezavantajlari, diigiikk desarjlarda jet sigratma ucunun
topuk noktasinin kotuna, diger bir deyisle sigratma ucu
cikis acgisina( © ) bagl olarak akisin, yapiyr emniyette
kilacak bir uzakliga firlatilamamasidir. Bu giine kadar
fazla incelenmeyen diger bir konuda, sigratma ucunda
olusan akisin bogulmasi olayidir. Sigratma ucu girigine
gelen sel rejimindeki akim, yeteri kadar enerjiye sahip
olmadig1 zaman, nehir rejimine geg¢is yapmakta ve
sigratma ucu bogulmus bir hidrolik sigramanin olustugu
bir diisii havuzu gibi ¢aligmaktadir. Bu durumda sigratma
ucu c¢ikis noktasinda serbest diisii yapan su jetinin
yoriingesi yaklasik diisey olup, sigratma yapisinin temel
bolgesine ¢arpmakta ve ciddi oyulmalara neden
olmaktadir. Bu olay genellikle diisik desarjlarin
savaklanmasi durumunda ortaya ¢ikmaktadir.

Model ¢alismalarina konu olan dolu savagin genel
durumu ve parametreleri Sekil 1°de goriilmektedir.
Burada; Hg savak kreti iizerindeki su yiikii, Hy
dolusavagin menba bolgesindeki su derinligi, Sy basaltim
kanalinin egimi, 1 noktast sigratma ucu girisi olup jet
yoriingesinin baslangi¢ noktasidir, 2 noktast donim
noktasi, 4 noktast sigratma ucu ¢ikis noktast olup sigratma
egrisinin sonlandig1 noktadir, 0 sigratma acisi, D¢ Cikis
noktast ile doniim noktas1 arasindaki diisey uzaklik, L;
sigratma ucu ¢ikis noktasi ile su jetinin yere ¢arptigi nokta
arasindaki yatay uzakliktir. Siirekli ¢izgi ile sigratma
ucunda bogulmus bir akis, kesik ¢izgi ile serbest
firlatilmus su jeti gosterilmektedir
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project have not yet been put forth. (2) and (3) declared
their observations about jet flow on different prototypes.
Studies of (4) improving the “sigratma ucu’’ of the
perpendicular deflectors (5), which are planted at the end
of the ski-jump spillway on jet flow, were examined by
Goang and Zhenlin (6,7). These researchers observed that,
with the perpendicular deflectors that are planted on the
exit of the ski-jump spillways, much more air mixed with
the jet flow. The increase of air concentration in the jet
flow raises the friction between the jet flow and the
atmosphere. That’s why during the orbiting of the jet flow
in the air, the loss of energy increases.

One of the most important disadvantages of the free ski-
jump spillways is that the flow cannot be sprayed to a
distance which renders the structure secure. And it
depends on the level of the sigratma ucu at low discharge,
in other words it depends on the angle of the “’sigratma
ucu’’ .An other issue which has not been studied in detail
so far is the suffocation (bogulma) of the flow that is
formed at the “’sigratma ucu’’. When the flow in flood
regime which comes to the ’sigratma ucu’, has not enough
energy it transfers into the river regime and the sigratma
ucu functions as a spillway apron in which a suffocated
hidrolic splash is formed. So the water jet orbit which
makes free pressure head(serbest diisii) at the exit of
sigratma ucu ,is perpendicular and it causes serious
cavities. This incident usually takes place when lower
discharges are spilled.

The general condition and parameters of the spillway, in
which model studies are interested, are displayed in Figure
1. Here ,Hs symbolizes the water load on spillway crest;
Hn water depth in the “’menba’’ part; S o, the slope of the
excretion canal; point 1 is the gate of the sigratma ucu and
it is the beginning of the jet orbit; point 2 is the turning
point; point 4 is the exit of the sigratma ucu and it is the
point where sigratma egrisi ends;Q is the splash angle ;Dc
is the perpendicular distance between the exit point and
the turning point ;Lj is the horizontal distance between the
exit point of the sigratma ucu and the point where the
water jet crashes into the ground. The continuous line
shows a flow that’s suffocated at the sigratma ucu and the
discontinuous line symbolizes the freely-sprayed water jet.

T e e e e e e e e e e e

Figure 1. The general condition and parameters of the spillway

Sekil.1 Serbest jet sigratmali dolusavaginda akis bogulmasi ve parametreleri

2. METOT

Genel olarak, akisin daha uzaga firlatilabilmesi igin,
sigratma ucunun ¢ikis noktasinin kotu yiikseltilmektedir.

2. METHOD

Generally, in order to spray the flow to a farther
distance ,the level of the exit point of the sigratma ucu
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Diger bir deyisle, sigratma agis1 artirilmaktadir. Ornegin,
sigratma ucu ¢ikig noktast kotu, 3 noktasindan 4 noktasina
yiikseltilmektedir (Sekil 1). Yapilan deneyler, maksimum
jet boyunun, sigratma agisinin 30° ~ 35° arasinda olmast
durumunda elde edildigini gostermektedir (8). Akis,
sigratma acisinin bu degerleri igin, bilyiik desarjlarda
emniyetli bir uzakliga firlatilabilmekte, fakat ayni
zamanda, sigratma ucunda olusan bogulma olayinin
gerceklesmemesi icin gerekli olan en kiigiik desarj degeri
artmaktadir. Bu nedenle, sigratma ucunun disiik
desarjlarda diisii havuzu gibi ¢alisma ozelligi arttig1 i¢in,
sigratma ucu temel bdlgesinde olusan oyulmalarda
artmaktadir. Bir dolusavagmm Omriiniin biiyiik  bir
bolimiinde diisiik desarjlarda ¢alistigr diisiiniilecek olursa,
bu problemin olduk¢a ciddi sonuglar doguracagi
kaginilmazdir. Dolusavagin sigratma ucundaki bogulma
problemi, sigratma ucu topuk noktasinin yatay olarak
sonlandirtlmasiyla ¢oziilebilmektedir. Yani, sigratma ucu
¢ikig noktasi, 2 noktasinda sonlandirilmaktadir (Sekil 1.).
Fakat bu durumda, biiyiik desajlarda su jetinin yapiya
zarar vermeyecek bir uzakliga firlatilamamasi problemi
giindeme gelmektedir. Ozellikle feyezan zamanlarinda
tehlikeli bir durum ortaya ¢ikarmaktadir.

Bu ¢alismada, daha 6nce bahsedilen irdelemelerin 15181
altinda; diigiik desarjlardaki akisin jet olarak firlatilmasini
saglayarak, jet boylarinda artis saglayacak, yeni bir model
dizayn edildi (Sekil 2.b) (9). Gelistirilen bu modelin,
normal jet sicratmali dolusavaklarla karsilagtirabilmesi ve
bahsedilen problemlerin  ¢6ziimiinde iyilestirmenin
saglanip saglanamadigini kontrol etmek amaciyla, 1/60
Olgeginde normal sigratma uglu bir dolusavak modeli
projelendirildi  (Sekil.2.a) (9). Bu modellerin proje
kriterleri, Keban baraji dolusavagi proje kriterleri esas
alinarak belirlendi.

Modellerin projelendirilmesinde, yergekimi
kuvvetlerinin etkin oldugu olaylarda gegerli olan, Froude
ve geometrik benzerlik esaslar1 kullanildi (10). Modellerin
ingaasinda PVC malzeme kullanilarak, diisiik desarjladaki
piiriizliiliik benzesimi saglanmaya calisildi (11). Normal
jet sigratma uglu dolusavak modeli ile gelistirilen modelin
sonuglarinin  karsilastirilabilmesi igin, ikinci model, ilk
modelin karakteristik 6zellikleri korunarak projelendirildi.
Her iki model iizerinde ayn sartlar altinda ve ayni desarj
degerleri igin, Q=14m’*/sn’ ile Q=2258m’/s arasindaki
degisik desarj degerlerinde yirmi altigar deney yapildi.
Yiizey gerilmelerini elimine edebilmek ig¢in modeldeki
Reynold  degerinin  ~10000 den biiyiik olmast
gerektiginden (11) desarj degerinin 61,9m%s den biiyiik
olan deney sonuglar1 incelendi. Her iki model tizerinde
yapilan deneyler, karsilagtirmanin kolay olmast i¢in ayni
savak yiikii degerlerinde tekrarlandi. Yapilan her bir
deneyde, jet boylari, sigratma ucu girisindeki hizlar (V,)
ve su derinlikleri (y,) belirlendi. Son olarak, her iki model
iizerinde yapilan deney sonuglari karsilastirilarak, yeni
olarak dizayn edilen modelin, ¢ok diigiik desarjlardaki
akismn  jet olarak  firlatilmasinin  saglanmasindaki
(Bogulma olayindan gergeklestigi en biiyiik desarj
degerinin azaltilmasindaki), ve diisiik desarjlardaki jet
boylarimin artirilmasindaki verimliligi arastirildi.

should be increased .For instance, the level of exit point of
the sigratma ucu is raised from point 3 to point 4
(Figurel). Experiments indicate that maximum jet length
is attained when the splash angle is between 30°-35°
(8).When the splash angle is between 30°-35°y,the flow
can be sprayed to a secure distance at great discharge ,but
at the same time ,the lowest discharge value, which is
necessary for the suffocation at sigratma ucu, increases
.Therefore ,since the sigratma ucu’s quality of functioning
as a spillway apron at low discharge increases,the cavities
in the main part of the sigratma ucu also increases .When
we consider the fact that a spillway works at low discharge
during most of its life ,it is inevitable that this problem will
lead to serious consequences The spillway’s problem of
suffocation at the sigratma ucu can be solved by ending the
bottom of the sigratma ucu in a horizontal position. In
other words the ,sigratma ucu exit point ends at point 2
(Figure 1).But under these circumstances ,the problem of
inability to spray the water jet to a secure distance at high
discharge ,appears. It might be dangerous especially at
“feyezan’’ times.

In this study under the light of afore-mentioned issues, a
new model was designed (Figure 2.b).This model will
cause an increase in jet lengths by spraying the flow at a
proper rate at low discharge. With the aim of checking
whether this model can be compared with normal ski-jump
spillways and whether there is a progress in the solution of
the afore-mentioned problems, a spillway model with a
normal sigratma ucu with a scale of 1/60 was projected.

In projecting the models, Froude and geometrical
similarities principles, which are valid in incidents where
gravity is affective, were used (10). In the construction of
the models, PVC power equipment were used, and
ruggedness  similarity(plirlizlillik benzesimi) at low
discharge was supplied (11).In order to compare the
results of the newly developed model and the spillway
model with normal sigratma ucu ,the second model was
projected by protecting the characteristic features of the
first model .On both of the models ,under same conditions,
and for the same discharge values ,at various discharge
values between Q=14 m*/sn and Q=2258 m?/s,twenty six
experiments were carried out. Because the Reynold
value in the model should be higher than ~1000 so as to
eliminate the tautness of the surface (11), the results of the
experiments in which the discharge value was higher than
61.9 m®/s, were examined. Experiments, conducted on
both of the models were repeated in the spillway load
value( savak yiikii degeri) in order to facilitate the
comparison .In each experiment ,jet lengths, speed in
sicratma ucu gate(Vg) and water depth (Vg) were
determined. Finally, the results of the experiments that are
carried out on both of the models were compared and the
effectiveness of the new model in spraying the flow at low
discharges at a proper rate and in raising the jet lengths at
low discharges was investigated.
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Figure 2. The plan and the cross section appearance of model projects.

Sekil. 2 Modellerin projelerinin plan ve kesit goriiniisleri

Bu makaledeki tiim deney verileri ve sonuglari, deney
sonuglarinin daha iyi yorumlanabilmesi igin, model
degerleri prototip degerlerine cevrilerek verildi. Veri ve
sonuglarin prototip degerlerine c¢evrilmesinde, daha &nce
bahsedilen Froude ve Geometrik benzesim esaslari
kullanildi.

2.1. Teorik Esaslar

Insaa edilen modellerde piiriizliilik benzesimini
saglamak i¢in her iki modelde timiyle Sekil 3’de
goriildiigii gibi PVC malzemeden insaa edilmistir.

Gelistirilen modeldeki esas amag, jet sigratma ucunun
diisii havuzu olarak caligma &zelligini azaltmak, yani ¢ok
diisik desarjlar bile, akisin sigratma ucu iizerinde
bogulmadan su jeti olarak firlatimin1 saglamak, ve bu
sayede akigin yapmnin temel bolgesine dokiilmesini
onlemektir. Sigratma ucunun diisii havuzu olarak ¢aligma
Ozelligini azaltmanin asagidaki uygulamalarin bir veya
birkacinin saglanmasiyla miimkiin olacagi
disiiniilmektedir.

1. Sigratma ucunun girisindeki akigin hizinin artirilmast

2. Sigratma ucu girisindeki akigin derinliginin artirilmast

Bu paremetrelerin etkisini su sekilde agiklamak
mimkiin olmaktadir. Sekil.1.'de sigratma ucunda akisin
bogulmus durumu goriilmektedir. Diger bir deyisle
sigratma ucu enerji kirict havuz gibi ¢aligmaktadir.
Sigratma ucu ilizerinde olusan hidrolik sigramada akisin
momentumu korunmaktadir. Sigratma ucu lizerindeki su
kiitlesinin Gtelenebilmesi ic¢in sigratma ucu girisindeki
akisin momentumunun artirilmast gerektigi sdylenebilir.
Dikdortgen bir kesit icin serbest yiizeyli akisin

In order to interpret the results of the experiments,
mentioned in this article, model values were translated into
model values .In translation of data and results into
prototype values, the afore-mentioned Froude and
Geometrical similarity principles were used.

2.1. Theoretical Principles

In order to achieve the ruggedness similarity, both of the
models were constructed with PVC equipment as you can
see in Figure 3.

The essential aim in the new model is to decrease jet
sicratma ucu’s quality of functioning as a spillway apron
,in other words ,to spray the flow at a proper rate without
suffocation at the sigratma ucu even at low discharge ,and
then to prevent the flow from pouring into the main part of
the structure .It’s supposed that decreasing the sigrtama
ucu’s quality of functioning as a spillway apron can be
possible when one or some of the practices below are
supplied:

1. Increasing the speed of the flow at the sigratma ucu gate
2. Increasing the depth of the flow at the sigratma ucu gate

It is possible to explain the effect of these parameters: In
table 1, one can see the state of the flow, suffocated at the
sigratma ucu. In other words, the sigratma ucu functions as
a spillway apron breaking energy. The hidrolic jump on
the sigratma ucu protects the momentum of the flow. It can
be said that so as to “’6telemek’’ the mass of water on the
sigratma ucu, the momentum of the flow at the sigratma
ucu gate should be increased. For a rectangular cross
section, the momentum of a flow with a free surface can
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momentumu Es.1 ile gosterilir. Bu esitlik incelendiginde

_ Q> - \A
M,=y, A, +—=y, A, +—
gygggAg Yg g gQ

desarj degerinde degisim olmadan momentum artiminin
ancak akis derinliginin ve/veya akis hizinin artirilmasi ile
miimkiin olacag1 goriilmektedir

Ideal akiglar igin hava siirtinmesi de elimine
edildiginde, serbest jet firlattimindaki akigin ydoriingesi,
fizikte maddenin kinematigi konusunda anlatilan serbest
atis hareketi ile aym ozellikleri gostermektedir. Ideal
akigkanin siirtiinmesiz ortamda x ve y koordinatlar sirayla
2 ve 3 esitlikleri ile belirtilir. Es.2’den t (zaman) cekilip
Es.3’de yerine konulursa, serbest jet akisinin yoriingesini
ifade eden Es.4 elde edilir. Sigratma agis1 (0) 0° den 45° ye
degisirken, jet boyunun (x) arttigi goriilmektedir. En
biiyiik jet boyu ise 0=45" de elde edilmektedir. Jet
sigratma agist sabit kalmak sartiyla, jet boyunun
artirtlmast igin akis hizinin artirilmas: gerektigi Es.2 den
acikca goriilmektedir.

X = VQtCOSG

. 1
y =—V,tSin6 + Egt2

2
y= XX xtand

- 2><V(;2 x c0s20

Biitiin bu irdelemeler sonucunda, Sekil 2.b’de goriilen
serbest jet sigratmali dolusavak modeli dizayn edildi. Bu
model incelendiginde, bosaltim kanalinda tedrici bir
daraltma yapildig1 goriilmektedir. Yapilan bu daraltma ile
sicratma ucu girisindeki akig derinligi ve hizinin
artirilmasimni  saglandi. Bu diislinceler dogrultusunda,
dolusavak desarj kanalinda daraltma yapilmasiyla
olusturulan orta kanalin projelendirilmesinde asagidaki
prensipler goz oniinde bulundurulmustur.

e Bosaltim kanalinda yapilacak olan daraltmanin
baslangi¢c noktasi, dolusavagin desarj kapasitesinin
etkilenmemesi ve diizgiin bir akis yonlendirilmesinin
saglanmasi igin, savak profili bitiminden sonraki bir
kesit belirlendi.

e  Yapilan kanal daraltmanin belirlenmesinde memba
akisinin etkilenmemesi ve bosaltim kanalinda rejim
degisikliginin olusmamasi hususlar1 dikkate alindi.

e Bosaltim kanalinda yapilan daraltma sonucunda
olusan orta kanalin yan kenarinin simetri ekseni ile
boylamasma yaptigi agt (o), akim ¢izgilerinin
bozulmamasi, hidrolik sigramanin olmamasi ve sok

1
<os—

Fl‘g

dalgalarinin etkisini azaltmak igin,

F Iy

degerleri arasinda kalacak sekilde belirlendi (11).

e Bosaltim kanalmimn daraltilmasiyla elde edilen orta
kanalin maksimum desarj kapasitesi, normal jet
sigratma uclu dolu savak modelinde (Sekil 2.a),
akisin sigratma ucu lizerinde bogulmadan su jeti gibi
firladig1 andaki desarj degeri olarak belirlendi.

e Bosaltim kanalda yapilan daraltmaya sigratma ucu

be illustrated with the Eq. 1:

_ Q> - \A
M,=y, A, +—=y, A, +— 1
gygggAg ygggQ [1]

When this equation is examined, it can be realized that
without a change in discharge values, an increase in
momentum can only be possible by raising the depth and
the speed of the flow.

When air friction is eliminated for ideal flows, the orbit
of the flow in free ski-jump and the ‘free jumping
movement’, display the same characteristics .In an
atmosphere without friction, x and y coordinates of the
ideal fluid are symbolized with Eq. 2 and 3. When ‘t’
(time) is omitted from Eq. 2 and is planted into Eq. 3, Eq.4
which explains the orbit of free jet flow is achieved. As the
jump angle ( © ) changes from 0° to 45°jet length (x)
seems to rise. The highest jet length is attained at
©=45°.0n condition that the jump angle is stable; it is
clearly seen in Eq.2 that in order to increase the jet length,
the flow speed should be increased.

x =V, tCosb [2]
VS0 + gt 3]
y ¢ > g
2
y= XX xtan [4]

- 2% Vg x c0s20

As a consequence of all these detailed studies, the free
ski-jump spillway model which is shown in Figure 2.b.,
was designed. When this model is observed, it can be
realized that the excretion canal was narrowed by degrees.
This process helped the flow depth and speed at the
sicratma ucu gate to increase. In projecting the middle
canal which was formed by narrowing the spillway
discharge canal, the following principles were taken into
consideration:

e In order to prevent the spillway discharge capacity
from being affected and in order to achieve an orderly
flow direction, a cross section was determined at the
point where spillway profile ended.

e The fact that the “’'menba’ flow was not affected
when the canal was narrowed and that there was no
change in the regime in excretion canal was taken
into consideration.

e The longitudinal angle between the edge of the
middle canal and the symmetry axis was determined

1
between values < a<—— so as not to destroy

3Fr, Frg

g
flow lines, not to cause hidrolic jump and in order to
lessen the effects of shock waves (11).

e In the spillway model with a normal sicratma ucu
(Figure 2.a.),the maximum discharge capacity of the
middle canal, which is formed by narrowing the
excretion canal, was determined as the discharge
value of the moment when the flow jumps like a
water jet without suffocating at the sigratma ucu.

e The process of narrowing the excretion canal
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girisinde son verildi.

e Sigratma ucu girisindeki kesitte, orta kanal
genisliginin tim kanal genisligine oranit 1/3 olarak
belirlendi.

e Sekil 2.a da gorilen Normal jet sigratma uglu
modelin jet sigratma ucunun ¢ikis agis1 22° ve Sekil
2.b de goriilen gelistirilen modellerin, orta kanalin
sicratma ucu ¢ikis agist 22°, yan kanatlarin sigratma
uclarinin ¢ikis agilart 30° olarak secildi.

2.2.Deneyler ve Olgiimler

Deneyler, Karadeniz Teknik Universitesi, Insaat
mihendisligi ~ bolimii  Hidrolik  laboratuvarinda,
2m*1m*3m  boyutlarinda  giris  haznesi  olan,

0,6m*0,6m*15m boyutlarinda ki cam kanal iizerine insa
edilen modeller {izerinde gerceklestirilmistir (Sekil 2.a.b).
Sekil 3’de ise deney diizeneginin sembolik sematik
goriiniisii gorilmektedir.

Deneyler arasindaki koordinasyonu saglamak, hangi
desarj degerlerinde calisildigini sistematik bir gekilde
kontrol edebilmek i¢in, dizayn edilen dolusavak profilinin
desarj kapasitesi, diger bir deyisle savak desarj katsayisi
(O), belirlendi. Kapaksiz dolusavaklarin desarj kapasiteleri
Es.5 ile gosterilmektedir. Bu denklemde; L, savak
genigligini, H., savak kreti ilizerindeki effektif enerji
yikiinii gostermektedir. Effektif eneji yiikii, savak kreti
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compelled at the sigratma ucu gate.

e In the cross section of the sigratma ucu gate, the
proportion of width of the middle canal to the width
of the whole canal was designated as 1/3.

e  The angle of the sicratma ucu gate of the model with
a normal sigratma ucu which is seen in model 2.a.,
was designated as 22°,in model 2.b the sigratma ucu
of the middle canal of the new model was determined
as 22°and the sigratma ucu of the sides was
designated as 30°.

2.2 Experiments and Measurements

Experiments were carried out on models which were
constructed on a glass canal in a Hidrolic laboratory of the
Civil Engineering Department at Karadeniz Technical
University. Dimensions of the glass canal was 0,6 m,0,6 m
,15 m and it had a reservoir at the gate, dimensions being 2
m, 1 m, 3 m. In Figure 3, the symbolic and schematic
appearance of the experiment mechanism is displayed.

In order to establish coordination between the
experiments and to control systematically the discharge
values used in experiments, the discharge capacity of the
spillway profile (spillway discharge coefficient) was
designated. Equation 5 indicates the discharge capacity of
spillways without a valve .In this equation ‘L’ symbolizes
the width of the spillway and He symbolizes the effective
energy load on the spillway crest. The effective energy

iizerindeki su yikiine (Hg) bagli olarak Es.6 ile load can be determined by considering the water load on
belirlenebilir (8). the spillway crest (8).
Hazne
Savak Modeli
Yan PVC duvar >0 o oeet vy
Cam kanal \
¢0.6m \! 3m
- N Su Girisi
Kantar -
r VAR o
\ /‘////////IKJ
e 15m o Im ik

Figure 3. The laboratory mechanism where experiments were carried out.

Sekil 3. Deneylerin gergeklestirildigi labarotuvar diizenegi

Savak kreti iizerine yerlestirilen seviye 0Olgiicii ile, kret
iizerindeki Hg degeri belirlendi. Sistemden gecen desarjin
belirlenmesinde, 15m uzunlugundaki cam kanal sonunda
bulunan hazneli kantar kullanildi. Kret {izerindeki su
yiikiine karsilik, sistemden gececek olan belirlenen
miktardaki desarjin ne kadar zamanda haznede biriktigi
belirlendi. Toplam desarj miktari, dl¢lilen zaman dilimine
boliinerek, ilgili Hg degeri i¢in dolusavaktan gecen desarj
hesaplandi. Ayrica, desarj Olgiimleri, cam kanalin
10 m~12 m arasindaki bdlgede akis hizi ve alani 6l¢iimleri
yapilarak kontrol edildi. Ve bu islemler herbir Hg degeri
icin liger kez tekrarlanip aritmetik ortalamalari alindi.
0,6 m< Hg <54 m arasindaki degisik degerleri i¢in
belirlenen desarj degerlerinin aritmetik ortalamalari

Level measuring device that was placed on spillway
crest and the Hs value on the crest were determined. In
designating the discharge which is passing through the
system, a scale with a reservoir at the end of the 15 m.
glass canal, was used. How long it took the certain amount
of discharge to accumulate in the reservoir was
determined, considering the water load on the crest.
Discharge, passing through the spillway in the related Hs
value, was calculated by dividing the total discharge
amount by the measured period of time. Moreover,
discharge measurements were checked by measuring the
flow speed and area ,in the part between 10 m~12 m of the
glass canal .And all this process was repeated for three
times for each Hs value and then their arithmetic average
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alinarak savak desarj katsayisi (C) 2,41 olarak belirlendi.
Ogee profilili dolusavaklarin desarj katsayisi, SI birim
sisteminde 1,7 & 2,5 arasinda degismektedir (12).
Deneyler sirasinda, belirlenen Hg degerlerinin Es.6 ve
Es.5’de yerine konulmasiyla ilgili deney i¢in desarj degeri
belirlendi.

Q=CLH,?
H, =1.33H

Yapilan deneyler iki gurupta toplanmaktadir. Sekil 2.a
daki normal jet sigratma uclu model {izerinde yapilan
deneyler 1. gurup deneyleri, Sekil 2.b deki gelistirilen
model tizerinde yapilan deneyler 2. gurup deneyleri
olusturmaktadir. Birinci gurup deney sonuglarinin ikinci
gurup deney sonuglar ile karsilastirilabilmesi i¢in, her iki
modeldeki deneyler ayn1 Hg degerlerinde gerceklestirildi.
Her bir deneyde jet boylari, sigratma ucu girisindeki akis
hizlar1 ve derinlikleri 6lgiildii. Jet boylarmin dlgiimiinde,
Sekil.4 de gorillen cam kanalin yan duvarlarina ¢izilen
Sem*Scm lik karelerden olugan 2 m*0,6 m boyutlarindaki
karelaj kullanildi. Hiz dlgiimleri ise, 0,5 mm uglu pitot
tiipli ve piezometrik pano kullanilarak yapildi. Sigratma
ucu girigindeki hizlarin hesaplanabilmesi igin, ilk Once
akisin enerji seviyesi (h) Sekil 4’ de goriilen 0,2 mm
hassasiyetindeki piezometrik pano kullanilarak o&l¢iildi.

V =,/2gh formiilinde

yerine konularak akis hizlar1 hesaplandi.

Belirlenen enerji seviyeleri

Figure 4. The general appearance of the experiment mechanism
Sekil. 4 insa edilen deney diizeneginin genel goriiniisii

Ayrica, yapilan Olglimlerde her iki modelin akisi jet
olarak sicratmaya basladig1 andaki savak kreti tizerindeki
su yiikii ve bu su yikiine karsilik gelen desarjlar
belirlenerek, sirastyla kritik savak su yiikii (H,) ve kritik
desarj debisi (Q.) olarak tamimlandi. Ayrica deney
diizeneginde tanitilan karelaj yardimiyla, her bir Hg
degerine ait jet boylar1 Olgiiliip, jet yoriingelerinin
fotograflan cekildi. Her iki modelin belirlenen ayni savak
su yiiklerindeki jet boylar1 karsilastirtlarak, gelistirilen
modelin s6zii edilen problemin ¢6ziimiindeki performansi

was found. Arithmetic average of discharge values for
various values between 0.6m <Hs< 5.4 m, was calculated.
And spillway discharge coefficient was found as ( ¢ )
2.41.In SI unit system, discharge coefficient of spillways
with Ogee profile, changes from 1.7 to 2.5 (12). During
the experiments, discharge values were determined for the
experiment on placing the Hs values into equations 5 and
6.

Q=CLH,? 5]
H, =1.33Hg 6]

The experiments which have been carried out so far, can
be considered to be in two groups. In Figure 2.a, the
experiments that were conducted on the model with a
normal jet sigratma ucu belong to the first group and in
model 2.b experiments performed on new models belong
to the second group .In order to be able to compare the
results of the two groups, experiments on both of the
models were conducted in the same Hs values .In each
experiment jet lengths ,flow speed and depth at the
sigratma ucu gate were measured. In measuring jet
lengths,”” karelaj”” was used. This ‘karelaj” with
dimensions of 2 m-6 m was made up of

squares(dimensions being 5 cm*5 c¢cm) which were drawn
on the side walls of the glass canal in Figure 4.and the
speed was measured by using a ‘pitot’ tube with a 0.5 mm
.end and a piezometric panel of 0.2 mm sensitivity, energy
level (h) of which can be seen in Figure 4.The designated
energy levels were used in formula V=\2gh and then flow
speed was estimated.

Moreover ,after this process ,the water load on the
spillway crest at the moment when the ski-jump of the
flow started and discharges for this water load were
determined and they were respectively described as critical
spillway water load (Hscr) and critical discharge volume
.Besides these ,with the help of the ‘karelaj” which was
described in the experiment mechanism ,photos of jet
orbits and of jet lengths in each Hs value ,were taken. Jet
lengths of both of the models under the same spillway
water loads were compared and the capacity of the new
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arastirildi.

Yapilan deneylerde, jet boyunun belirlenmesinde,
sigratma ucu ¢ikig noktasindan 13 m asagida bulunan
kanal tabani esas alindi. Jet boylari, sigratma ucu ¢ikis
noktasi ile jetin ¢arpmis oldugu kanal tabanindaki nokta
arasindaki uzaklik 6lgiilerek belirlendi.

3. BULGULAR

Normal jet sigratmali birinci dolusavak modeli lizerinde
yapilan birinci gurup deney sonuglari incelenerek, daha
once tanimlanan Hy, ve Q.  karakteristik degerleri
belirlendi. Bu deney sonuglarina gore, akis, Hg degerinin
1,38m ye ulagmasiyla jet olarak firlatilmaya baglandigi
gozlemlendi. Bu savak yiikiine karsilik gelen desarj degeri
Q.=215m%/s ve bu savak yiikiinde 6lgiilen jet boyu ise
Lj=35,4m olarak belirlendi. Gelistirilen ikinci model
tizerinde yapilan ikinci gurup deney sonuglari
incelendiginde, akis, Hg=0,72m ye eristiginde jet olarak
firlatilmaya baslandig1 gozlemlendi. Bu savak yiikiine
karsilik gelen desarj degeri Q.=81,4 m’/s, jet boyu ise
Ljcr =27m olarak belirlendi.

Her 1iki modelin karakteristik desarj degerleri
karsilastirildiginda, gelistirilen model 2,65 kat daha kiigiik
desarjda iken akist jet olarak firlatip, sigratma ucu
tizerindeki akigin bogulmasini 6nlemektedir.

Ayrica, her iki modelde de akismm jet olarak
firlatilmadigr durumlardaki, ayn1 desarj degerlerindeki jet
boylart karsilagtirildi. Hg=0.6m degeri igin her iki
modelde de akis sigratma ucunda bogulmaktadir. Bu savak
yiikiine karsilik gelen desarj degeri 61,9 m’/s olarak
hesaplandi. Ancak;Sekil 4.a.b de goriilecegi lizere, birinci
modelin jet boyu 6.6 m olarak Olgiiliirken, gelistirilen
modelin bu savak yiikiindeki jet boyu 12,6 m olarak
olgiildi. Q=61,9m’/s dejarj degeri icin, gelistirilen
modelle, birinci modelin jet boyunda % 82,6 artis
saglandig1 kaydedildi

a) The first model
a) Birinci model
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model to solve the problem mentioned before ,was
examined.

In the experiments, when determining the jet length,
canal base that’s 13 m. below the exit of the sigratma ucu,
was taken into consideration .Jet length was determined by
measuring the distance between the exit point of sigratma
ucu and the point in the canal base into which jet crashes.

3. FINDINGS

The results of the experiments in group one, which are
conducted on the first spillway model with a normal ski-
jump, were examined and then Hscr and Qcr characteristic
values, which had previously been defined, were
designated. According to the results of this experiment,
when Hs value rises to 1.38 m. The discharge value of this
spillway load was designated as Qcr = 215 m*/s and jet
length under this spillway load was determined as Ljcr =
35.4 m.When the results of the second group experiments
are examined ,it is observed that the flow is sprayed at a
proper rate when Hs rises to 0.72 m. And it is found that
the discharge value of this spillway load is Qcr = 81.4 m?
and the jet length is Ljer =27 m.

When the characteristic discharge values of both of the
models are compared, it’s found that when the discharge
value of the new model is 0.65 times lower ,it sprays the
flow at a proper rate and it prevents the flow on the
sigratma ucu from suffocating.

Moreover ,in both of the models jet lengths in the same
discharge values were compared when the flow was not
sprayed at a proper rate. In both of the models the flow is
suffocated at the sigratma ucu. Discharge value of this
spillway load is calculated as 61.9 m*/s.However,as it is
observed in Figure 4.a.b,the jet length of the first model
was measured as 12.6 m under this spillway load. For
Q=61.9m%/s discharge value ,it was recorded that in jet
lengths of the first and the second models, there was an
increase of % 82.6.

b)The second model
b) ikinci model

Figure 4. Jet lengths and orbits of the models for Hs=0.6 ( Q=61.9 m*/s) value.
Sekil.4 Modellerin, Hs =0,6m (Q=61,9m/s ) degerindeki jet boylar1 ve yoriingeleri

Her iki gurup deney sonuglar1 incelendiginde,
Hg=1,32m degerine ulastigi durumda, akis, birinci model
ile jet olarak firlatilamamakta ve akis sigratma ucunda
bogulmasina karsin gelistirilen ikinci model ile jet olarak

When the results of the experiments were examined, it
was found out that for Hs=1.32 m. value ,with model 1 the
flow couldn’t be sprayed at a proper rate but with model
2,it was sprayed at a proper rate despite the suffocation of
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firlatilabilmekte oldugu goriildi. Bu Hg degerine karsilik
gelen desarj degeri Q=202 m’/s olarak hesaplandi. Bu
desarj degeri icin, birinci modeldeki jet boyu L;=12,6 m-
15 m=13,5 m Olgiilmesine karsin, ikinci modeldeki jet
boyu ise L;=48,6 m olarak dl¢iilmiistiir. Bu durum Sekil
5.a.b de agikga goriilmektedir.

a) The first model
a) Birinci model

the flow at sicratma ucu. The discharge value for this Hs
value was estimated as Q=202 m*/s.Although the jet length
in model 1 was measured as Lj=12.6-15 m~m. for this
discharge value. In the second model the jet length was
measured as Lj=48.6 m. This situation is clearly displayed
in Figure 5 a.b.

b)The second model
b) Gelistirilen model

Figure 5. Jet orbits of the models for Hs=1.32 m (Q=202 m?/s ) value

Sekil 5.

Birinci modelin akig1 jet olarak firlatabildigi dejarj
degeri i¢in, her iki modelde elde edilen jet boylari
karsilastirildi. Savak su yiikii 1,38 m eristiginde, akus,
birinci model ile jet olarak firlatilmaya baslandi. Bu savak
yiikiine karsilik gelen desarj degeri Q=215,9 m*/s olarak
hesaplandi.  Belirlenen desarj degeri igin, birinci
modeldeki jet boyu L;=354 m Oolgiilirken, ikinci
modeldeki jet boyu ise ortalama olarak Lj=52,2m o6l¢iildii.
Sekil 6.a.b de Hg=1,5 m deki Q=244,8 m’/s degeri icin her
iki modelin jet yoriingeleri goriilmektedir. Bu desarj
degeri i¢in birinci ve ikinci modelin jet boylari sirasiyla
38,4 m ve 54,6 m olarak belirlendi. Burada goriildigi
lizere, birinci model akisi jet olarak sigratmaya
baglamasindan sonra bile, gelistirilen ikinci model akist
cok daha emniyetli bir uzakliga firlatmaktadir.

a) The first model
a) Birinci model
Figure 6. Jet orbits of the models
Sekil. 6 Hs=1.5m (Qp:244.8m3/s) i¢in jet yoriingeleri
Ayrica, Hg>1,5m degerlerine karsilik gelen Q>244,8m’/s
desarj degerleri igin, akis orta kanala sigmayip, yan

Her iki modelin Hs=1,32m (Q=202m’/s) igin jet yoriingeleri

For the discharge value in which the flow was sprayed
at a proper rate ,jet lengths of both of the models were
compared. When the spillway load reached a value of
1.38, with the first model the flow started to be sprayed at
a proper rate. The discharge value for this spillway load
was estimated as Q=215.9 m*s.In the designated discharge
value jet length in the first model was measured as
Lj=35.4 m whereas in the second model it was measured
as Lj=52.2 m. In Figure 6 a.b. jet orbits of both of the
models are displayed for values Hs=1.5 m and Q=244.8
m?/s.For this discharge values, jet lengths of the first and
the second models were determined respectively as 38.4
and 54.6.In short, even after the first model starts to spray
the flow at a proper rate ,the second model sprays the flow
to a more secure distance.

b)The second model
b) Ikinci model

Moreover , at discharge values of Hs>1.5 m for
Q=244.8 m*/s,the flow does not fit into the middle canal
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bentleren akmaya baslamaktadir. Yan bentlerdeki akis,
Hg=3m, Q=692 m’/sn degerine erismesiyle yan
kanallardaki akisda yan kanal sigratma ucundan jet olarak
firlatilmaya baslandig1 gozlemlendi. Desarj degerinin
244.8 m’/sn ile 692 m*/sn arasindaki degerlerinde, yan
kanallardaki akis, yan kanallarin sigratma uclarindan
firlatilamay1p, orta kanal sigratma ucuna gecis yapmakta
ve bu bolgedeki yiiksek hizli akis tarafindan tasinmaktadir
(Sekil 7.a.b).
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and it starts to flow from side weirs. It was observed that
when Hs=3 m reaches Q=692 m?sn,the flow in the side
canals started to be sprayed at a proper rate. For discharge
values between 244.8 m3/sn and 692 m?/sn,the flow in the
side canals is not sprayed from side canal sigratma ucu but
it crosses into the middle canal sigratma ucu and it is
conveyed by the flow with high speed in this part (Figure
7 a.b.).

a)

b)
Figure 7. The flow in the second model in values Hs=2.7 m (Q=591 m?/sn)
Sekil 7. Gelistirilen modelin Hs=2.7m (Qp:591m3/sn) degerindeki akis

Table 1.

Characteristic values of the results of the experiments (*critical discharge values that were measured at the moment
when the models start spraying the flow at a proper rate)

Cizelge 1. Deney sonuglarinin karakteristik degerleri (*Modellerin akisi jet olarak sigratmaya basladig: kritik desarj debisi degerleri.)

Hs (m) Q(m’/s) Ye (m) V, (m/s) Lj(m)
0.60 6191 | 6.6
0.90 113.72 0.311 10.15 9.6
.M 1.32 202.00 0.418 13.40 13.5
. Model = =
1.38 215.95 0.437 13.73 354
1.50 244.70 0.482 14.10 38.4
1.98 371.10 0.663 15.54 50.4
0.60 61.91 0.601 8.57 12.6
0.72" 81.37° 0.632 10.71 27.0
0.90 113.72 0.764 12.39 37.8
2. Model 1.32 202.00 1.151 14.62 48.6
1.38 215.95 1.203 14.96 52.2
1.50 244.70 1.319 15.46 54.6
1.98 371.10 1.9 16.27 60.6
Sonu¢ olarak, deney sonuglarmin daha kolay As a result, in order to make a better comparison of the

karsilastirilabilmesi i¢in, her iki modelde elde edilen
deney sonuglarmin kritik olanlar1 Tablo 1. de toplandi.
Tabloda her iki modelin, savak su yiikii (Hg )ve desarj (Q)
degerleri, sigratma ucu girisindeki akis hizlan (Vy) ve
derinlikleri (yy), ve jet boylart yer almaktadir. Birinci
modelin Hs=0.6m degerinde, sigratma ucu girisi, bogulma
nedeni ile sigratma ucunda olusan havuzun etkisinde
kaldigi i¢in hiz ve derinlik dl¢iimii yapilmadi. Modellerin
akist jet olarak sicratmaya basladigi su yiikii ve desarj
degerleri < ile isaretlenmis olup, gelistirilen modelin
cok diisiik desarjlarda bile akisi jet olarak firlatabildigi

results of the experiments, critical results of the
experiments which were carried out on both of the models
were displayed in table 1.In the table there are spillway
water load (Hs) and discharge values (Q),flow speed (Vg)
and depth (Yg) at the sigratma ucu gate and jet lengths of
both of the models .As the sigratma ucu gate was affected
by the apron formed at sigratma ucu due to suffocation, at
Hs=0.6 m value of the first model ,the speed and the depth
couldn’t be measured. Water load and discharge values
which were measured at the moment when the models
start spraying the flow rapidly were marked with “’*’* and
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goriilmektedir. Tablodan anlagilacagi gibi, gelistirilen
modelle, tiim dejarj degerleri icin, sigratma ucu girisindeki
akis hizlarinda ve jet boylarinda artis oldugu saptanmistir.

4. TARTISMA

Kiiciik desarjlarda da akigin jet olarak firlatilabilmesi
icin, daha once agiklandig1 gibi sigratma ucu girisindeki
akigin hizinin artirillmasi ve sigratma ucu girigindeki akis
derinliginin artirilmas1 gerekmektedir. Her iki modelin
sigratma ucu girigindeki akis hizlar1 ile desarj debileri
arasindaki iliski Sekil 8’de verilmektedir. Bu grafikten,
gelistirilen modelde 61,91 m*/s ve 798,6 m*/sn arasindaki
desarj degerlerinde sigratma wucu girisindeki akig
hizlarinda artis  saglandigi  agikca  goriilmektedir.
Gelistirilen modelin en O6nemli 6zelligi, normal jet
sigratma uclu dolusavak modelinde, desarjin 215 m’/sn
nin altindaki degerlerinde, akis, jet sigratma ucu {izerinde
bogulmakta ve sigratma ucu bu desarj degerine kadar
enerji  kirict havuz gibi ¢alismakta. Buna karsin,
gelistirilen modelde akis, 81,4 m*/s’lik desarjlarda bile jet
olarak firlatilmakta ve 27 m’lik bir jet boyu
saptanmaktadir.  Gelistirilen modelin sigratma ucu
girisindeki akis hizimin  artis oran;, Q=244,8 m®/sn
degerinden sonra azalmaktadir. Bunun nedeni ise orta
kanal tamamen dolup, akisin yan kanatlara tagmasiyla
akisin tiim kesite yayilmasidir.

it was observed that the second model can spray the flow
very fast even at very low discharge .As it can clearly be
seen in the table, it was found out that with this new
model, at all discharge values, flow speed at the sigratma
ucu gate and jet lengths increased.

4.DISCUSSION

In order to spray the flow very fast as it was explained
before, the speed and the depth at the sigratma ucu gate
should be increased. The relation between the flow speed
and discharge volume of both of the models at the sigratma
ucu gate are given in Figure 8. It is clearly seen in this
graphic that, in the second model ,at discharge values
between 61.91 m?/s and 798.6 m?/sn,there is an increase in
the flow speed the at sigratma ucu gate. The most
significant quality of the new model is that in the spillway
model with a normal jet sigratma ucu at discharge values
under 215 m3/sn,the flow is suffocated at sigratma ucu and
the sigratma ucu ,until it reaches this discharge value
Jfunctions as enerji  kirict havuz.Nevertheless,in the
second model, even at discharges of 81.4 m?/s,the flow
under pressure can be sprayed and a jet length of 27 m is
estimated.The rise in the flow speed at the gate of sigratma
ucu in the second model ,decreases after reaching a value
of Q=244.8 m3/sn.The reason for this is that the middle
canal is completely full and the flow overflows the side
weirs and it spreads all over the canal.
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Figure 8. The flow speed at the gate of sigratma ucu and the relation between discharges in both of the models
Sekil 8. Her iki modelin sigratma ucu girisi akis hizlari ile desarjlar arasindaki iliski

Son olarak; yeni olarak projelendirilen model ile normal
jet sicratma uglu dolusavak modelinde belirlenen jet
boylar1 karsilastirildi. Olgiilen jet boylari, desarj debileri
arasindaki iliski Sekil 9. da verildi. Bu grafikte, her bir
modele ait belirli desarj degerlerinde 6lgiilen jet boylart
goriilmektedir. Sekildende de agikca goriilmektedir ki,
61,91m’s ile 591m’s arasindaki desarj degerlerinde,
gelistirilen 2. Modelin jet boylari, 1. Modelin jet
boylarindan biiyiiktiir. Bunun sonucu olarak, gelistirilen
model ile 6zellikle diisiik desarjlarda jet boylarinda artig
saglandigini sdylemek miimkiin olmaktadir. Ozellikle 1.
Model Q=215,95m’/sn den daha kiigiik desarjlardaki akis,
jet olarak firlatilamamasmma ragmen, 2. Model
Q=81,4m’/sn degerinde jet olarak firlattilabilmektedir.
Diger bir deyisle, gelistirilen model ile, jet sigratma
ucunun diisii havuzu olarak calisma 6zelligi oldukea
azaldi ve disiik desarjlarda jet boylarinda elde edilen
artisla  dolusavak temel bdlgesindeki oyulmalarin
azalacagimi sdylemek dogru olacaktir. Bu sayede yapi
diisiik desarjlarda daha emniyette olacaktir. Ornegin; 1.
Modelde Q=202 m?/s igin jet boyu L;=13,5m 6lgiilmesine
karsin, 2. Modelde ayni desarj degerindeki jet boyu 51.6m
olarak olgiildi. Elde edilen bu jet boyu yapiyr daha
emnitetli kilmaktadir.

Sekil 9’da goriildiigii iizere, normal jet sigratma uglu
model akisi, Q=215 m?/s lik desarj degerinde sigratmaya
baslamasina ragmen gelistirilen model Q.=81,4 m’/s lik

Finally, jet lengths of the new model and spillway
model with a normal sigratma ucu were compared. Jet
lengths that were measured and the relation between
discharge volumes were given in Figure 9.In this graphic,
there are jet lengths of each model measured at certain
discharge values. It is also clearly seen in the graphic that,
at discharge values between 61.91 m*/s and 591 m?/s, jet
length of the second model is higher than that of the first
model. And as a consequence it’s possible to say that with
the new model, especially at low discharge ,an increase in
jet lengths was achieved. Although, especially in the first
model, at discharges lower than Q=215.95 m3/sn the flow
is not sprayed rapidly. In the second model ,at a discharge
of Q=81.4 m*sn the flow is sprayed at a proper rate. In
other words ,with the new model sigratma ucu is quality of
functioning as a spillway apron decreased and it will not
be incorrect to say that with the increase in jet lengths at
low discharges,cravities in the main part of the spillway
will diminish.Therefore,the structure will be more secure
at lower discharges.For instance although in model 1 at a
discharge of Q=202 m?3/s the jet length was measured as
Lj=13.5 m., in the second model at the same discharge
value the jet length was calculated as Lj=51.6 m. This jet
length renders the structure more secure.

It’s clear in Figure 9. that the model with a normal
sigratma ucu sprays the flow rapidly at a discharge value
of Q=215 m?®/s whereas the second model sprays the flow
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desarj degerinde akis jet olarak firlatilmaya
baglanmaktadir. Bu grafik incelendiginde 2. modelin jet
boylarindaki artigmn, Q=244,8 m’/sn degerinden sonra
goreceli olarak azaldig1 goriilmektedir. Bunun sebebi ise,
bu desarj degerinden sonra, akisin orta kanala sigmayip
yan kanallara tagmasidir. Yan kanallardaki akis
firlatilamay1p, ortakanala gegis yapmakta ve bu akis, orta
kanaldaki yiiksek hizli akis tarafindan tasinmaktadir.
Tabiki buradaki karisim orta kanal akismin  hizim
azaltmaktadir. Bu nedenledirki, jet boylarindaki artig
orani, bu desarj degerinden sonra azalmaya baglamakta ve
Q=591 m’/s de birinci modelle aym jet boyu 5lgiildii.
Desarjin bu degeri igin birinci ve ikinci modelin jet boyu
63 m olarak olgtildii.
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rapidly at a discharge value of Q=81.4 m*s.It’s obvious in
this graphic that the increase in the jet length of the first
model tends to decrease relatively after it reaches a value
of Q=244.8 m>/sn.The reason for this is that with this
discharge value, the flow overflows the middle canal and it
spreads all over side canals. The flow in the side canals is
not sprayed but it crosses into the middle canal and it is
carried by the speedy flow in the middle canal.
Undoubtedly, here, the mixture decreases the speed of the
flow in the middle canal. That’s why the rate of increase in
jet lengths begins to decrease at this discharge value and in
the value of Q=519 m’s the same jet lengths are
calculated for both of the models.At this discharge value
jet length of the first and the second models was measured
as 63m.
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Figure 9. The relation between the jet lengths and discharge volumes of the models.
Sekil 9. Her iki modelin desarj debileri ile jet boylar arasindaki iliski

Ayrica, 2. Modelde Oolgillen jet boylarinda, desarj
degerinin 692 m’/sn ye ulastginda, bir sigrama yaptigi
goriilmekte. Bunun sebebi ise, bu desarj degerine
gelindiginde yan kanallardaki akis, jet olarak firlatilmaya
baglandigindan, sigratma ucundaki yan kanallardan orta
kanala akis gegcisinin kesilmesidir. Bunun sonucu olarak,
orta kanal akis hizinin azalmasina neden olan karisim
ortadan kalktig1 i¢in, orta kanal sigratma ucundaki akig
hizinda bir sigrama oldugu goriilmektedir. Jet boyu, akis
hizinin bir fonksiyonu oldugundan, akis hizindaki sigrama,
jet boyunda sigramaya neden olmaktadir.

5. SONUCLAR

Deney sonuglar1 agikca gostermektedir ki, gelistirilen
model ile, daha diisiik desarjlardaki akislar jet olarak
firlatilabilmektedir. Bu sekilde sigratma ucunun disi
havuzu olarak caligma Ozelligi azaltilmaktadir. Bunun
sonucunda, akigin direkt yapinin temel bolgesine diismesi
onlenmektedir. Buna ek olarak, diisiik desarjlardaki jet
boylarinda artis saglanmasiyla, daha emniyetli jet boylar
elde edilmektedir. Her iki modelde sigratma ucu c¢ikis
acilar, desarj degerleri, toplam diisii seviyeleri ve

Moreover , a rapid increase in the jet lengths in model 2
was recorded when the discharge value reached 692
m?/sn.The reason for this is that at this discharge value,
the flow in the side canals started to be sprayed rapidly
and it ceased to cross into the middle canals from the side
canals. As a result of this, since the mixture which causes
the middle canal flow speed to decrease disappears, there
appears a rapid increase in the flow speed at middle canal
sicratma ucu .Because the jet length is a function of flow
speed , the rapid increase in the flow speed causes a rise in
jet length.

5.RESULTS

The results indicate that with the new model ,at lower
discharge, flow can be sprayed rapidly .In this way,
sicratma ucu is quality of functioning as a spillway apron
is diminished. As a consequence ,the flow is prevented
from pouring into the main part of the structure. In
addition to this,with the attainment of an increase in jet
lengths at low discharge,more secure jet lengths are
obtained. Although all the characteristic features such as
the exit angles of sigratma ucu ,discharge,total pressure
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sicratma ucu yarigaplart gibi biitin proje karakteristik
ozellikleri ayni olmasina ragmen, bosaltim kanalinda
yapilan degisiklikle elde edilen yeni modelde, disiik
desarjlarda jet boylarinda oldukga iyi bir artig saglandigi
goriilmektedir. Bu sayede diisiik desarjlarin yapiya
verecegi zararlar daha az bir seviyeye indirilebilmekte ve
yap1 daha emniyetli kilinmaktadir.

Biitiin bunlara ek olarak, yapilan ¢alismada taban basing
Olglimleri yapilmadigi igin bosaltim kanali ve sigratma
ucunda olusabilecek kavitasyon hususunda bir veri yoktur.
Yapilan deneyler incelendiginde ozellikle desarjin 591
m’/s’den daha biiyiik degerlerinde kavitasyon problemleri
ile kargilagilablir. Yapilacak bir ¢alisma ile bu konu
irdelenebilir. Ayrica, deneylerin yapildigi her iki model
ayni karekteritik 6zellikleri tasidigi i¢in, sonuglarin boyut
icermesine ragmen, yapilan karsilastirmalarin kendi icinde
tutarli oldugu kabul edilebilir. Fakat bu arastirma
sonuglarinin, yapilacak olan daha sonraki calismalarla
karsilastirilmasinda, sonuglarin boyut icerdigi
unutulmamalidir.

KAYNAKLAR/ REFERENCES

G.U.-J.Sci., 17(2):91-104 (2004) / Selami MERDIN*, Basri ERTAS

head levels and sigratma ucu radius are the same,in the
new model which was formed by making changes in
excretion canal,a remarkable increase in jet lengths was
attained at low discharge.Therefore,probable damages
which are thought to be caused by low discharge are
lessened and the structure becomes more secure.

In addition to all of these, as the base pressure was not
measured in the study, there is not any findings about a
probable ‘’kavitasyon’’ in the excretion canal and sigratma
ucu. When the experiments are examined, ’kavitasyon’’
problems may be observed especially at a discharge value,
lower than 591 m’/s.In a new study this subject can be
studied in detail. Moreover, since both of the models on
which the experiments were conducted, although the
results include the dimensions, it can be admitted that the
studies are coherent. However, when comparing the results
of the research with the the studies that will be carried out
in the future, it shouldn’t be ignored that the results
include the dimensions.
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