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OZET

Cevre Miihendisliginde debi dagitim problemi ile, ayrik sistemde aritma tesisi girig
yapilarinin hesabinda, birlesik sistemde ise dolu savaklarin boyutlandiriimasinda
karsilagilir. Bu caligmada aritma tesislerinde kullamlan debi dagitim kanallarinin
boyutlandirilmas i¢in bir iterasyon yontemi gelistirilmis ve niimerik uygulamalari
verilmistir.

Bes boliim olarak sunulan bu calismanin birinci boélimiinde, birlesik sistem
kanallarinda dolu savaklarla akim ve kirlenme kontrolii hakkinda kisa bir bilgi yer
almaktadir.

ikinci béliimde, dolu savaklarin hesabi igin literatiirde mevcut yontemler ayrintili
olarak ele alinmig ve gelistirilen bir niimerik yaklastmin bunlar arasindaki yeri
belirtilmistir.

Uclincii  béliimde, debi dagitim kanallarimin hesabr igin gelistirilen analitik
yontemler ele alinmustir.

Dérdiincii  boliimde, aritma tesislerinde debi dagitim kanallarinin bilgisayarla
hesabi icin literatiirde mevcut hesap metodlar1 aciklanmgtir.

Besinci boliim, bu calisgmanin esasim teskil eden niimerik yontemin ve gelistirilen
bilgisayar programlarinin agiklanmasina ayrilmistir. Bu boliimde savakli giris
yapilarinda debi dagitimi icin niimerik bir ¢6ziim elde edilmistir. Bu maksatla,
ikinci bolimde ayrintili olarak incelenen yan savak problemi igin en uygun sonug
veren niimerik bir yaklagim kullamilmistir. Savaklar arasindaki geciste su yiizi
profili kanal tabammna paralel kabul edilmistir. Boylece savaklar birlestirmek ve
tiim savaklar1 tek bir savak olarak idealize etmek miimkiin olmustur. Bu niimerik
¢oziimde su yiiziiniin enine dogrultudaki alcalmasi bir katsayis1 ile hesaba
katilmigtir. Savak kafi derecede kiiciik pargalara ayrilmi§ ve her bir savak parcasi
icin Froude sayisinin fonksiyonu olan bir C,, debi katsayis1 kullanilmstir.
Gelistirilen bilgisayar programlari, deney sonucglarina uygulanmig ve teori ile
pratik arasinda tam bir uyum oldugu gozlenmistir. Daha sonra gelistirilen
bilgisayar programlarinin gesitli uygulamalar1 verilmis ve elde edilen sonuglar
Ozetlenmigtir.



SUMMARY

DESIGN OF FLOW DISTRIBUTION CHANNELS
IN TREATMENT PLANTS

In water and wastewater treatment plants, as well as in various applications of
environmental engineering such as storm water overflows in combined sewerage
systems, open channels with side discharge weirs are often used to distribute
incoming flow to parallel treatment units or diversion works. Such channels are
referred to as distribution channels.

In the first chapter of this thesis flow distribution in combined sewerage system
is studied with the consideration of pollution control. A combined sewer carries
both wastewater and storm-water runoff. Wastewater-treatment facilities are
generally sized to handle dry-weather wastewater flows, but not the high flow
rates and volumes associated with storm-water runoff. Where existing combined
sewers must be used to deliver to a treatment facility, it may be necessary to
provide a diversion or overflow structure. Storm water may be diverted by side
weirs, baffled side weirs, transverse weirs, leaping weirs and relief siphons.

Flow control in distribution channels of treatment units is normally achieved
by rectangular weirs and submerged orifices. In this study, control of flow by
means of side discharge weirs has been considered. A trough investigation of
various methods regarding the design of side weirs is therefore necessary. A
literature survey was made for this purpose in chapter 2. Side weirs can be
classified in two different groups: Side weirs with water depths increasing from
upstream to downstream directions (subcritical flow) and those with decreasing
water depths (supercritical flow). In distribution channels of treatment units,
mostly side weirs with increasing water surface profile are encountered. Various
approaches developed and proposed by De Marchi (1934); Collinge (1957);
Fair, Geyer (1980); Chao and Trussell (1980); Tchobanoglous (1981); Benefield
(1984); and Muslu-Tozluk (1994) were reviewed in detail. Numerical examples
were solved for the sake of comparison . It was concluded that the approach
developed by Muslu-Tozluk (1994) is usable for numerical application and it
also agrees well with the experimental results.

Analytical approaches to flow distribution in treatment plants were studied
in Chapter 3. They are approximate methods because variation in flow over side
weirs is neglected, although its variation is controlled by means of a
dimensionless parameter M



M=l (1)

q;

in which q; is the rate of flow for the first and q, is the rate of flow for the
last inlet structure. Design formulas were derived and an approximate hydraulic
profile was also given as a result of a literature survey.

In chapter 4, computer methods have been outlined for flow distribution in
rectangular prismatic channels when flow control is achieved by different means.
A numerical method proposed by Chao and Trussel (1980) was explained. This is
a step method wherein the flow characteristics of each weir determined by
proceeding step by step from the downstream end of the distribution channel to the
upstream end where the flow enters the channel. Weir coefficient C, was
estimated from Subramanya and Awasthy (1972) formula assuming an average
weir head whereas it changes along the channel. This is the most important
weakness of the method which was corrected by the approach of Muslu and
Tozluk (1995). This point was taken into account at the present study.

Another drawback for the numerical approach of Chao and Trussell (1980) is that
there are various iteration procedure inside the program due to the step by step
application of hydraulic formulas. Depth of flow at the upstream end of each weir
is determined at the end of an iteration procedure which results in too long
computer times.

In chapter 5 a new approach was developed based upon computer programming for
the flow distribution in treatment units. In the numerical method outlined in
Chapter 4, hydraulic head on the weir is assumed constant whereas it increases or
decreases in flow direction. There is a numerical error due to the step by step
calculation because flow is a continuous phenomenon. Therefore in Chapter 5, a
procedure was developed in which weirs were divided into small portions to
represent flow conditions continuously. Each weir portion was considered as an
individual unit having a discharge coefficient C, . Dimensionless coordinates were
used and C, was expressed as a function of Froude number Fr.

_ 3(Fr)*
Cy = (0.611)1/1—-——-——( 12 )

as suggested by Subramanya and Awasthy (1972) in which Fr is a function of the
diverted jet from the side weir. On the other hand, water depth decreases
towards the weir crest in directions perpendicular to the channel axis. Change in
water depth was expressed by a dimensionless parameter

- 3



in which h’ is depth of water at the weir plane whereas h is the water depth of
water at channel axis, as shown in the following figure:
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Figure 1. Lateral water surface profile in a distribution channel with side weirs
In this thesis, a function of
y=1-0.036 Fr 4

empirically derived by Muslu (1995) was used to determine the hydraulic profile
along the channel.

In the present approach inclination of the diverted flow from the weir is thus taken
account by means of a Froude number whereas transversal slope is considered
using a dimensionless parameter . These dimensionless parameters were
introduced into the energy equation. In order to generalize the results, flow depths
were normalized using the following dimensionless parameters.

®)

|

Dimensionless depth = z=

Dimensionless length = x = % 6)

Specific energy height E was assumed to be constant. A definite integral was
obtained for the length of a side weir portion in which dimensionless depth of
water increased from z; to z,.

Calculation procedure starts with the first weir portion under consideration. Here,
the dimensionless flow depth z; should be known in order to perform the program.
An iteration procedure is therefore necessary. With the known value of z,
dimensionless flow depth z, for the first weir portion was obtained from the
definite integral (Eq. 2.20) in which L / b is chosen in such a way that results



become independent of the L / b value wused in the calculation. Output data
obtained from the first weir portion were used as an input data to the next weir
portion. This procedure is repeatedly performed for each weir portion until the
value of z, of the last weir portion is obtained. If this value corresponds to the
downstream conditions at the end of the distribution channel, the value of z; used
in the first iteration is correct, i.e. there is no need to repeat the calculations.
Computer programs are given in Appendixes A to E. See table below for the
computer output as an example in which 6 denotes the total dimensionless weir
length in the distribution channel i.e.

Table 1. Computer output obtamed from z,=0.9638542 ; p/E = 0.80083534
ALMb=0.04 ; Q=0.65723 m’/s ; b=1.219200m ; ¢ = 1-0. 036*Fr

Z y 23 Fr Q ZALMD h Q

0.9638542 | 0.9642421 | 0.2738661| 0.9901408| 0.0400000( 0.7336909] 0.6572300
0.9642421|0.9646293 |0.2723380] 0.9901958| 0.0800000| 0.7342808| 0.6506683
0.9646293 | 0.9650158 | 0.2708051 0.9902510( 0.1200000] 0.7345751| 0.6473627
0.9725642|0.9729306 | 0.2375277] 0.9914490| 0.9600000| 0.7405999] 0.5741140
0.9729306 | 0.9732958 | 0.2358920| 0.9915079| 1.0000000| 0.7408778 0.5704427
0.9732958]0.9736596 |0.2342517| 0.9915669| 1.0400000 0.7411548| 0.5667548
0.9812877|0.9816147 | 0.1952904] 0.9929695 | 1.9600000] 0.7472102 0.4773685
0.9816147|0.9819398 | 0.1935442 0.9930324| 2.0000000{ 0.7474577| 0.4732861
0.9819398 | 0.9822629 |0.1917937| 0.9930954/ 2.0400000| 0.7477036 0.4691877
109888150 | 0.9890849 | 0.1504096] 0.9945853 | 2.9600000] 0.7528966 0.3706163
0.9890849 | 0.9893522 | 0.1485635| 0.99465173.0000000] 0.7531001| 0.3661498
0.9893522 | 0.9896167 | 0.1467136/ 0.9947183 | 3.0400000| 0.7533014| 0.3616689
10.9947035 | 0.9948989 | 0.1031959| 0.9962849] 3.9600000] 0.7573223 0.2548512
0.9948989 | 0.9950910 | 0.1012643| 0.9963545| 4.0000000| 0.7574685 0.2500545
0.9950910|0.9952798 | 0.0993295| 0.9964241 | 4.0400000 0.7576122| 0.2452461
0.9985413 | 0.9986470 | 0.0540532] 0.9980541|4.9600000]0.7601754| 0.1317449
0.9986470 | 0.9987489 | 0.0520540| 0.9981261] 5.0000000| 0.7602529] 0.1266987
0.9987489 | 0.9988470 | 0.0500525| 0.9981981 | 5.0400000|0.7603276| 0.1216446
10.9999848 | 0.9999940 |0.0055140] 0.9998015( 5.9200000] 0.7612007] 0.0088074
0.9999940 | 0.9999989 | 0.0034729] 0.9998750| 5.9600000| 0.7612044 0.0037066
0.9999989 | 1.0000000 | 0.0014615| 0.9999474| 6.0000000| 0.7612052| 0.0003586




To simplify the calculational procedure, water surface between side weirs were
assumed to be parallel to the channel bottom, i.e., flow depth at the downstream
end of a weir is equal to that at the upstream end of the next weir. Thus, it has
been possible to combine all weirs as a unique (single) weir to apply the computer
programs in the Appendix A to E. Hydraulic profile in the distribution channel of
a treatment unit and the variation of the flow rate could thus be obtained.

In order to verify the theory, results should be compared with experiments. For
this purpose experimental data published by Hager (1982) were used.

In this experiments, a plexiglas flow channel 50 m long with 8 side weirs were
used. The width of the channel is 0.3 m . Hydraulic profiles and flows over each
weir were measured. Rate of flow was varied. Depths of flow in longitudinal and
transversal direction were determined. In this study, experimental Run No. 20 in
Hager’s work was evaluated for the verification of the theory. Computer programs
were performed using the measured data. Theoretical surface profiles and flows
over each side weir were calculated. Experimental results agree well with those
obtained from the computer program developed (See Fig. 5.10). The results
obtained from the computer program developed by Chao and Trussell’s ( 1980 )
were also plotted in the same figure for purpose of comparison. They are erroneous
due to the step by step calculations as mentioned before.

In this thesis the effect of the channel width on flow distribution was also studied.
It was found that more uniform flow distribution is obtained as the channel width
increases (See Tables 5.8 to" 5.12).



BOLUM 1

BIRLESIK SISTEM KANALLARINDA DOLU SAVAKLARLA
AKIM VE KIRLENME KONTROLU

Genellikle Cevre Miihendisliinde debi dagitim problemi ile, ayrik sistemde aritma
tesisi giriy yapillanmin  hesabinda, birlesik sistemde ise dolu savaklarn

boyutlandinlmasinda kargdagilir.

Birlesik sistem kanallarinda akim kontrolii, artma tesislerine veya mansap kanallarina
iletilen debinin smirlandirilmast ve mevcut bir kanalin kullanilmas:1 gerektigi zaman
ortaya ¢gikar. Atiksu antma tesislerinin biyolojik kismt en fazla 2Q;s debisine gore
projelendirilir. 3Q,s debist ise mekanik bir antimdan gegirilir. Boylece en fazla 5Q;s
debisinin tstiinde gelen yagis sulan dolu savaklarla sagnak kanalina verilecektir. Bu
esnada sagnak kanali agirt bir su kirlenmesine sebep olmamalidir. Bu durum alici
suyun kendi kendini temizleme kapasitesi ile ilgilidir. Ancak pratikte belirli bir
seyrelme sayisina gore kirlénme kontroliine karar verilmektedir. Iller Bankas:
Yonetmeliginde de bu durum s6z konusudur. Sekil 1.1’e gore Q;-Q, sagnak
kanallarindan yiizeysel sulara verilen debiyi, h, ve h, su yiiksekliklerini ifade eder.
Q- ise aritma tesisine iletilen akimu gosterir ( Q2= 5Q;s).

Gergekten bu yonetmelikte m seyrelme sayisim1 gosterdidine gore, savaklanmanin

bagladifi andaki debi Q = (1+m)Q, seklinde ifade edilir ve bu esnada atiksular “m
kat seyrelmistir” denir. Q, atiksu debisi, Iller Bankas1 Yonetmeligine gore

24 \(M)(maxq, )
Q.= Q”:(IE)WW (1.1)

seklinde hesaplanmaktadir. Burada N nifus sayisim, maxq, 1/ N/ G olarak birim



su sarfiyatini gostermektedir. Iller Bankast Yonetmeliginde m, 4 ila 9 arasinda
secilecek bir sayidir. m = 4 alinirsa (1+m)Qi2 = 5Qi>  olur. Boylece Almanca
literatiirde tariflenen debi degisimi ile Iller Bankasi Yénetmeligi arasinda bir paralellik
saglanmig olmaktadir. Dolu savak, aritma tesisi giriginde yapiliyorsa, Q> yerine,
Qs alinmalidir.

A V.4
I h
h, 2
Ql 1 ! p Q2
I ,
Boyuna kesit
L
Giris b . Tasfiye tesisine
kanai — Q i , » Q
t 2

i Q \ :
\ D,
Plan

Sekil 1.1 Birlegik sistem kanallarinda kullamlan bir dolu savagin boyuna kesit
ve plami

Savak sirtina tiniform akim kabuliine ve (1+m)Q, debisine gore bir yiikseklik
verilir. Savaklanma sirasinda tasfiye tesisine giden debi Q> (1+m)Q, olur. Cunki
savagin hidrolik yiiki (h; - p) > O olmalidir. Burada h; tniform akim kabiiliine gore
Manning formilii gibi bir formiilden bulunan su yiikseklifini, p ise savak sirti
yilksekligini gostermektedir. Yani antma tesisine giden kanalda akim tniformdur.
Savak baglangicinda Q, debisinde su yiiksekligi h; ile gosterilmigtir. Savak
tizerindeki akim nehir rejiminde, Sekil 1.1’ de gorildiga tzere h; *den h, ’ye kadar
artar. Sel rejiminde ise savak boyunca su yiksekligi azalir. Bu husus Bolim 2°de
cesitli hesap metodlan ile birlikte agiklanacaktir.



BOLUM 2

DOLU SAVAKLARIN HESABI ICiN CESITLi METODLAR

2.1 Yiikselen Su Yiizii Profiline Gire Dolu Savaklarin Hesab1

Bu halde akim nehir rejiminde olup h/E > 2 /3 *dir. Bu sebeple pratikte savak kret
yitksekligi P /E >0.7 almir (Tchobanoglous, 1981).

2.1.1 Forcheimer Metodu

Forcheimer, Manning formuliini kullanarak L savak boyundaki yitk kaybiu
ortalama debi, ortalama islak kesit ve hidrolik yarigap yardimiyla hesaplamugtir (Fair,
Geyer ve Muslu, 1980).

Sekil 2.1 Forcheimer’e gére yan savak iizerinde akim



Genigligi b olan dikdértgen bir kanal igin :

(bh, +bh,) =b(h1 +h,)

a, = ortalama 1slak kesit = > 5 (2.1)
R +
Rox = ortalama hidrolik yarigap = — > % (2.2)
b b
R, i : ok _ (2.3)

“pe2n  BThim

Bu ortalama hidrolik parametreler ve (Q;+Qz) / 2  ortalama debisi i¢in Manning
formiiliinden hesaplanan yiik kaybi

=2 RV (2.4)
() -]
b, =JL= (%glf L 2.7)

olur. Kanal taban egimi J; ile g6sterildigine gore (1) ve (2) kesitleri arasmda bir
Bemoulli denklemi yazlirsa

2
A v (0 +0)
=h +2—+ L 2.8

h+J L+ 22 h, 22 Za,R,,,,z“ (2.8)



bulunur (Sekil 2.1). Forcheimer, savagi asan (Q;-Q,) debisini de ortalama bir
hidrolik yikk kullanarak klasik savak formiiliinden hesaplamugtir. Yani,

Qs=Q1—Q2=CL((h1_p);(h2_p)] =CL[—h1;h2—p) @.9)
veya
h1+h2 _ QI_QZ 2/3

At et

bagintilar1 elde edilir. Burada C savagin debi katsayisim gostermektedir. Q,, Q,
C, n, p ve J; verilirse, L ve h; degerleri, asagidaki misalde agiklanacag: lizere
(2.8) ve (2.10) denklemlerinden deneme-yamilma yoluyla hesap edilebilir.

Misal 2.1

Bir birlegik sistem kanail kutu seklinde karesel bir enkesite sahip olup, J. = 0.001
taban eZimine sahiptir. Bu kanal tzerinde yapilacak bir dolu savak ile, artilmas:
istenen Q,=0.120 m®/s debisinin stiindeki seyreltilmis sular bir sagnak kanali ile
yakindaki dereye verilecektir. n=0.013 ; C=1.8;b=0.5 m olduguna gére L =3 m
icin maksimum Q, debisi ne olabilir? (p = 0.7E).

Coziimii:

1. Once savagin mansap tarafinda Manning formili kullamlarak tniform akim
kabuliiyle h, su derinligi hesaplanir:

0= %R”“J"ZA 2.11)

Burada,



Q.=0.12m’/s
n=0.013
A=h,(05)

_05(h,)
~ 05+2h,

J=0.001 m/m

olarak veriimektedir.

012 = : (OS(hz)

2/3
= 00 172 )
0.013\ 24, +o.5J (0001)705(A,)

2/3
05(h,)
. (2112 +05 ] k.

h,=0355m
2. Savagin mansap tarafindaki hiz ve 6zgil enem yiiksekligi bulunur:
1 25 e
V==R"J
n

1 ( (05)(0355) Y°
" 0013 2(0355)+05

(00002 = 0677 m/ s

2

E= +K2— (2.12
=h, 2g 12)

(0677)°
2(981)

E=0355+ =0378m

elde edilir.



3. Savak yiiksekligi

p=07(E)=07(0378) = 0265m
olarak verilmektedir.

4. h; , Q, degerleri (2.8) ve (2.10) bagmntilan yardimiyla bulunur. Once (2.8)

denklemini, verilen niimerik degerlerle ifade edelim:

h,—h = 2ga2 2a R

s tort

Q] _Qz +JtL_(n(Q1+Q2)JL

s

05 (h, +0355)

a. =

: 2
_ 054, [05+2(0355)]+(05)(03 55)(05+2h,)
o 2(05+2h,)(05+2(0.355))
03ss_p =2 —(012)? Ay 0013(Q, +012) 2(3
' YT 2918)a 2a,R,," )

Benzer sekilde (2.10) bagmtisi,

h 3/2
Q:- Q=CL (hl ; 2 ‘P]

0355+h, 2
Q:-0.12= (18)(3 '—2‘——"—0265

olur. Bu iki denklemin ¢oziimiinden :

hy= 03442m ; Q;=02528 m’/s



olarak elde edilir.

2.1.2 Dolu Savaklarm Tchobanoglous (1981) Tarafindan Onerilen Metodla
Hesab1

Tchobanoglous (1981), De Marchi formiliini, Collinge tarafindan verilen bir K
diizeltme katsayist ile tashih ederek kullamlmasini 6nermekte ve deneme-yanima

metodu ile ¢oziime ulagmaktadir. K diizeltme katsayisi agagida verilmigtir.

31
K=o (2.13)
. 1
Burada
V,
Fr,=—=—= (2.14)

VE&h
savagin memba ucundaki Froude sayisi gostermektedir. Gerekli savak uzunlugu
L=KL, (2.15)

seklinde hesaplanir. Ly , De Marchi formilinden bulunan savak uzunlugunu

gostermektedir. L. uzunlugu ise

b (h) (A
L = u(¢(£) ¢(ED (2.16)
(OE 3p /h > —3sin” E_ ) (2.17a)

olarak verilmektedir. (2.17a) bagintiss E 0Ozgiil enerji yiiksekligi ile boliinerek
boyutsuz hale getirilmig ve




(2.17b)

bagintist elde edilmigtir. Bu bagintilarda h; ve h, su derinliklerini, p savak sirtinin
kanal tabanindan yiiksekligini, E 6zgil enerji yiksekligini, Q; baglangigta kanala giren
debiyi, Q, ise (Qi-Q;) kadar debi savaklandiktan sonra kanalda kalan debiyi
gostermektedir (Sekil 2.2’ye bkz). Keskin kenarli savaklar igin C = 1.84 olabilir.
Bura gore savak sabiti,

C 1.84

# =J2—g J2(9381)

=0415

Il

olur.

Q by ! p ! b Q

y 3
PP AU

=

Sekil 2.2 Yiikselen su yiizii profili igin Tchobanoglous (1981) tarafindan énerilen
metoda gore dolu savaklar iizerindeki akim

Misal 2.2

Misal 2.1° de verilen doneler igin maksimum Q, debisini bulunuz.
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Coziimii:

1. Once savagin mansap tarafinda, Manning formiili kullanlarak, iniform akim

kabiilitlyle h, su derinligi hesaplanir:

Q - _1_R2/3J1/2A
n

Burada,
Q:=0.12m’/s
n =0.013
A =h,(05)
0.5)h
R gsen
J=0.001 m/m

olarak verilmektedir.

2/3
1 05h, 172
012= 0.001)"* 0.5

0.013 (21:2 +o.5) (0001} 0%,

0.5h2 2/3
0,099 = (2}:2 +05 J b,

Buradan, h, =0355m bulunur.

2. E Ozgiil enerji yiiksekligi bulunur:

= L p2n i
n

1 ( 0.5(0355)

/3
1/2
= 0.001)"2 = 0677 m/
0013 2(0.355)+o.5]Z (0.00) mes
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y2 (0677)°
E= —2-=0355+ =03
h2+2g 355 2080) 0378 m
elde edilir.

3. Savak yiiksekligi
p=07(E)=0.7(0378)=0265 m
olarak verilmektedir.

4. Akimin h; su yiiksekligi bulunur:

a. p/E=0.7igin (2.17b) bagintisi1 hesaplayan bilgisayar programu yardimiyla
¢(z,) bulunur:

ole) = o 2 J=-tsms

b. L; savak uzunlufu igin bir deger atanarak (2.16) bagintis1 yardimiyla 4)(21)
elde edilir. Birilk yaklagim olarak L;= 2.7 kabul edelim :

bl L gl
w2

05 n )
27= 64—1‘5(—1.5718 - ¢(“E))

0(z,) = ¢(%]= ~38128
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c¢. p/E=07i¢in (2.17b) bagintisim hesaplayan bilgisayar programi yardimiyla

tatonman yapilarak z; bulunur:

h
z, =7 = 0769508
h, = 0.769508(0.378) = 02909 m

5. V,hizi ve Q; debisi bulunur:

05 0,5
V= [2g(E - hl)] =[2(981)(0378-029087)] ~ = 1307 m/ s
Oy =V 4, =(029087)(05)(1307) = 0190 m> / s
6. K Diizeltme faktori kullanilarak sonug kontrol edilir:

v, 1307
Fri= = =0.774
Jei  J(981)(029087)

31 31
28~Fr,  28-0774

K =133

30
=—=196%#27
L. 153

oldugundan yeni bir deneme gereklidir. L= 2.0 kabul edelim.

7. Ly=2.0igin h, yiiksekligi bulunur.

20m= 22 asmsos-of |
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p/E =07 igin (2.17b) No’lu denklemi hesaplayan bilgisayar programi yardimiyla

tatonman yapilarak z; bulunur:

= 0807599

SES

=

hy= (0.8076) (0.378) = 0.3053 m.

8. V; hizn ve Q debisi bulunur:

05 0,5
v =[2g(E~hy| ~ =[2(981)(0378-03053)]° =1194 m/ s
0, =V, 4; =(03053)(0.5)(1.194) = 01823 m* / s

9. K diizeltme faktori kullamlarak sonug kontrol edilir:

1.194

Fry = ——————= 0,689
' J981(03053)

31
=————=146
28— 0689 08
3.0
=—"—=204=20
VT

Bu yaklagiklik igin 8. maddede hesaplanan Q; = 0.1823 m’ / s debisi problemin

¢Oziimiinii gosterir.
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2.1.3 Dolu Savaklarin Chao-Trussel (1980) ve Benefield (1984) Tarafindan
Onerilen Bagmtiyla Hesab:

Chao ve Trussel (1980), yan savakh debi dagitim kanallannin hesabi ile ilgili
¢alismasinda dolu savaklarin, Subramanya ve Awasthy (1972) tarafindan gikarilan

_ 3(Fr)’
Cw = (0.611)‘/1—————(&)2+2 (2.18)

debt katsayisiu kullanarak klasik savak formiiliyle hesaplanabilecegini kabul
etmektedir. Bu hesap metodu Benefield (1984)’e de alinmug oldugundan yukandaki
baslk altinda konu anlatilmigtir. Buna gore savaklanan debi.

0.=0,-0, =5 1C, g [~ " 2.19)

bagintistyla bulunabilir. Burada h; ve Fry, sirastyla menba kesitindeki su yiiksekligini

ve Froude sayisim1 gostermektedir.

Misal 2.3

Misal 2.1’de verilen doneler igin maksimum Q, debisini bulunuz.
Coziimii:

Misal 2.1°de savagin mansap tarafinda Manning formiilii kullamlarak uniform akim
kabuliiyle h, su derinligi 0.355 m, E 6zgiil enerji yiikseklifgi 0.378 m olarak
bulunmustu (Sayfa 6’ya bkz). E o6zgil eneri yiikseklii savak boyunca sabit
olduguna gore, Q, debisini bulmak igin bir ilk yaklagm olarak Q, =018 m’/s

kabul edelim.
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(018 1
h2(05) 2(981)

E=0378=h+

Tatonmanla, h;=0.3087 m i¢in E =0.378 m degeri elde edilir. Chao ve Trussell
(1980), bu yontemde savak boyunca su yiikseklifint hoq ortalama su yiksekligi olarak
kabul ettigi i¢in savagin memba ve mansap tarafindaki su yiiksekliklerinin ortalamasi

alinir,

, _Mth _03087+0355

=" > =033185m

degeri elde edilir. Buna gore Q; debisi,

O o018
" bh,, 05(033185)

14 =1085 m/s

¥ 1085
" Jgh  /981(033185)

Fr, =06013

3(0.6013)°
=(0. 2 = 4493
Co (06”)\/1 060137 +2 0

32

0,=0-0, =%LCw\/5§ [hl —P]

2
0, —Q, =5 (3)(04493) V19.62 (0331850265 =0.0688

0,=0.120 +0.0688 = 0.1888 m’/ s

olarak elde edilir. Halbuki Q;=0.180 m’/s kabul edilmisti Yeniden isleme
devam edilir.



16

Q:=0.185 m*/s olsun. E=0.378 midi. Ozgil enerji (E) sabit olduguna goére bu
debiye kargihk gelen h; degeri bulunur.

(0185° 1
=0378=
E=0318=h "7 05) 20080)

Tatonmanla, h;= 0.301 m ig¢in E = 0.378 m degeri elde edilir. Buna gore Q
debisi

_h +h, 0301+0355

=0,

= : 328 m
=8 g m

1= 050328 oM

1128

Fr, = ———=—==06288
' J9.81(0328)

3(0.6288)"
=(0611),[1-———5——=0.
C,=(06 1)\/1 (06288 +2 04341

2
0, -0, =5 (3)(04341) V1962 (0328 ~0265]** = 0.06081

Q,;=0.12 +0.06081 =0.18081 m*/ s
Q, # 0.185 m*/ s oldugu igin isleme devam edilir.
Q:=0.1835m’/s olsun. Bu debiye karsihk gelen h, degeri,

(01835 1
R (05)* 2(981)

E=0378=h+
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Tatonmanla, h; =0.3035m i¢in E=0.378 m olarak elde edilir.

h = h +h, _ 0.3035+ 0355

=" > =032925m

0.1835

=— "2 211146 m/
17 05(03035) mrs

11146

Fr, = = 06202
\/9.81(032925)

3(0.6202
=(06 e 204389
C.=0 ”)\/l (0.6202)* +2 4

2
0, -0, =5(3)(04389) V19,62 [032925—0265] "

0 -0, =00634 m’/s

0, =012+00634=01834m> /s
0, =0, =0.1835=0.1834
oldugu i¢in igleme son verilir.

2.1.4 Niimerik Integrasyon Metodlan

Sonsuz sayida, ds geniglikli dilimlere ayirmak suretiyle yan savak problemi niimerik
olarak da ¢ozilebilir. Muslu ve Tozluk (1994), diktortgen enkesitli bir kanal
lizerindeki dolu savakta boyutsuz parametreler kullanarak, su yiiksekliginin h;’den
hy’ye ulagti@1 savak uzunlugunu, asagidaki belirli integralle hesaplamglardir.
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2.
3 J‘ 23z

L
b 2444 A
(1—z)(3u1 2_2)(‘I’Z‘E)

dz (2.20)

Burada w su yizinin enine dogrultudaki egimi ile ilgili bir integrasyon

parametresidir. z, boyutsuz su yiiksekligini ifade eder ve
z=— (2.21)

seklinde tarif edilmigtir. y  parametresinin, Froude sayisimin fonksiyonu olarak
agagidaki bagint1 ile ifade edilebilecegi gosterilmigtir (Muslu, 1995).

v =1-0036Fr (2.22)

Bu caligmada debi dagitim kanallan hesaplanirken yan savak akimi, (2.22) bagintisini
(2.20) bagintisinda yerine koymak suretiyle bulunacaktir. (2.20) bagintisinin niimerik
integrasyonu  i¢in Tozluk (1994)’de geligtirilen  bilgisayar programindan
faydalamlacaktir (Program listesi icin Ek A’ ya bakiniz).

Misal 2.4

Misal 2.1’ de verilen doneler igin maksimum Q; debisini Ek A’ daki program

yardimiyla bulunuz.
Coziimii:

Daha once Misal 2.1’de (sayfa 5’e bkz.) tniform akim kabuliine gére h,= 0.355m,
E =0.378 m bulunmus oldugundan

0355
=222 _ 0939153
20378
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elde edilir. Savak baslangicinda z, bilinmediginden problem, Ek A’da verilen
program yardumiyla ancak deneme - yanilma metodu ile ¢ozilebilir. Son
iterasyonda z; = 0.8162442 degeri igin yukanda verilen z, degeri elde edilmistir.

Programin galigtirilabilmesi igin AL/ b degerinin segilmesi gerekir. Bu nedenle

Lin, (30)/n,
ALTb = b 05

(2.23)

bagintisindan yararlanilarak n, = 150 ve n, =300 olmak iizere sirastyla AL/b = 0.04
ve AL/b =0.02 igin iki ¢tkig alinmugtir. Burada n, dilim sayisim géstermektedir.
Bu misalde savak uzunlugu birbirine esit 150 ve 300 pargaya aynilmustir. Her
iki ¢ikig igin sonugclar degerlendirildifinde z; deZerinin 6nemli sekilde degismedigi
gorilmistiir. Sonuglar Tablo 2.1 ve Tablo 2.2°de gosterilmis olup, AL/b = 0.02
igin z; =0.816227 ve AL/b =004 igin z =0.8162442 olarak bulunmustur.

O halde AL/b<0.02 igin sonuglar segilen araliktan bagimsiz olacaktir. Buna gore

h = z,E =0816227(0378) = 0308533 m

bulunur. Savak baglangicindaki Q; debisi

V12
E—h,+2g_h1

Q2

i 2(981)b°h’ @224

bagntist yardimiyla

o’
2(9.81)(05)°(0.308533)’

0378 =0.308533+

Q;=0.1801 m*/s

olarak elde edilir.



Tablo 2.1
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Ek A’da verilen program yardimiyla hesaplanan

SAL/b=F(z, AL/b,p/E) fonksiyonu

z; = 0.816227 ;

p/E=0.70105820 ; AL/b=0.02 ;

)

Z;

Fr

v

XAL/b

0.8162270
0.8165139
0.8168017
0.8170905
0.8173801
0.8176706
0.8179620
0.8182544
0.8185477
0.8188418
0.8191369
0.8194329
0.8197298
0.8200277
0.8203264
0.8206261
0.8209267
0.8212282
0.8215306
0.8218340
0.8221383
0.8224435
0.8227496
0.8230567
0.8233647
0.8236737
0.8239835
0.8242943
0.8246061
0.8249187
0.8252324
0.8255469
0.8258624
0.8261788
0.8264962
0.8268145
0.8271338
0.8274540
0.8277751

0.8165139
0.8168017
0.8170905
0.8173801
0.8176706
0.8179620
0.8182544
0.8185477
0.8188418
0.8191369
0.8194329
0.8197298
0.8200277
0.8203264
0.8206261
0.8209267
0.8212282
0.8215306
0.8218340
0.8221383
0.8224435
0.8227496
0.8230567
0.8233647
0.8236737
0.8239835
0.8242943
0.8246061
0.8249187
0.8252324
0.8255469
0.8258624
0.8261738
0.8264962
0.8268145
0.8271338
0.8274540
0.8277751
0.8280972

0.6710430
0.6704012
0.6697571
0.6691109
0.6684625
0.6678119
0.6671591
0.6665040
0.6658468
0.6651873
0.6645256
0.6638617
0.6631955
0.6625271
0.6618564
0.6611835
0.6605083
0.6598308
0.6591511
0.6584691
0.6577848
0.6570982
0.6564093
0.6557181
0.6550246
0.6543288
0.6536306
0.6529302
0.6522274
0.6515222
0.6508147
0.6501049
0.6493927
0.6486782
0.6479613
0.6472420
0.6465203
0.6457963
0.6450698

0.9758425
0.9758656
0.9758887
0.9759120
0.9759353
0.9759588
0.9759823
0.9760059
0.9760295
0.9760533
0.9760771
0.9761010
0.9761250
0.9761490
0.9761732
0.9761974
0.9762217
0.9762461
0.9762706
0.9762951
0.9763197
0.9763445
0.9763693
0.9763941
0.9764191
0.9764442
0.9764693
0.9764945
0.9765198
0.9765452
0.9765707
0.9765962
0.9766219
0.9766476
0.9766734
0.9766993
0.9767253
0.9767513
0.9767775

0.0200000
0.0400000
0.0600000
0.0800000
0.1000000
0.1200000
0.1400000
0.1600000
0.1800000
0.2000000
0.2200000
0.2400000
0.2600000
0.2800000
0.3000000
0.3200000
0.3400000
0.3600000
0.3800000
0.4000000
0.4200000
0.4400000
0.4600000
0.4800000
0.5000000
0.5200000
0.5400000
0.5600000
0.5800000
0.6000000
0.6200000
0.6400000
0.6600000
0.6800000
0.7000000
0.7200000
0.7400000
0.7600000
0.7800000

v =1-0. 036*Fr




Tablo 2.1 (Devam)

21

Z

/)

Fr

78

ZAL/MD

0.8280972
0.8284203
0.8287442
0.8290692
0.8293951
0.8297219
0.8300497
0.8303784
0.8307081
0.8310387
0.8313703
0.8317028
0.8320363
0.8323708
0.8327062
0.8330425
0.8333798
0.8337181
0.8340573
0.8343975
0.8347386
0.8350807
0.8354238
0.8357678
0.8361128
0.8364587
0.8368056
0.8371534
0.8375022
0.8378519
0.8382026
0.8385543
0.8389069
0.8392605
0.8396151
0.8399706
0.8403270
0.8406844
0.8410428
0.8414021
0.8417624
0.8421237
0.8424859
0.8428490

0.8284203
0.8287442
0.8290692
0.8293951
0.8297219
0.8300497
0.8303784
0.8307081
0.8310387
0.8313703
0.8317028
0.8320363
0.8323708
0.8327062
0.8330425
0.8333798
0.8337181
0.8340573
0.8343975
0.8347386
0.8350807
0.8354238
0.8357678
0.8361128
0.8364587
0.8368056
0.8371534
0.8375022
0.8378519
0.8382026
0.8385543
0.8389069
0.8392605
0.8396151
0.8399706
0.8403270
0.8406844
0.8410428
0.8414021
0.8417624
0.8421237
0.8424859
0.8428490
0.843213}

0.6443410
0.6436098
0.6428762
0.6421401
0.6414017
0.6406608
0.6399175
0.6391717
0.6384235
0.6376729
0.6369198
0.6361643
0.6354063
0.6346459
0.6338829
0.6331175
0.6323496
0.6315793
0.6308064
0.6300310
0.6292531
0.6284728
0.6276899
0.6269044
0.6261165
0.6253260
0.6245330
0.6237375
0.6229394
0.6221387
0.6213355
0.6205298
0.6197214
0.6189105
0.6180970
0.6172810
0.6164623
0.6156411
0.6148172
0.6139908
0.6131617
0.6123301
0.6114958

0.6106589

0.9768037
0.9768300
0.9768565
0.9768830
0.9769095
0.9769362
0.9769630
0.9769898
0.9770168
0.9770438
0.9770709
0.9770981
0.9771254
0.9771527
0.9771802
0.9772078
0.9772354
0.9772631
0.9772910
0.9773189
0.9773469
0.9773750
0.9774032
0.9774314
0.9774598
0.9774883
0.9775168
0.9775455
0.9775742
0.9776030
0.9776319
0.9776609
0.9776900
0.9777192
0.9777485
0.9777779
0.9778074
0.9778369
0.9778666
0.9778963
0.9779262
0.9779561
0.9779862

0.9780163

0.8000000
0.8200000
0.8400000
0.8600000
0.8800000
0.9000000
0.9200000
0.9400000
0.9600000
0.9800000
1.0000000
1.0200000
1.0400000
1.0600000
1.0800000
1.1000000
1.1200000
1.1400000
1.1600000
1.1800000
1.2000000
1.2200000
1.2400000
1.2600000
1.2800000
1.3000000°
1.3200000
1.3400000
1.3600000
1.3800000
1.4000000
1.4200000
1.4400000
1.4600000
1.4800000
1.5000000
1.5200000
1.5400000
1.5600000
1.5800000
1.6000000
1.6200000
1.6400000
1.660000




Tablo 2.1 (Devam)

22

Z

Z

Fr

4

AL/Db

0.8432131
0.8435782
0.8439442
0.8443111
0.8446791
0.8450479
0.8454177
0.8457885
0.8461602
0.8465329
0.8469065
0.8472811
0.8476566
0.8480330
0.8484104
0.8487888
0.8491680
0.8495483
0.8499294
0.8503115
0.8506945
0.8510785
0.8514634
0.8518493
0.8522360
0.8526237
0.8530124
0.8534019
0.8537924
0.8541838
0.8545761
0.8549694
0.8553635
0.8557586
0.8561546
0.8565515
0.8569493
0.8573480
0.8577477
0.8581482
0.8585496
0.8589520
0.8593552

0.8435782
0.8439442
0.8443111
0.8446791
0.8450479
0.8454177
0.8457885
0.8461602
0.8465329
0.8469065
0.8472811
0.8476566
0.8480330
0.8484104
0.8487888
0.8491680
0.8495483
0.8499294
0.8503115
0.8506945
0.8510785
0.8514634
0.8518493
0.8522360
0.8526237
0.8530124
0.8534019
0.8537924
0.8541838
0.8545761
0.8549694
0.8553635
0.8557586
0.8561546
0.8565515
0.8569493
0.8573480
0.8577477
0.8581482
0.8585496
0.8589520
0.8593552
0.8597593

0.6098194
0.6089772
0.6081324
0.6072849
0.6064348
0.6055821
0.6047267
0.6038686
0.6030079
0.6021445
0.6012784
0.6004097
0.5995382
0.5986641
0.5977873
0.5969078
0.5960255
0.5951406
0.5942530
0.5933626
0.5924695
0.5915737
0.5906752
0.5897739
0.5888699
0.5879631
0.5870536
0.5861413
0.5852263
0.5843086
0.5833880
0.5824647
0.5815386
0.5806098
0.5796781
0.5787437
0.5778065
0.5768665
0.5759237
0.5749781
0.5740297
0.5730784
0.5721244

0.9780465
0.9780768
0.9781072
0.9781377
0.9781683
0.9781990
0.9782298
0.9782607
0.9782917
0.9783228
0.9783540
0.9783833
0.9784166
0.9784481
0.9784797
0.9785113
0.9785431
0.9785749
0.9786069
0.9786389
0.9786711
0.9787033
0.9787357
0.9787681
0.9788007
0.9788333
0.9788661
0.9788989
0.9789319
0.9789649
0.9789980
0.9790313
0.9790646
0.9790980
0.9791316
0.9791652
0.9791990
0.9792328
0.9792667
0.9793008
0.9793349
0.9793692
0.9794035

1.6800000
1.7000000
1.7200000
1.7400000
1.7600000
1.7800000
1.8000000
1.8200000
1.8400000
1.8600000
1.8800000
1.9000000
1.9200000
1.9400000
1.9600000
1.9800000
2.0000000
2.0200000
2.0400000
2.0600000
2.0800000
2.1000000
2.1200000
2.1400000
2.1600000
2.1800000
2.2000000
2.2200000
2.2400000
2.2600000
2.2800000
2.3000000
2.3200000
2.3400000
2.3600000
2.3800000
2.4000000
2.4200000
2.4400000
2.4600000
2.4800000
2.5000000
2.5200000




Tablo 2.1 (Devam)

23

Z

z

Fr

7

ZAL/MD

0.8597593
0.8601644
0.8605703
0.8609771
0.8613848
0.8617933
0.8622028
0.8626131
0.8630243
0.8634364
0.8638493
0.8642631
0.8646778
0.8650933
0.8655097
0.8659269
0.8663450
0.8667640
0.8671837
0.8676044
0.8680258
0.8684481
0.8688712
0.8692952
0.8697199
0.8701455
0.8705719
0.8709991
0.8714272
0.8718560
0.8722856
0.8727160
0.8731472
0.8735792
0.8740120
0.8744456
0.8748799
0.8753150
0.8757509
0.8761875
0.8766249
0.8770630
0.8775019
0.8779415

0.8601644
0.8605703
0.8609771
0.8613848
0.8617933
0.8622028
0.8626131
0.8630243
0.8634364
0.8638493
0.8642631
0.8646778
0.8650933
0.8655097
0.8659269
0.8663450
0.8667640
0.8671837
0.8676044
0.8680258
0.8684481
0.8688712
0.8692952
0.8697199
0.8701455
0.8705719
0.8709991
0.8714272
0.8718560
0.8722856
0.8727160
0.8731472
0.8735792
0.8740120
0.8744456
0.8748799
0.8753150
0.8757509
0.8761875
0.8766249
0.8770630
0.8775019
0.8779415
0.8783819

0.5711676
0.5702079
0.5692454
0.5682801
0.5673119
0.5663409
0.5653671
0.5643904
0.5634109
0.5624286
0.5614433
0.5604553
0.5594643
0.5584705
0.5574739
0.5564744
0.5554720
0.5544667
0.5534585
0.5524475
0.5514335
0.5504167
0.5493970
0.5483744
0.5473489
0.5463205
0.5452892
0.5442550
0.5432179
0.5421779
0.5411349
0.5400891
0.5390403
0.5379886
0.5369339
0.5358764
0.5348159
0.5337525
0.5326861
0.5316168
0.5305446
0.5294694
0.5283913
0.5273102

0.9794380
0.9794725
0.9795072
0.9795419
0.9795768
0.9796117
0.9796468
0.9796819
0.9797172
0.9797526
0.9797880
0.9798236
0.9798593
0.9798951
0.9799309
0.9799669
0.9800030
0.9800392
0.9800755
0.9801119
0.9801484
0.9801850
0.9802217
0.9802585
0.9802954
0.9803325
0.9803696
0.9804068
0.9804442
0.9804816
0.9805191
0.9805568
0.9805946
0.9806324
0.9806704
0.9807085
0.9807466
0.9807849
0.9808233
0.9808618
0.9809004
0.9809391
0.9809779
0.9810168

2.5400000
2.5600000
2.5800000
2.6000000
2.6200000
2.6400000
2.6600000
2.6800000
2.7000000
2.7200000
2.7400000
2.7600000
2.7800000
2.8000000
2.8200000
2.8400000
2.8600000
2.8800000
2.9000000
2.9200000
2.9400000
2.9600000
2.9800000
3.0000000
3.0200000
3.0400000
3.0600000
3.0800000
3.1000000
3.1200000
3.1400000
3.1600000
3.1800000
3.2000000
3.2200000
3.2400000
3.2600000
3.2800000
3.3000000
3.3200000
3.3400000
3.3600000
3.3800000
3.4000000




Tablo 2.1 (Devam)

24

Zy

z

Fr

|4

2ZAL/MDb

0.8783819
0.8788230
0.8792648
0.8797073
0.8801506
0.8805945
0.8810392
0.8814846
0.8819306
0.8823774
0.8828248
0.8832729
0.8837217
0.8841711
0.8846213
0.8850720
0.8855234
0.8859755
0.8864282
0.8868815
0.8873354
0.8877900
0.8882452
0.8887009
0.8891573
0.8896143
0.8900718
0.8905299
0.8909886
0.8914479
0.8919077
0.8923681
0.8928290
0.8932904
0.8937524
0.8942149
0.8946779
0.8951414
0.8956054
0.8960699
0.8965349
0.8970003
0.8974662

0.8788230
0.8792648
0.8797073
0.8801506
0.8805945
0.8810392
0.8814846
0.8819306
0.8823774
0.8828248
0.8832729
0.8837217
0.8841711
0.8846213
0.8850720
0.8855234
0.8859755
0.8864282
0.8868815
0.8873354
0.8877900
0.8882452
0.8887009
0.8891573
0.8896143
0.8900718
0.8905299
0.8909886
0.8914479
0.8919077
0.8923681
0.8928290
0.8932904
0.8937524
0.8942149
0.8946779
0.8951414
0.8956054
0.8960699
0.8965349
0.8970003
0.8974662
0.8979326

0.5262262
0.5251392
0.5240493
0.5229564
0.5218606
0.5207618
0.5196601
0.5185554
0.5174477
0.5163370
0.5152234
0.5141068
0.5129873
0.5118647
0.5107392
0.5096108
0.5084793
0.5073449
0.5062075
0.5050671
0.5039237
0.5027773
0.5016280
0.5004756
0.4993203
0.4981620
0.4970007
0.4958364
0.4946691
0.4934988
0.4923256
0.4911493
0.4899700
0.4887878
0.4876025
0.4864143
0.4852230
0.4840288
0.4828316
0.4816313
0.4804281
0.4792219
0.4780126

0.9810559
0.9810950
0.9811342
0.9811736
0.9812130
0.9812526
0.9812922
0.9813320
0.9813719
0.9814119
0.9814520
0.9814922
0.9815325
0.9815729
0.9816134
0.9816540
0.9816947
0.9817356
0.9817765
0.9818176
0.9818587
0.9819000
0.9819414
0.9819829
0.9820245
0.9820662
0.9821080
0.9821499
0.9821919
0.9822340
0.9822763
0.9823186
0.9823611
0.9824036
0.9824463
0.9824891
0.9825320
0.9825750
0.9826181
0.9826613
0.9827046
0.9827480
0.9827915

3.4200000
3.4400000
3.4600000
3.4800000
3.5000000
3.5200000
3.5400000
3.5600000
3.5800000
3.6000000
3.6200000
3.6400000
3.6600000
3.6800000
3.7000000
3.7200000
3.7400000
3.7600000
3.7800000
3.8000000
3.8200000
3.8400000
3.8600000
3.8800000
3.9000000
3.9200000
3.9400000
3.9600000
3.9800000
4.0000000
4.0200000
4.0400000
4.0600000
4.0800000
4.1000000
4.1200000
4.1400000
4.1600000
4.1800000
4.2000000
4.2200000
4.2400000
4.2600000




Tablo 2.1 (Devam)

25

Z

Y 5

Fr

v

ZALMD

0.8979326
0.8983994
0.8988667
0.8993344
0.8998025
0.9002711
0.9007400
0.9012094
0.9016791
0.9021493
0.9026198
0.9030906
0.9035619
0.9040334
0.9045053
0.9049776
0.9054501
0.9059230
0.9063962
0.9068696
0.9073434
0.9078174
0.9082917
0.9087662
0.9092410
0.9097160
0.9101912
0.9106666
0.9111423
0.9116181
0.9120941
0.9125703
0.9130467
0.9135232
0.9139998
0.9144766
0.9149535
0.9154305
0.9159075
0.9163847
0.9168620
0.9173393
0.9178166

0.8983994
0.8988667
0.8993344
0.8998025
0.9002711
0.9007400
0.9012094
0.9016791
0.9021493
0.9026198
0.9030906
0.9035619
0.9040334
0.9045053
0.9049776
0.9054501
0.9059230
0.9063962
0.9068696
0.9073434
0.9078174
0.9082917
0.9087662
0.9092410
0.9097160
0.9101912
0.9106666
0.9111423
0.9116181
0.9120941
0.9125703
0.9130467
0.9135232
0.9139998
0.9144766
0.9149535
0.9154305
0.9159075
0.9163847
0.9168620
0.9173393
0.9178166
0.9182940

0.4768004
0.4755852
0.4743669
0.4731457
0.4719215
0.4706942
0.4694640
0.4682308
0.4669946
0.4657553
0.4645131
0.4632679
0.4620197
0.4607684
0.4595142
0.4582570
0.4569968
0.4557336
0.4544674
0.4531983
0.4519261
0.4506509
0.4493728
0.4480916
0.4468075
0.4455204
0.4442303
0.4429372
0.4416411
0.4403421
0.4390400
0.4377350
0.4364270
0.4351161
0.4338021
0.4324852
0.4311653
0.4298425
0.4285167
0.4271879
0.4258561
0.4245214
0.4231838

0.9828352
0.9828789
0.9829228
0.9829668
0.9830108
0.9830550
0.9830993
0.9831437
0.9831882
0.9832328
0.9832775
0.9833224
0.9833673
0.9834123
0.9834575
0.9835027
0.9835481
0.9835936
0.9836392
0.9836849
0.9837307
0.9837766
0.9838226
0.9838687
0.9839149
0.9839613
0.9840077
0.9840543
0.9841009
0.9841477
0.9841946
0.9842415
0.9842886
0.9843358
0.9843831
0.9844305
0.9844780
0.9845257
0.9845734
0.9846212
0.9846692
0.9847172
0.9847654

4.2800000
4.3000000
4.3200000
4.3400000
4.3600000
4.3800000
4.4000000
4.4200000
4.4400000
4.4600000
4.4800000
4.5000000
4.5200000
4.5400000
4.5600000
4.5800000
4.6000000
4.6200000
4.6400000
4.6600000
4.6800000
4.7000000
4.7200000
4.7400000
4.7600000
4.7800000
4.8000000
4.8200000
4.8400000
4.8600000
4.8800000
4.9000000
4.9200000
4.9400000
4.9600000
4.9800000
5.0000000
5.0200000
5.0400000
5.0600000
5.0800000
5.1000000
5.1200000




Tablo 2.1 (Devam)

26

7z

Zy

Fr

y

ZAL/D

0.9182940
0.9187715
0.9192489
0.9197264
0.9202038
0.9206813
0.9211587
0.9216360
0.9221133
0.9225906
0.9230677
0.9235448
0.9240218
0.9244986
0.9249753
0.9254519
0.9259284
0.9264046
0.9268807
0.9273566
0.9278323
0.9283078
0.9287830
0.9292581
0.9297328
0.9302073
0.9306815
0.9311554
0.9316290
0.9321022
0.9325752
0.9330478
0.9335200
0.9339918
0.9344633
0.9349343
0.9354049
0.9358751
0.9363449
0.9368141
0.9372829
0.9377512
0.9382190
0.9386863

0.9187715
0.9192489
0.9197264
0.9202038
0.9206813
0.9211587
0.9216360
0.9221133
0.9225906
0.9230677
0.9235448
0.9240218
0.9244986
0.9249753
0.9254519
0.9259284
0.9264046
0.9268807
0.9273566
0.9278323
0.9283078
0.9287830
0.9292581
0.9297328
0.9302073
0.9306815
0.9311554
0.9316290
0.9321022
0.9325752
0.9330478
0.9335200
0.9339918
0.9344633
0.9349343
0.9354049
0.9358751
0.9363449
0.9368141
0.9372829
0.9377512
0.9382190
0.9386863
0.9391531

0.4218431

0.4204995
0.4191530
0.4178035
0.4164511

0.4150957
0.4137374
0.4123761
0.4110120
0.4096448
0.4082747
0.4069018
0.4055258
0.4041470
0.4027652
0.4013805
0.3999929
0.3986024
0.3972090
0.3958126
0.3944134
0.3930112
0.3916062
0.3901983
0.3887874
0.3873737
0.3859571
0.3845377
0.3831153
0.3816901
0.3802620
0.3788311
0.3773973
0.3759606
0.3745211
0.3730787
0.3716335
0.3701854
0.3687345
0.3672808
0.3658243
0.3643649
0.3629027
0.3614377

0.9848136
0.9848620
0.9849105
0.9849591
0.9850078
0.9850566
0.9851055
0.9851545
0.9852036
0.9852528
0.9853021
0.9853515
0.9854011
0.9854507
0.9855005
0.9855503
0.9856003
0.9856503
0.9857005
0.9857507
0.9858011
0.9858516
0.9859022
0.9859529
0.9860037
0.9860545
0.9861055
0.9861566
0.9862078
0.9862592
0.9863106
0.9863621
0.9864137
0.9864654
0.9865172
0.9865692
0.9866212
0.9866733
0.9867256
0.9867779
0.9868303
0.9868829
0.9869355
0.9869882

5.1400000
5.1600000
5.1800000
5.2000000
5.2200000
5.2400000
5.2600000
5.2800000
5.3000000
5.3200000
5.3400000
5.3600000
5.3800000
5.4000000
5.4200000
5.4400000
5.4600000
5.4800000
5.5000000
5.5200000
5.5400000
5.5600000
5.5800000
5.6000000
5.6200000
5.6400000
5.6600000
5.6800000
5.7000000
5.7200000
5.7400000
5.7600000
5.7800000
5.8000000
5.8200000
5.8400000
5.8600000
5.8800000
5.9000000
5.9200000
5.9400000
5.9600000
5.9800000
6.0000000
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Tablo 2.2 Ek A’da verilen program yardimiyla hesaplanan
ZAL/b=F(z, AL/b,p/E) fonksiyonu

7, = 08162442 ;

p/E=0.70105820 ; AL/b=0.04 ;

Z

z;

Fr

W

2XAL/b

0.8162442
0.8168189
0.8173973
0.8179793
0.8185649
0.8191541
0.8197470
0.8203436
0.8209439
0.8215478
0.8221554
0.8227668
0.8233819
0.8240007
0.8246232
0.8252495
0.8258795
0.8265133
0.8271508
0.8277922
0.8284373
0.8290862
0.8297389
0.8303953
0.8310556
0.8317197
0.8323876
0.8330593
0.8337349
0.8344143
0.8350974
0.8357845
0.8364753
0.8371700
0.8378685
0.8385708
0.8392770
0.8399870
0.8407008

0.8168189
0.8173973
0.8179793
0.8185649
0.8191541
0.8197470
0.8203436
0.8209439
0.8215478
0.8221554
0.8227668
0.8233819
0.8240007
0.8246232
0.8252495
0.8258795
0.8265133
0.8271508
0.8277922
0.8284373
0.8290862
0.8297389
0.8303953
0.8310556
0.8317197
0.8323876
0.8330593
0.8337349
0.8344143
0.8350974
0.8357845
0.8364753
0.8371700
0.8378685
0.8385708
0.8392770
0.8399870
0.8407008
0.8414184

0.6710046
0.6697186
0.6684240
0.6671205
0.6658082
0.6644870
0.6631569
0.6618178
0.6604697
0.6591125
0.6577462
0.6563707
0.6549860
0.6535920
0.6521887
0.6507761
0.6493541
0.6479227
0.6464818
0.6450313
0.6435713
0.6421016
0.6406223
0.6391333
0.6376345
0.6361260
0.6346075
0.6330792
0.6315410
0.6299928
0.6284346
0.6268664
0.6252880
0.6236995
0.6221009
0.6204920
0.6188728
0.6172433
0.6156035

0.9758438
0.9758901
0.9759367
0.9759837
0.9760309
0.9760785
0.9761264
0.9761746
0.9762231
0.9762720
0.9763211
0.9763707
0.9764205
0.9764707
0.9765212
0.9765721
0.9766233
0.9766748
0.9767267
0.9767789
0.9768314
0.9768843
0.9769376
0.9769912
0.9770452
0.9770995
0.9771541
0.9772091
0.9772645
0.9773203
0.9773764
0.9774328
0.9774896
0.9775468
0.9776044
0.9776623
0.9777206
0.9777792
0.9778383

0.0400000
0.0800000
0.1200000
0.1600000
0.2000000
0.2400000
0.2800000
0.3200000
0.3600000
0.4000000
0.4400000
0.4800000
0.5200000
0.5600000
0.6000000
0.6400000
0.6800000
0.7200000
0.7600000
0.8000000
0.8400000
0.8800000
0.9200000
0.9600000
1.0000000
1.0400000
1.0800000
1.1200000
1.1600000
1.2000000
1.2400000
1.2800000
1.3200000
1.3600000
1.4000000
1.4400000
1.4800000
1.5200000
1.5600000

¥ =1-0. 036*Fr
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Z

z;

Fr

y

ZAL/MD

0.8414184
0.8421399
0.8428652
0.8435943
0.8443272
0.8450639
0.8458045
0.8465488
0.8472969
0.8480488
0.8488044
0.8495639
0.8503270
0.8510940
0.8518646
0.8526390
0.8534171
0.8541989
0.8549844
0.8557736
0.8565664
0.8573628
0.8581629
0.8589666
0.8597738
0.8605847
0.8613991
0.8622170
0.8630384
0.8638633
0.8646917
0.8655235
0.8663587
0.8671973
0.8680392
0.8688845
0.8697331
0.8705850
0.8714401
0.8722984
0.8731599
0.8740246
0.8748923
0.8757632

0.8421399
0.8428652
0.8435943
0.8443272
0.8450639
0.8458045
0.8465488
0.8472969
0.8480488
0.8488044
0.8495639
0.8503270
0.8510940
0.8518646
0.8526390
0.8534171
0.8541989
0.8549844
0.8557736
0.8565664
0.8573628
0.8581629
0.8589666
0.8597738
0.8605847
0.8613991
0.8622170
0.8630384
0.8638633
0.8646917
0.8655235
0.8663587
0.8671973
0.8680392
0.8688845
0.8697331
0.8705850
0.8714401
0.8722984
0.8731599
0.8740246
0.8748923
0.8757632
0.8766371

0.6139533
0.6122927
0.6106216
0.6089400
0.6072478
0.6055451
0.6038317
0.6021077
0.6003730
0.5986275
0.5968713
0.5951043
0.5933264
0.5915376
0.5897379
0.5879273
0.5861057
0.5842730
0.5824293
0.5805746
0.5787087
0.5768316
0.5749434
0.5730439
0.5711332
0.5692112
0.5672779
0.5653333
0.5633773
0.5614099
0.5594311
0.5574409
0.5554392
0.5534260
0.5514012
0.5493649
0.5473171
0.5452576
0.5431865
0.5411038
0.5390094
0.5369033
0.5347855
0.5326560

0.9778977
0.9779575
0.9780176
0.9780782
0.9781391
0.9782004
0.9782621
0.9783241
0.9783866
0.9784494
0.9785126
0.9785762
0.9786403
0.9787046
0.9787694
0.9788346
0.9789002
0.9789662
0.9790325
0.9790993
0.9791665
0.9792341
0.9793020
0.9793704
0.9794392
0.9795084
0.9795780
0.9796480
0.9797184
0.9797892
0.9798605
0.9799321
0.9800042
0.9800767
0.9801496
0.9802229
0.9802966
0.9803707
0.9804453
0.9805203
0.9805957
0.9806715
0.9807477
0.9808244

1.6000000
1.6400000
1.6800000
1.7200000
1.7600000
1.8000000
1.8400000
1.8800000
1.9200000
1.9600000
2.0000000
2.0400000
2.0800000
2.1200000
2.1600000
2.2000000
2.2400000
2.2800000
2.3200000
2.3600000
2.4000000
2.4400000
2.4800000
2.5200000
2.5600000
2.6000000
2.6400000
2.6800000
2.7200000
2.7600000
2.8000000
2.8400000
2.8800000
2.9200000
2.9600000
3.0000000
3.0400000
3.0800000
3.1200000
3.1600000
3.2000000
3.2400000
3.2800000
3.3200000




Tablo 2.1 (Devam)

29

Z

Z;

Fr

4

2AL/b

0.8766371
0.8775139
0.8783938
0.8792765
0.8801622
0.8810507
0.8819419
0.8828360
0.8837327
0.8846321
0.8855341
0.8864387
0.8873458
0.8882554
0.8891674
0.8900817
0.8909984
0.8919173
0.8928384
0.8937616
0.8946870
0.8956143
0.8965436
0.8974748
0.8984078
0.8993426
0.9002791
0.9012172
0.9021569
0.9030981
0.9040407
0.9049847
0.9059299
0.9068764
0.9078239
0.9087725
0.9097221
0.9106726
0.9116239
0.9125759
0.9135285
0.9144817
0.9154354
0.9163895

0.8775139
0.8783938
0.8792765
0.8801622
0.8810507
0.8819419
0.8828360
0.8837327
0.8846321
0.8855341
0.8864387
0.8873458
0.8882554
0.8891674
0.8900817
0.8909984
0.8919173
0.8928384
0.8937616
0.8946870
0.8956143
0.8965436
0.8974748
0.8984078
0.8993426
0.9002791
0.9012172
0.9021569
0.9030981
0.9040407
0.9049847
0.9059299
0.9068764
0.9078239
0.9087725
0.9097221
0.9106726
0.9116239
0.9125759
0.9135285
0.9144817
0.9154354
0.9163895
0.9173439

0.5305147
0.5283617
0.5261969
0.5240203
0.5218319
0.5196316
0.5174196
0.5151956
0.5129598

0.5107121

0.5084524
0.5061809
0.5038975
0.5016021
0.4992948
0.4969755
0.4946443
0.4923011
0.4899459
0.4875788
0.4851997
0.4828086
0.4804055
0.4779904
0.4755633
0.4731243
0.4706732
0.4682102

10.4657351

0.4632481
0.4607491
0.4582381
0.4557151
0.4531802
0.4506333
0.4480745
0.4455037
0.4429210
0.4403263
0.4377197
0.4351013
0.4324709
0.4298287
0.4271745

0.9809015
0.9809790
0.9810569
0.9811353
0.9812141
0.9812933
0.9813729
0.9814530
0.9815334
0.9816144
0.9816957
0.9817775
0.9818597
0.9819423
0.9820254
0.9821089
0.9821928
0.9822772
0.9823619
0.9824472
0.9825328
0.9826189
0.9827054
0.9827923
0.9828797
0.9829675
0.9830558
0.9831444
0.9832335
0.9833231
0.9834130
0.9835034
0.9835943
0.9836855
0.9837772
0.9838693
0.9839619
0.9840548
0.9841483
0.9842421
0.9843364
0.9844310
0.9845262
0.9846217

3.3600000
3.4000000
3.4400000
3.4800000
3.5200000
3.5600000
3.6000000
3.6400000
3.6800000
3.7200000
3.7600000
3.8000000
3.8400000
3.8800000
3.9200000
3.9600000
4.0000000
4.0400000
4.0800000
4.1200000
4.1600000
4.2000000
4.2400000
4.2800000
4.3200000
4.3600000
4.4000000
4.4400000
4.4800000
4.5200000
4.5600000
4.6000000
4.6400000
4.6800000
4.7200000
4.7600000
4.8000000
4.8400000
4.8800000
4.9200000
4.9600000
5.0000000
5.0400000
5.0800000
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3

z

Fr

14

2ZALMD

0.9173439
0.9182984
0.9192531
0.9202078
0.9211624
0.9221169
0.9230711
0.9240249
0.9249783
0.9259311
0.9268833
0.9278347
0.9287852
0.9297348
0.9306832
0.9316305
0.9325765
0.9335211
0.9344642
0.9354057
0.9363454
0.9372833
0.9382192

0.9182984
0.9192531
0.9202078
0.9211624
0.9221169
0.9230711
0.9240249
0.9249783
0.9259311
0.9268833
0.9278347
0.9287852
0.9297348
0.9306832
0.9316305
0.9325765
0.9335211
0.9344642
0.9354057
0.9363454
0.9372833
0.9382192
0.9391530

0.4245086
0.4218308
0.4191412
0.4164398
0.4137266
0.4110017
0.4082650
0.4055167
0.4027566
0.3999848
0.3972014
0.3944064
0.3915998
0.3887816
0.3859519
0.3831107
0.3802579
0.3773938
0.3745182
0.3716312
0.3687328
0.3658232
0.3629022

0.9847177
0.9848141
0.9849109
0.9850082
0.9851058
0.9852039
0.9853025
0.9854014
0.9855008
0.9856005
0.9857007
0.9858014
0.9859024
0.9860039
0.9861057
0.9862080
0.9863107
0.9864138
0.9865173
0.9866213
0.9867256
0.9868304
0.9869355

5.1200000
5.1600000
5.2000000
5.2400000
5.2800000
5.3200000
5.3600000
5.4000000
5.4400000
5.4800000
5.5200000
5.5600000
5.6000000
5.6400000
5.6800000
5.7200000
5.7600000
5.8000000
5.8400000
5.8800000
5.9200000
5.9600000
6.0000000

2.1.5 Dikdortgen Savak Formiiliiyle Yaklasik Hesap

Literatirde ¢gok kullamlan bu hesap metodunda, kanalda Q; debisine kargilik gelen
h; tniform su derinlifinden savagin esik yiiksekligi ¢ikanlarak bulunan h savak yiikii

serbest naph savaklara ait,

0,-0,=CLh” (2.25)

C 1.8

denkleminde yerine konarak L savak uzunlugu bulunur. Cogunlukla
alinmaktadir (Imhoff, 1979 ; Fair-Geyer ve Muslu,1980 ).
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Misal 2.5

Misal 2.1°de verilen doneler igin giris debisinin Q;=0.18 m*/ s, kanal genisli3inin b=
0.5 m, savak yiiksekliginin p = 0.265 m, gikis debisinin Q, = 0.12 m* / s olmasi

durumunda L savak uzunlugunu bulunuz.
Coziimii :

1. Once savagin memba tarafinda Manning formiilii kullanilarak (iniform akim

kabuliiyle h; su derinligi hesaplanir:

1
Q= ;RZ”J”ZA (2.26)

Burada Q,=0.18 m*/s
n=0.013
A=h;(0.5)
J=0.00l m/m

_ _(05)h,
' 05+2h,

olarak verilmektedir. Bu degerler (2.26)’da yerine konursa,

1 (O3 Y
018= e (2,“ 0.5) (0.001) “ (05)h,

/3

035,

14799 =| —21
014799 (Zh1 +05 h

h, =04905 m bulunur.
2. (2.25) bagintis1 yardimiyla L savak uzunlugu bulunur.

0-0,=CL h*
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018-0.12 =18 L(0.4905 - 0.265)

L=031m

Gorildiigii tizere bu metod, Boliim 2’de incelenen diger metodlann takriben onda
birine esit bir savak uzunlugu vermektedir. Bu incelememizin gayelerinden biri de
metodlar arasindaki bu farki belirtmektir. Bu sonuncu metod bilhassa gok yaklagik
olup savaklanan debiyi gok yanls olarak ifade eder. Gergekten Misal 2.1°deki gibi
savak uzunlugu L =3.0 m alinirsa,

0, -0, =18(3)(0.4905-0265)"" =0578 m* / s

olur ki girig debisinden ¢ok biiyiik bir debinin savaklanmas: gerekir (0.180 < 0.578).
Bu ise imkansizdir. Bu sebeple, bu metoda gore L = 3.0 m alinamaz (Yukanda L =

0.31 m bulunmugtur).
2.2 Alcalan Su Yiizeyi Profiline Gore Dolu Savaklarin Hesabi

Bu hesap metodu  Ackers (1957) tarafindan gelistirilmis ve daha sonra
Tchobanoglous (1981) tarafindan kullanilmigtir (Muslu ,1985). Algalan su yiizeyi
profili altinda bulunan savaklar igin Bernoulli denkleminden hareketle Ackers
tarafindan geligtirilen bagint:

-

[T

L =203b4242

04
—0.948cos™ \ ’— +0.065
\ L n2 J)

seklinde yazilabilir (Sekil 2.3’e bkz). Burada,

Jn, —04 (1—0.475—} 0.310—14,ll

w w

, (2.27)

L = Savak Uzunlugu (m)
b =Kanal Genigligt (m)
= h; / h;
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Enerfi Gizgisi

|

| v

L Ew =14-——+095h,
{ _
I

l Kanal Sit:

Sekil 2.3 Algalan su yiizeyi profiline gore dolu savaklar tizerindeki akim

k! = Savak baslangicinda su yiiziiniin savak sirtindan yitksekligi (m)
h; = Savak sonunda su yiiziiniin savak sirtindan yiiksekligi (m)

p = Kanal tabanindan itibaren savak yiiksekligi (m)

E. = Savak sirtindan itibaren 6l¢iillen 6zgiil enerji yiksekligi (m)

E = Kanal tabanindan itibaren 6lgiilen 6zgil enerji yiiksekligi (m)
d, = Kanal tabanindan itibaren dlgiilen su yitksekligi (m)

olarak verilmektedir. Ackers, gerekli savak uzunlugunun Sekil 2.4’de gosterilen
grafik yardimiyla bulunabilecegini gostermigtir. Grafikte, secilecek olan n, degeri igin
p / Ey ve L / b arasindaki iliski gosterilmigtir. (2.27) bagintisindan elde edilen bu
diyagram, ozel olarak segilen, n» degerleri igin Tablo 2.3’deki bagintilarin da grafigini
gosterir. Ackers, hizin bir enkesitin ¢esitli noktalarinda degismesini , ortalama hizdan
hesaplanan hiz yiiksekligini bir ¢ katsays1 ile carparak goz oniine almis, akimin
tniform olmamas1 sebebiyle basing yilksekligini de bir o’ katsayisi ile garparak
diizeltmigtir.

Tablo 2.3 Gerekli savak uzunlugunu veren, Ackers’in (2.27) bagntist ile ifade
ettifi  dizayn denklemleri

n; Savak uzunlugu icin denklem

5 L =2.03B (2.81 -1.55 p/Ey)

7 L =2.03B (3.90-2.03 p[Ey)
10 L =2.03B (5.28 - 2.63 p/E,)
15 L=2.03B(7.23-3.45p/E,)
20 L=2.03B(887-4.13pE,)
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Ackers’in teklif ettigi savak sirtindan itibaren o6lglilen E,, 06zgiil enerji yiksekligi
agagidaki baginti ile ifade edilmektedir.

2

v, ,
E,=«a ;g—ﬂx (d,, —p) (2.28)

Burada o =Hiz yiiksekligi katsayisi
V. = Yaklagim kanalindaki normal iz (m/s)
o ‘= Basing ytiksekligi katsayist
d, = Yaklagim kanalindaki normal derinlik (m)

olarak verilmistir.  Ackers deneylerine dayanarak (X ve «’)’niin yaklasim
kanallarinda & = 1.2 ve o’ = 1.0, savagin mansabinda i1se &¢ = 1.4 ve o’ = 0.95

olarak alinabilecegini teklif etmektedir. Ayrica  ve A; degerleri igin

E
K=05E, ; K=3" (2.29)
2

bagmtilarinin mevcut oldugunu gostermektedir.
Misal 2.5

120 cm ¢apmnda mevcut bir kanalin bir birlesik sistem kanali olarak kullaniimasi
ve burada bir dolu savak ingasi istenmektedir. Maksimum kurak hava debisi Q, =
0.1419 m®/ sn, tasfiye tesisine gitmesine miisade edilen debi Q.= 5Q,= (5)(0.1419)
=0.7093 m® /sn ve maksimum yagigh hava debisi Q;= 1.853 m*/ sn’dir. Kanal egimi
0.003 m/m olup hesaplarda Manning formuli kullamlacaktir (n=0.01333).

Coziimii:

1. Manning formiili kullanilarak 120 cm ¢aph kanalin maksimum kapasitesini

bulunur:
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1 1 (012
V= ;RZB V2 = M(T) (0.003) Y2 16809 m/s

=19 m’ls

0.12)*
Q=VA=L68097r( 4)

2. Q;=1.853 m’ /s icin akimin hiz1 ve su yiiksekligi, kismen dolu kanallarda
Manning formilii kullamlarak elde edilen (2.30), (2.31), (2.32) bagintilar

yardimiyla bulunur.

7] d
cos; =1~ 25 (2.30)
R~ 360sin6 4 _( R )2’3 230
R, 276 ’ Viw R ‘
A 6 sinf Q Vv A
Apou T360 27 y Q.o 7, dots Aot (2.32)
0, 1853 d, ...
=——=09752 0 —=0.798 :
0. = 1900 olduguna gore D degeri icin

0
cos—z— =1-2(0.798) = 06=25317°

4, 25317 sin(25317)

= 08556
A 360 2z
R 360sin(253.17) Vi 23
=1- =12167 ; =(12167)"" =113971
R, 27 (253.17) ’ 9% ( )

d =(12)(0.798)=09576m , ¥, =(L13971)16809)=19157 m/s
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olur. Bu debi ve su derinligi i¢in akimin rejimini bulalim.

Q;=1.853 m*/s icin,

0 2/3
d =0.483(5) +0.083D

4

1853 Y
d, =0483 - |t (0.083)(12) = 745 mm

olarak bulunur. d, > d. yani 957 mm >745 mm oldugu igin akim nehir rejimindedir.

3.Q,=0.1419 m’/ s igin akimun su yiiksekligi ve hizi,

Q 01419
Qdolu 19

=00747 olduguna goére,

d
-5=0.185 degerine karst gelen V / Vg, oram  (2.30), (2.31),

bagintilan yardimiyla

V
—=05867 olarak bulunur. Buradan,
Vdolu

d=(12)(0185)=0222m , V =05867(1.6809)=09862 m/s
degerleri elde edilir. Bu sebeble savak yiksekliZi d=p=0.222m olur.
4. Savak hesabi igin,

a. Denklem (2.28) yardimiyla 6zgiil enerji (Ey ) hesaplanir :

(2.32)
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v, 19157)*
E, =a—+ a'(d,, - )= 12 (——Z—+(0.9576— 0222) =096 m
2g 2g
b. p/E, hesaplanir :
p 0222 o - .
Z =096 - 02313 < 0.6 oldugu icin alcalan su yiizii profili mevcuttur.

c. Gerekli savak uzunlugu hasaplamir. Bunun igin n, ’ye Oyle bir deger verilir
ki, hesaplanan Q, degeri 5Q,’ ye esit olsun. Denklem (2.27)’ de n, = 10 kabul

edilerek gerekli savak uzunlugu :

L=(2.03) b(5.28 —0263 -Ep—)

L=(203)(12)[528-(2.63)(02313)] =12.71 m

olarak elde edilir.
5. Aritma tesisine giden maksimum yagisli hava debisi hesaplanir :

a. Denklem (2.28) yardimiyla savak sonundaki hiz hesaplanir.

E, =09568= 1,45 (0.95) 0.9598
O T T ag N 20

V,>=12.81 ve V=3.579 m/s

b. Savak sonundaki derinlik .

H =05E, =(05)(096) =048 m
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d, =0222+0048 =027 m

¢. Antma tesisine giden debi:

4, 027 0225 igin 4,
—=—=0. i
D~ 12 ¢ A,

= 01683

A, =016837 (0.6)* =019 m*

0, =(019)(3579) =068 m*/ s

0.68m*/s <0.7m*/s oldugu igin hesap yeterlidir.
y

Problemin baglangicinda bulunan E, 6zgiil enerji yiiksekliginin dogrulugu savak
baslangicindaki E. degeriile kontrol edilirse, E,, degeri

di=p+h; =0222+048=0.702m

d, 0702 e . .

Bl = = 0585 degeriigin A/ Ay degeri (2.32) denklemiyle
406076

Adolu .

12)*
A, =(0.6076)x (——4)— =0.6868 m*
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V2 2.7)°
E,=127-+d -p=12 (——)—+(o.702— 0222) =0926 m
28 28

w

olarak elde edilir.



BOLUM 3

DEBIi DAGITIM KANALLARI iCIN
ANALITIK YAKLASIMLAR

Cevre miithendisliginde su ve atiksu aritma tesisleri 6nemli bir yer tutmaktadir. Bu
tesisleri olugturan havalanduma tanklar, ¢oktiirme havuzlari, flokilasyon havuzlan,
filtreler gibi aritma Uniteleri gogu zaman, ihtiyaci kargilamak tizere birden fazla sayida
ve birbirine paralel olarak inga edilmektedir. Birden fazla sayida paralel havuz veya
tankin mevcut olmast halinde, her bir havuza egit debi dagitimimn yapilmasi

istenmektedir.

‘LQ

1 Hoe{|2
i —Q No.1
8 H—e—|3
9 H—x—|4
1 —Q No.2
10 |5
11 -:ﬁx 6
] —Q No.3
12 {I—)(— 7
| v
]| — ]

Sekil 3.1 Dikdortgen ¢ékeltme havuzlan arasinda debi dagilimi
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Bu boliimde Camp (1961) tarafindan gelistirilen hesap metodu O6zetlenecektir.
Cikanlan denklemler genel olup, sular serbest yiizeyli kanallara bagh orifislerle
dagitilacag gibi, basingh bir boruya bagli orifislerle de dagitilabilmektedir (Muslu,
1985).

Esit bir dagilim igin biitiin ¢ikig savaklarinin birbirinin aym olmast ve ayni seviyede
inga edilmesi gerekmektedir. Ayrica her bir havuzun miugterek bir noktadan ayn
bir boru veya kanalla beslenmesi gerekir. Genel olarak girig borulan uzunlukga
birbirinden farkli olacagindan, hidrolik bakimdan birbirinin ayni olmasi i¢in, bunlarin
enkesitlerinin de birbirinden farklh olmasi lazzmdir. Projelendirmede girig borularm
hidrolik bakimdan birbirinin ayn1 yapmak gii¢ bir igtir. Ayrica her havuza ayn bir hat
baglamak da ¢ok pahalidir. Bu nedenle Camp $ekil 3.1°de gosterilen akim sistemini
tavsiye etmektedir. Ornek olmasi bakimindan, Sekil 3.1°de goriildiigii gibi ii¢ paralel
havuz olmast hali ele alinmugtir. Burada sular 6 adet orifis vasitasiyla dagitilmaktadir ve
1-12 borusu basingl borudur. Bununla beraber, bu sistemde eger giris deliklerinin
cap1 aynu ise, mitkemmel bir debi dagilim igin her girig delifinde meydana gelen yiik

kaybinin birbirine esit olmasi lazzmdir.

(AR),, =(A)g; =i, =(Ah),,, (G.1)

>

Bu egitligin  saglanmasi ise imkansizdir. Bu sebeple Camp yilkk kayiplarnin,
dolaystyla debilerin, kabul edilebilir bir toleransla esitli§i esasina gore hesap
yapilmasini tavsiye etmistir. Miisaade edilebilir bir debi degisimi i¢in ilk ve son orifis

arasinda keyfi olarak segilen bir M orami tammlanmugtir.

M= 90-2) (3.2)
9a2-n

1-12 No’lu su dagitma borusu veya kanalinda ana akis istikametinde iletilen sular
havuzlara girerken doniiy ve girig sirasinda hiz yiiksekligi kadar enerji kaybeder. Bu
sebeple orifis iizerindeki hidrolik yiik olarak piyozometre ¢izgisi (veya kanaldaki su
seviyesi) ile havuzdaki su seviyesi arasindaki digey mesafe almr. Yan savak
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seklindeki giriglerde ise benzer tarzda, kanaldaki su seviyesi ile savak kreti arasindaki

mesafe savak yiiki olarak alinir. Her bir orifisten gegen debi,

q=C,a\2gAh (3.3)

q = Orifisten gegen debi
Cq= Debi katsayist

a = Orifis alam
g = Yergekimi ivmesi
Ah = Hidrolik yiik

bagintisi ile hesaplanabilir. (3.3) bagmntist

1 2 _ g2
Ah=[m—a—2)q =kq 3.4)

sekiinde de ifade edilebilir. Buna gore su dagitan boru ve kanallarda piyozometre

¢izgisinin veya su ylizeyinin gidisi ile ilgili olarak iki hal karsimiza gikar:

3.1 Piyozometre Cizgisinin Alcalmas1 Halinde Giris Tertibatinin Hesab
(M>1 Hali)

Su dagitan boru veya kanahn boykesiti Sekil 3.2°de gosterilmigtir. Boru veya kanalin
bas ve sonundaki hizlan V, ve Vi, ile gosterildigine gore bu boru veya kanal boyunca
basinglar arasindaki fark, hy siirekli yiik kaybina egittir. Hesap kolayhigi bakimindan
h;, = hx alimir. Bu halde orifislerden gecen debi, ana akim dogrultusunda gittikge
azalir. M >1 olup hy = hg> 0 dir. Dagitilan debi gittikge azaldigindan havuzlardan
gegen debiler de kiigiilmektedir. (Q; > Q. > Qs;) Bu sebeple ¢ikis savaklar: iizerindeki
hidrolik yiikler de gittikge kiigilecektir. (H, > H, > Hs). Sekil 3.2°nin geometrisinden
yola gikilarak birinci orifisteki yitk kaybi,



K »
2g
B A
Enerji Cizgisi
by
by, (Ah) .,
Piyezometre
Cizgisi
34
e N 28
(Ah);2
~7
= %QT—
H'l = H3
7T %3 Havuzun savak
\ 1. Havuzun savak esigi e
Birinci Orifis Sonuncu

(D= = (O=

Sekil 3.2 Hiz yiiksekliginin , yitk kayb: yaminda kiigiik olmas: halinde, ilk ve son
orifis izerindeki hidrolik yiikiin degigimi.

Enerji Cizgisi 3
2 h
1
2g 4

Piyezometre Cizgisi

hy

D e eeu USSR TR
(Ah)y24
(Ah);. X
—= = \‘“H% Havuzun savak esigi
-_ I_II
1. Havuzun savak esigi
Birinci Orifis Sonuncu Orifis

O= O=

Sekil 3.3 Yiik kayiplannin hiz yiksekligi yaninda kiigiik olmas: halinde ilk ve
son orifis iizerindeki hidrolik yiikin degigimi
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(Ah,)l_z[Mz '1)= n, =(H -H,) 3.5)

bagintisiyla hesap edilir. Cikigta akim kontroli keskin kenarhi dikdortgen savaklarla
yapildig1 takdirde, birinci orifisteki yiik kayb1

M? MY
(Ah 1—2) =mhL "M -1

(M*” -1)H, (3.6)

seklinde ifade edilir.

3.2 Piyozometre Cizgisinin Yiikselmesi Halinde Giris Tertibatinin Hesabi
(M<1 Hali)

Bu halde, su dagitan boru veya kanalda, hiz yiksekligi akim boyunca fazla miktarda
azalir (Sekil 3.3 ). Bu durum daha ¢ok, su dagitan boru veya kanalin kisa ve bilyiik
olmas: halinde ortaya ¢ikar. Bu halde, kanal veya borunun debisi kiigiiliirken hiz
enerjisi basing enerjisine doniiglir.  Yani basinglar artar veya suyun bir kanalla
dagitiimas: halinde serbest su yizeyi yiikselir. Orifislerden gegen debiler, akim
yoniinde artar M < 1 olup, Q; < Q; < Qs dolayisiyla H; < H, < H; elde edilir. Sekil
3.3’de hx yik kaybr;

x“TEl2g 2g )7 l2g  2g 7

denklemi yardimiyla ve seklin geometrisinden de faydalanilarak h;, = hx bulunur.Bu
sebeple daha once ¢ikarnlan bagintilar bu halde de gegerlidir. Ancak hy yiik kaybina
esit olan hy, degerini bu sefer negatif igaretli olarak yerine koymak gerekir.

Yukarida verilen analitik ¢6ziimler yaklagik oldugundan, su yiizii profilini daha kesin
olarak elde etmek igin bilgisayar ¢oziimleri tizerinde galiglmigtir. Bu konu 4. ve 5.
boliimierde ele ahmmugtir.



BOLUM 4

L ARITMA TESISLERINDE
DEBI DAGITIM KANALLARININ BILGISAYARLA HESABI

Agik kanallar, su ve atiksu antma tesislerinde havalandirma tanklan, ¢oktiirme
havuziari, filtreler gibi paralel arntma unitelerine gelen debiyi dagitmak tizere
manifoldlardan daha fazla tercih edilirler. Bu amacla kullamilan agik kanallara debi
dagitim kanallani denmektedir. Bu tiir kanallarda akim kontroli, dikdértgen
savaklar, iiggen savaklar veya orifislerle yapimaktadir, Boliim 3’te de agiklandig
gibi, ideal bir debi dagilimi igin, savaklanan debilerin birbirine esit olmasi
gerekmektedir. Ancak bu durum, pratikte miimkiin olmamaktadir.

Bu boliimde Chao ve Trussell (1980) tarafindan dikdortgen kesitli yan savaklar igin
onerilen ve esaslan Kisim 2.1.3’de verilen yontemin bilgisayarla hesabi agiklanacaktir.
Yontemin amaci, Camp (1961) tarafindan Onerilen yonteme benzer olarak, her bir
savaktan ideale yakin bir debinin savaklanmasini saglamaktir. Bu amagla, hesabin
baglangicinda, her bir savaktan egit debi gegtigi kabul edilerek, (2.19) ifadesindeki su
yiiksekligi tizerine iterasyon iglemi uygulanmaktadir.

Bu yontemde Q dagitim kanalina girig debisi, b savak genisligi, p savak sirtiin kanal
tabanindan yiiksekligi, L savak uzunluu ve N; savak sayisi belirlenir. Baglangicta
her bir savaktan gegen debinin dafitim kanalina ginig debisinin ortalamasi oldugu
kabul edildiginden, herhangi bir savaktaki debi

(@) = CRY

olarak almr ve hesaba son savaktan baglamrr. Son savak baglangicindaki su
yiiksekliginin
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(), = p+0001' (4.2)
oldugu kabul edilerek, bu derinlige karsilik gelen hiz,

(V) _ (‘Ib)ﬁ, (4.3)
“ T ®)n,), ‘

ifadesiyle hesaplanir. (Burada 0.001' metre olarak iterasyondaki su yiiksekligi artimini
ifade etmektedir. Son savak baglangicinda Froude sayis1 (Fu)e da

),
(F), = AT} (4.4)

bagintisiyla hesaplamir. Son savaga ait C,, savak katsayist

C, =0611 1——3(—5’;)—f (4.5)
(F,) r+2

bagintist ile tahmin edilerek s6z konusu savaktan savaklanan debi

(@) =20 (W [m), -2 6

bagintisiyla belirlenir.  Su yiiksekliginin son savak boyunca sabit oldugu kabul
edilmektedir. Baglangigta (4.1) bagintis1 ile belirlenen debi ile (4.6) bagintisiyla
hesaplanan debi arasindaki fark, kabul edilebilen hata sinirindan kiigiik oldugunda bir
onceki savagin hesabina gegilir. Debiler arasindaki fark hata sinrindan (mesala
0.0001 m®/ sn’den) biyiikse (h.); aradaki farkin durumuna uygun bir sekilde

' Chao ve Trussell’in calismasinda bu deger Ingiliz birim sisteminde 0.01 ft olarak ahnmgtir.
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arttinlarak veya azaltilarak son savak igin iglemler tekrarlanir. Bu iterasyon sona

erdiginde soz konusu savaga ait (E) 6zgiil enerjisi,

L]

bmlh) (@), 2(Z)(h,,)f] “n

bagintistyla belirlenir. Daha sonraki savaklar igin ise agagida agiklanan iterasyon iglemi
uygulanir. Baglangigta hesabr yapilacak olan savagin debisi, bir sonraki savakta
hesaplanan savak debisine; hesabt yapilacak olan savagin su yiiksekligi bir sonraki
savakta hesaplanan su yiiksekligine esit alinir, yani

(qb )k = (% )k+1 ve (hD)k = (hll)k.':l (4.8)
Bu savaga ait girig debisi
(Qu)k =(‘Ib )k +~2 (Qb)i 4.9)

izk+1

ifadesiyle hesaplanir. Daha sonra (4.9) bagintis1 yardimiyla bu debiye [(Qu) k]karslhk

gelen (hy) degeri deneme-yanilma ile ¢oziilir.
(), =®)(n), 2¢[E-(n.),] (4.10)
Bu durumda s6z konusu savaktaki ortalama su yiiksekligi,

(h )k =Lk Tk (4.11)

olur. S6z konusu savagin baglangicindaki (V) hizi, bu hiza sirasiyla karsiik gelen
(Fu sayisi, C, savak katsayist (4.12), (4.13), (4.14) bagmntilan yardimiyla hesaplanir.
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(2.),
v,) = 4.12
( “)k (b)(hu)k ( )
v.)
(F) =" (4.13)
g(n),
(4.14)
S6z konusu savaktan gegen debi ise,
(@), =5(D(C.)\2&[(h), - 7] (4.15)

bagintistyla hesaplamr. Daha sonra (4.8) bagintisi ile belirlenen (4.15) bagintisi ile
hesaplanan debiler arasindaki fark, kabul edilebilen hata smirindan kiigiik oldugunda
bir 6nceki savagin hesabina gegilir. Debiler arasindaki fark, hata smirindan biiytikse
ilgili savaga ait debi, aradaki farkin durumuna gore uygun bir sekilde arttinlarak veya
azaltilarak hesaplara (4.9) bagintisindan itibaren tekrar baglanir. Aym islemler biitiin

savaklar i¢in tekrarlandiktan sonra

N

0r=2a) (4.16)
bagintis1 ile toplam savaklanan debi elde edilir. Dagitim kanalina girig debisi ile
toplam savaklanan debi arasindaki fark, verilen bir hata sinirindan kiigiik oldugunda
hesaba son verilir. Bu fark, verilen hata simrindan biiyitk oldugunda ise son savag ait
debi, aradaki farkin durumuna gore uygun bir gekilde arttinlarak veya azaltilarak
hesaplar, son savaktan ( yani (4.2) bagntisindan) baslayacak sekilde tekrarlanr.

Yukarida anlatilan hesaplar igin Chao - Trussell (1980) tarafindan hazirlanan
bilgisayar programinin bir uygulamasi Kisim 5.2°de verilmugtir.



BOLUM 5

DEBI DAGITIM KANALLARININ HESABI iCiN
YENI BiR METOD

5.1. Mevcut Metodlarin Degerlendirilmesi

Antma tesislerinde debi dagitimi, daha 6nceki boliimlerde goriildagi gibi, savaklarla
ve batmig orifislerle yapilir. Bu boliimde, yan savakli akim dagitim kanallarinda debi
dagittmi igin yeni bir metod verilecektir. Bu halde, literatiirde analitik ve nimerik
yaklagimlar mevcuttur.  Analitik metodlar ¢ok yaklasgtk oldugundan bir tarafa
birakilirsa, niimerik metodlarin dogrululuk derecesi, kullanilan savak formil veya
bagintilarina bagh bulunur. Bu maksatla Bolim 2’de ¢esitli metodlar ayrintili bir
sekilde verilmigtir.  Bunlar toplu olarak birbiriyle kargilagtirmak igin, Bolim 2’de
¢oziilen problemlerin sonuglar1 Tablo 5.1°de gosterilmigtir. Metodlar arasindaki fark,
ayni menba ve mansap sartlant i¢in L uzunlugu hesaplandiginda daha bariz olarak

ortaya gikar.

Tablo 5.1 Cesitli metodlarin verdikleri sonuglarin birbiriyle kargilagtirilmas:

Q. Q. by hy L b

m’/s) | m’/s) (m) m | m | @

Forcheimer 0,253 0,120 0,344 {0355 [ 3,0 0.5
Collinge 0,182 0,120 0,305 | 0,355 | 3,0 0.5
(Tchobanoglous)

Chao-Trussell 0,171 0,120 0,320 10355 ]3.0 0.5

Muslu-Tozluk 0,180 0,120 0,308 | 0,355 130 0.5

Dikdortgen 0,180 0,120 0,490 | - 0,31 0.5
Savak 5
Formiiliiyle

Yaklagsik Metod
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Bunlardan Collinge, 6lgme sonuglarina dayanan amprik katsayilan kullanan bir
iterasyon metodudur. Deneylerdeki degisme bolgesi igin en dogru sonuglan vermesi
beklenir. Bu sebeple Tchobanoglous tarafindan tavsiye edilmigtir. Ancak kanigik
ifadeli De Marchi formiilii ile birlikte uzun iterasyonlan gerektirdiginden kullanigh
degildir. Bu sebepten literatiirde debi dagitim kanallarinin bilgisayar program ile
hesabinda, bunun yerine (2.19) No’lu analitik ifade kullanilmigtir. Ancak bu formiil
yaklagik olup deney neticeleri tarafindan tam olarak dogrulanmamaktadir. Aynca
daha uzun iterasyonlar gerektirmektedir. Ciinkii her savak i¢in (2.19) bagintis1 ayr
ayn kullanilmakta olup iglem siireklilii kaybolmaktadir. Bu sebeple bu bélimdeki
aragtirmamizda hem deney neticelerine uymasi, hem de Ek A’deki bilgisayar programi
ile kolaylikla hesaplanabilmesi sebebiyle, Muslu ve Tozluk (1994)’de oOnerilen
yaklagim benimsenmistir. Bu husus asagida daha etrafh olarak ele alinacaktir.

5.2 Sabit Ozgiil Enerji Halinde Debi Dagitim Kanalinin Hesabi

Bu halde takip edilecek yaklagim, Chao ve Trussell (1980 ) ile karsilagtirma imkan da
saglamak igin Sekil 5.1°deki dagitim kanali lizerinde izah edilecektir. Daha sonra
Kisim 5.3’de bu iglemleri yapmak ilizere bilgisayar programlan geligtirilecektir. Bu
dagitim kanalinin genigligi b = 1.2192 m ( = 4 ft) olup iizerinde 6 adet yan savak
mevcuttur. Savaklann kret yiikseklikleri p = 0.6096 m ( =2 ft) dir. Q = 0.65723
m’/s (= 15 mgd) giris debisinin bu 6 yan savak tarafindan dagitiimas: istenmektedir.

savagimin mansabinda kanaldaki debi Q =0 olmahdir. Bu noktada debinin sifir
olabilmesi igin su yiiksekliginin 6zgtl enerji yiikseklifine esit olmasi gerekir. Bagka
bir ifade ile bu noktada boyutsuz su yikseklisi z=h/E=E/E=1 olmaldir.

Chao ve Trussell (1980 ), savaklar arasinda su yiiksekliginin ve debinin degismedigini
kabul etmekte ve biitiin kanal boyunca 6zgil enerjiyi sabit almaktadir. Bu sartlar
altinda hidrolik durum, 6 savagin birlegmi§ olmas: ile aym olacaktir. Bu savagin
toplam uzunlugu XL, =(6)(12192)=73152 m olur. Boyutsuz koordinatlar

kullaniirsa herbir savagin uzunlugu L /b=12192/12192=1.0 ve 6. savagmn
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mansap noktasinin baglangica uzakhi§i x = 6.0 noktasinda z=1 ve Q=20

olmahidir.

:

E : X 1

—:—-bQT; 2\ 3\ l.zmm4\ 5\ 6\ —
| I N | SR | \‘I* Nl | \' | - 1 N L | N | I | \‘

0.6096
m
12192m 12192m 12192m 1.2192m |

P

0.6096
m

P e L R RPN b e e e L L

Sekil 5.1 Dikdortgen kesitli, dikdortgen yan savakli dagitim kana

Bu problemi Ek B’ deki programla ¢ozmek igin birinci savagin menba kesitindeki
z5 boyutsuz su yiiksekliginin ve E degerinin bilinmesi gerekir. Bu hal i¢in Ek A’daki
bilgisayar programi, h su yiiksekligini ve Q debisini verecek bir gekle getirilebilir. Bu
program listesi Ek B’de gosterilmistir. Baglangigtaki za degeri bilinmediginden
¢6ziime ancak iterasyon yapilarak ulagilabili. O halde iterasyonla Syle bir za
degeri bulunmalidir ki Q = 0.65723 m’ / s giris debisi igin savak sonunda
x=XAL/b=60 noktasinda zg =1 olsun.

Bilgisayar girig datalan z,’mn fonksiyonu olarak su sekilde hesaplanabilir:

0> 1
E=h+;‘2’7£ (5.1)

(5.1) bagmmtisinda h=hsy= E z, konursa

E- Ezn + -2 - (5.2)
T EE T g ag ‘




53

olur. Her iki taraf E ile boliiniirse

+ 0 1 (5.3)
=z Y .
4 bzzf, 2¢g E?
2
B s__ 0O
(-z,)E bzzj 2g
r Q2 ']1/3
E= 5.4
LZg gy (I—ZA)J 4

bulunur. Tablo 5.2’de z, = 0.9638542 i¢in sonuncu iterasyona ait bilgisayar giktist
gosterilmigtir. Burada za= 0.9638542 i¢in istenen sart saglandifindan yani x = 6
i¢in zg = 0.99999999 = 1.0 bulundugundan, agagida bu sonuncu iterasyon kademesi
i¢in bilgisayar giris datalan hesaplanmigtir. Gergekten, verilen degerler (5.4)

bagintisinda yerine konursa

za=0.9638542

1/3

[ 0657232
J =0.76120516

E =
L2(9.s 1)(12192)* (0.9638542)? (1 - 0.9638542)

p_ 0609 _ e0083534
E 076120516

olur. Ek C’deki bilgisayar programi, bu girig datalarina gore verilen bir debi i¢in iglem
yapacak sekilde gelistirilmigtir. (Program listesi i¢in Ek C’ye bkz.) . AL /b =0.04
icin Ek C’ deki program ve yukandaki giri§ datalan ile elde edilen bilgisayar ¢iktisi
Tablo 5.2°de gorilmektedir.
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Tablo 5.2 Ek C de verilen program yardimiyla hesaplanan
Q:=F(z), AL/, p/E, Qgirig,b) ve hr=F(z;, AL/, p/E, Qgu, b)
fonkstyonlan

z1= 0.9638542

; p/E=0.80083534 ;
Quii; =0.65723 m*/s ; b=1219200m ;

AL/b=0.04
¥y =1-0. 036*Fr

Z

/)

Fr

v

ZAL/MD

h
(m)

(m%/sn)

0.9638542
0.9642421
0.9646293
0.9650158
0.9654016
0.9657866
0.9661710
0.9665545
0.9669372
0.9673191
0.9677001
0.9680803
0.9684595
0.9688379
0.9692152
0.9695916
0.9699670
0.9703413
0.9707146
0.9710868
0.9714579
0.9718279
0.9721966
0.9725642
0.9729306
0.9732958
0.9736596
0.9740222
0.9743834
0.9747433
0.9751018
0.9754590
0.9758146
0.9761688
0.9765216
0.9768728
0.9772224

0.9642421
0.9646293
0.9650158
0.9654016
0.9657866
0.9661710
0.9665545
0.9669372
0.9673191
0.9677001
0.9680803
0.9684595
0.9688379
0.9692152
0.9695916
0.9699670
0.9703413
0.9707146
0.9710868
0.9714579
0.9718279
0.9721966
0.9725642
0.9729306
0.9732958
0.9736596
0.9740222
0.9743834
0.9747433
0.9751018
0.9754590
0.9758146
0.9761688
0.9765216
0.9768728
0.9772224
0.9775705

0.2738661
0.2723380
0.2708051
0.2692675
0.2677252
0.2661781
0.2646262
0.2630697
0.2615084
0.2599424
0.2583717
0.2567963
0.2552162
0.2536314
0.2520419
0.2504478
0.2488490
0.2472456
0.2456375
0.2440248
0.2424074
0.2407855
0.2391589
0.2375277
0.2358920
0.2342517
0.2326068
0.2309574
0.2293034
0.2276449
0.2259819
0.2243144
0.2226423
0.2209659
0.2192849
0.2175995
0.2159096

0.9901408
0.9901938
0.9902510
0.9903064
0.9903619
0.9904176
0.9904735
0.9905295
0.9905857
0.9906421
0.9906986
0.9907553
0.9908122
0.9908693
0.9909265
0.9909839
0.9910414
0.9910992
0.9911571
0.9912151
0.9912733
0.9913317
0.9913903
0.9914490
0.9915079
0.9915669
0.9916262
0.9916855
0.9917451
0.9918048
0.9918647
0.9919247
0.9919849
0.9920452
0.9921057
0.9921664
0.9922273

0.0400000
0.0800000
0.1200000
0.1600000
0.2000000
0.2400000
0.2800000
0.3200000
0.3600000
0.4000000
0.4400000
0.4800000
0.5200000
0.5600000
0.6000000
0.6400000
0.6800000
0.7200000
0.7600000
0.8000000
0.8400000
0.8800000
0.9200000
0.9600000
1.0000000
1.0400000
1.0800000
1.1200000
1.1600000
1.2000000
1.2400000
1.2800000
1.3200000
1.3600000
1.4000000
1.4400000
1.4800000

0.7336909
0.7342808
0.7345751
0.7348687
0.7351619
0.7354544
0.7357463
0.7360377
0.7363284
0.7366184
0.7369078
0.7371965
0.7374845
0.7377717
0.7380582
0.7383440
0.7386289
0.7389131
0.7391964
0.7394789
0.7397605
0.7400412
0.7403210
0.7405999
0.7408778
0.7411548
0.7414308
0.7417058
0.7419797
0.7422526
0.7425245
0.7427952
0.7430648
0.7433333
0.7436007
0.7438668
0.7441318

0.6572300
0.6506683
0.6473627
0.6440407
0.6407021
0.6373471
0.6339754
0.6305872
0.6271824
0.6237610
0.6203231
0.6168684
0.6133972
0.6099093
0.6064048
0.6028836
0.5993457
0.5957912
0.5922200
0.5886322
0.5850276
0.5814064
0.5777685
0.5741140
0.5704427
0.5667548
0.5630503
0.5593291
0.5555913
0.5518368
0.5480658
0.5442781
0.5404739
0.5366530
0.5328157
0.5289618
0.5250914
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h

Q

0.9775705
0.9779170
0.9782619
0.9786051
0.9789466
0.9792864
0.9796245
0.9799607
0.9802952
0.9806279
0.9809587
0.9812877
0.9816147
0.9819398
0.9822629
0.9825840
0.9829031
0.9832201
0.9835350
0.9838479
0.9841586
0.9844671
0.9847734
0.9850775
0.9853793
0.9856789
0.9859761
0.9862710
0.9865636
0.9868537
0.9871414
0.9874266
0.9877094
0.9879896
0.9882673
0.9885425
0.9888150
0.9890849
0.9893522
0.9896167
0.9898786
0.9901377
0.9903941
0.9906476

0.9779170
0.9782619
0.9786051
0.9789466
0.9792864
0.9796245
0.9799607
0.9802952
0.9806279
0.9809587
0.9812877
0.9816147
0.9819398
0.9822629
0.9825840
0.9829031
0.9832201
0.9835350
0.9838479
0.9841586
0.9844671
0.9847734
0.9850775
0.9853793
0.9856789
0.9859761
0.9862710
0.9865636
0.9868537
0.9871414
0.9874266
0.9877094
0.9879896
0.9882673
0.9885425
0.9888150
0.9890849
0.9893522
0.9896167
0.9898786
0.9901377
0.9903941
0.9906476
0.9908984

0.2142154
0.2125167
0.2108136
0.2091061
0.2073943
0.2056781
0.2039576
0.2022327
0.2005036
0.1987701
0.1970324
0.1952904
0.1935442
0.1917937
0.1900391
0.1882802
0.1865172
0.1847500
0.1829787
0.1812032
0.1794237
0.1776401
0.1758524
0.1740607
0.1722649
0.1704652
0.1686614
0.1668537
0.1650421
0.1632265
0.1614071
0.1595837
0.1577565
0.1559255
0.1540907
0.1522520
0.1504096
0.1485635
0.1467136
0.1448600
0.1430028
0.1411419
0.1392774
0.1374092

0.9922882
0.9923494
0.9924107
0.9924722
0.9925338
0.9925956
0.9926575
0.9927196
0.9927819
0.9928443
0.9929068
0.9929695
0.9930324
0.9930954
0.9931586
0.9932219
0.9932854
0.9933490
0.9934128
0.9934767
0.9935407
0.9936050
0.9936693
0.9937338
0.9937985
0.9938633
0.9939282
0.9939933
0.9940585
0.9941238
0.9941893
0.9942550
0.9943208
0.9943867
0.9944527
0.9945189
0.9945853
0.9946517
0.9947183
0.9947850
0.9948519
0.9949189
0.9949860
0.9950533

1.5200000
1.5600000
1.6000000
1.6400000
1.6800000
1.7200000
1.7600000
1.8000000
1.8400000
1.8800000
1.9200000
1.9600000
2.0000000
2.0400000
2.0800000
2.1200000
2.1600000
2.2000000
2.2400000
2.2800000
2.3200000
2.3600000
2.4000000
2.4400000
2.4800000
2.5200000
2.5600000
2.6000000
2.6400000
2.6800000
2.7200000
2.7600000
2.8000000
2.8400000
2.8800000
2.9200000
2.9600000
3.0000000
3.0400000
3.0800000
3.1200000
3.1600000
3.2000000
3.2400000

0.7443956
0.7446581
0.7449193
0.7451793
0.7454379
0.7456953
0.7459513
0.7462059
0.7464591
0.7467109
0.7469613
0.7472102
0.7474577
0.7477036
0.7479481
0.7481910
0.7484323
0.7486720
0.7489102
0.7491467
0.7493815
0.7496147
0.7498462
0.7500759
0.7503039
0.7505302
0.7507547
0.7509774
0.7511982
0.7514172
0.7516343
0.7518496
0.7520629
0.7522743
0.7524837
0.7526912
0.7528966
0.7531001
0.7533014
0.7535008
0.7536980
0.7538932
0.7540862
0.7542771

0.5212045
0.5173011
0.5133813
0.5094451
0.5054926
0.5015236
0.4975384
0.4935368
0.4895190
0.4854850
0.4814349
0.4773685
0.4732861
0.4691877
0.4650732
0.4609427
0.4567964
0.4526342
0.4484562
0.4442624
0.4400529
0.4358277
0.4315870
0.4273307
0.4230590
0.4187719
0.4144694
0.4101516
0.4058187
0.4014706
0.3971074
0.3927292
0.3883362
0.3839282
0.3795056
0.3750682
0.3706163
0.3661498
0.3616689
0.3571737
0.3526642
0.3481406
0.3436029
0.3390513
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y
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h

Q

0.9908984
0.9911463
0.9913913
0.9916334
0.9918726
0.9921089
0.9923421
0.9925724
0.9927996
0.9930237
0.9932448
0.9934627
0.9936775
0.9938891
0.9940976
0.9943028
0.9945048
0.9947035
0.9948989
0.9950910
0.9952798
0.9954652
0.9956472
0.9958258
0.9960010
0.9961727
0.9963409
0.9965057
0.9966669
0.9968245
0.9969786
0.9971291
0.9972759
0.9974192
0.9975587
0.9976946
0.9978268
0.9979553
0.9980801
0.9982010
0.9983182
0.9984317
0.9985413
0.9986470

0.9911463
0.9913913
0.9916334
0.9918726
0.9921089
0.9923421
0.9925724
0.9927996
0.9930237
0.9932448
0.9934627
0.9936775
0.9938891
0.9940976
0.9943028
0.9945048
0.9947035
0.9948989
0.9950910
0.9952798
0.9954652
0.9956472
0.9958258
0.9960010
0.9961727
0.9963409
0.9965057
0.9966669
0.9968245
0.9969786
0.9971291
0.9972759
0.9974192
0.9975587
0.9976946
0.9978268
0.9979553
0.9980801
0.9982010
0.9983182
0.9984317
0.9985413
0.9986470
0.9987489

0.1355375
0.1336623
0.1317835
0.1299012
0.1280154
0.1261262
0.1242335
0.1223375
0.1204381
0.1185353
0.1166292
0.1147198
0.1128072
0.1108913
0.1089722
0.1070499
0.1051245
0.1031959
0.1012643
0.0993295
0.0973918
0.0954510
0.0935072
0.0915605
0.0896109
0.0876583
0.0857030
0.0837447
0.0817837
0.0798199
0.0778534
0.0758842
0.0739123
0.0719377
0.0699606
0.0679808
0.0659985
0.0640137
0.0620265
0.0600367
0.0580446
0.0560500
0.0540532
0.0520540

0.9951206
0.9951882
0.9952558
0.9953236
0.9953914
0.9954595
0.9955276
0.9955958
0.9956642
0.9957327
0.9958013
0.9958701
0.9959389
0.9960079
0.9960770
0.9961462
0.9962155
0.9962849
0.9963545
0.9964241
0.9964939
0.9965638
0.9966337
0.9967038
0.9967740
0.9968443
0.9969147
0.9969852
0.9970558
0.9971265
0.9971973
0.9972682
0.9973392
0.9974102
0.9974814
0.9975527
0.9976241
0.9976955
0.9977670
0.9978387
0.9979104
0.9979822
0.9980541
0.9981261

3.2800000
3.3200000
3.3600000
3.4000000
3.4400000
3.4800000
3.5200000
3.5600000
3.6000000
3.6400000
3.6800000
3.7200000
3.7600000
3.8000000
3.8400000
3.8800000
3.9200000
3.9600000
4.0000000
4.0400000
4.0800000
4.1200000
4.1600000
4.2000000
4.2400000
4.2800000
4.3200000
4.3600000
4.4000000
4.4400000
4.4800000
4.5200000
4.5600000
4.6000000
4.6400000
4.6800000
4.7200000
4.7600000
4.8000000
4.8400000
4.8800000
4.9200000
4.9600000
5.0000000

0.7544658
0.7546523
0.7548366
0.7550186
0.7551985
0.7553760
0.7555513
0.7557242
0.7558949
0.7560631
0.7562290
0.7563925
0.7565536
0.7567123
0.7568685
0.7570223
0.7571735
0.7573223
0.7574685
0.7576122
0.7577533
0.7578919
0.7580278
0.7581612
0.7582919
0.7584199
0.7585453
0.7586680
0.7587880
0.7589053
0.7590199
0.7591317
0.7592407
0.7593469
0.7594504
0.7595510
0.7596488
0.7597438
0.7598359
0.7599251
0.7600114
0.7600948
0.7601754
0.7602529

0.3344857
0.3299064
0.3253134
0.3207069
0.3160868
0.3114534
0.3068068
0.3021470
0.2974742
0.2927884
0.2880899
0.2833786
0.2786548
0.2739185
0.2691699
0.2644090
0.2596361
0.2548512
0.2500545
0.2452461
0.2404261
0.2355947
0.2307519
0.2258980
0.2210331
0.2161573
0.2112707
0.2063735
0.2014659
0.1965480
0.1916198
0.1866817
0.1817337
0.1767759
0.1718086
0.1668319
0.1618460
0.1568509
0.1518470
0.1468342
0.1418128
0.1367830
0.1317449
0.1266987
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0.9987489
0.9988470
0.9989412
0.9990314
0.9991178
0.9992002
0.9992786
0.9993531
0.9994236
0.9994901
0.9995526
0.9996111
0.9996655
0.9997159
0.9997622
0.9998044
0.9998426
0.9998766
0.9999065
0.9999323
0.9999539
0.9999715
0.9999848
0.9999940
0.9999989

0.9988470
0.9989412
0.9990314
0.9991178
0.9992002
0.9992786
0.9993531
0.9994236
0.9994901
0.9995526
0.9996111
0.9996655
0.9997159
0.9997622
0.9998044
0.9998426
0.9998766
0.9999065
0.9999323
0.9999539
0.9999715
0.9999848
0.9999940
0.9999989
1.0000000

0.0500525
0.0480488
0.0460428
0.0440347
0.0420244
0.0400120
0.0379976
0.0359811
0.0339626
0.0319421
0.0299197
0.0278954
0.0258692
0.0238412
0.0218114
0.0197798
0.0177466
0.0157116
0.0136750
0.0116369
0.0095972
0.0075561
0.0055140
0.0034729
0.0014615

0.9981981
0.9982702
0.9983425
0.9984148
0.9984871
0.9985596
0.9986321
0.9987047
0.9987773
0.9988501
0.9989229
0.9989958
0.9990687
0.9991417
0.9992148
0.9992879
0.9993611
0.9994344
0.9995077
0.9995811
0.9996545
0.9997280
0.9998015
0.9998750
0.9999474

5.0400000
5.0800000
5.1200000
5.1600000
5.2000000
5.2400000
5.2800000
5.3200000
5.3600000
5.4000000
5.4400000
5.4800000
5.5200000
5.5600000
5.6000000
5.6400000
5.6800000
5.7200000
5.7600000
5.8000000
5.8400000
5.8800000
5.9200000
5.9600000
6.0000000

0.7603276
0.7603992
0.7604680
0.7605337
0.7605964
0.7606561
0.7607128
0.7607665
0.7608171
0.7608647
0.7609092
0.7609506
0.7609890
0.7610242
0.7610564
0.7610854
0.7611113
0.7611341
0.7611537
0.7611702
0.7611835
0.7611937
0.7612007
0.7612044
0.7612052

0.1216446
0.1165826
0.1115131
0.1064361
0.1013518
0.0962605
0.0911622
0.0860572
0.0809456
0.0758277
0.0707035
0.0655733
0.0604373
0.0552956
0.0501485
0.0449960
0.0398385
0.0346761
0.0295090
0.0243375
0.0191620
0.0139835
0.0088074
0.0037066
0.0003586

Savaklarin menba kesitleri x =1, x =2,

.........

ve X = 6 koordinatlarina tekabiil

ettifinden Tablo 5.2’de bu degerlere ait boyutlu su yiikseklikleri ve debiler su sekilde

hesaplanmigtir. Mesela x=1 i¢in su yiiksekligi ve debi,

z=0.9729306

h=0.9729306 E = (0.9729306)(0.76120516) = 0.7408777

0 =bh\2g(E—h)

0 = (1.2192)(0.7408777) /2(981)(0.76120516 - 0.7408777) = 0.5704427 m’/s
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x=1,2,...veS igin bu gekilde hesaplanan degerler Tablo 5.3’de toplu

olarak verilmistir. Sonuncu savagin mansap kesitinde x= 6 igin z =1,0 ve Q = 0

olmahdir.

Tablo 5.3 Savaklarin menba kesitlerindeki su ytikseklikleri ve debiler

Menba Su Yiikseklikleri Debi
Boyut- Savak | Geligtirilen Metoda | Chao- Gelistirilen Metoda Gore | Chao-Trussell’e Gire
;‘{"Me No Giire Trufsell’
¢ Gire
X Z h h Q Savakianan Q Savakla-
nan
(m) (m) (m’/s) m*/s) (m*/ s)
(m*/s)
0 0.963854 | 0.7337 | 0.7254 0.657230 0.65723
1 0.086787 0.087018
1 0.972931 | 0.7409 | 0.7345 0.570443 0.570212
2 0.097157 0.097863
2 0.981615 | 0.7475 | 0.7422 0.473286 0.472349
3 0.107137 0.108227
3 0.989085 | 0.7531 0.7498 0.366149 0.364122
4 0.116095 0.116977
4 0.994899 | 0.7575 | 0.7544 0.250054 0.247145
5 0.123356 0.122782
5 0.998647 | 0,7603 | 0.7574 0.126698 0.124363
6 0.126340 0.125104
6 0.999998 | 0.7612 | - 0.000358 -0.000741
Toplam | - - - - - 0.656872 - 0.657970

Tablo 5.3’de 6. savagin sonunda debinin sifir yerine 0.3586 1 / s ¢ikmas: iterasyon

kademesindeki hatayr gosterir. Bu hata:

(a) AL /b adiminu kiigtlterek
(b) za’y1 degistirerek
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istenilen  mertebeye indirilebilir (Kisim 5.3’e¢ bkz). Aym sekilde Chao-Trussell
¢oziimiinde de (-0.741) 1 /s’ lik bir hata vardir. Bu , toplam savaklanan debinin
0.6572 m®/s yerine 0.657971 m’/s olmasiyla ortaya ¢ikmaktadir.

Chao-Trussell ¢oziimii ile geligtirdifimiz niimerik entegrasyon ¢oziimil arasindaki
fark, savaklanan debinin hesap geklinin farkli olmasindan kaynaklanmaktadir. Chao-
Trussell, ortalama bir hidrolik yitk kabul ederek savaklanan debiyi basit dikdértgen
savak formilii yardimiyla hesaplamaktadir. Buradaki hata, hidrolik rejim, sel rejimine
dogru kayarken, yani Froude sayis1 biiyiirken bariz sekilde ortaya ¢ikar. Bu hususu
aciklamadan once her iki metodda savaklanan debilerin nasil bulundugunu Tablo
5.3’den bir misal vererek agiklayalim. Tablo 5.2’de, birinci savagin menbaindaki debi,
Qi = 0.65723 m’ / s ve su yiiksekligi h, = 0.7336908 m oldugu zaman nimerik
entegrasyon metodu ile h, = 0.7408777 m ve Q. = 0.5704428 m® / s bulunmustu.
(Savaklanan debi = (Q; - Q;) = 0.65723-0.5704428 = 0.0867872 m’ / s). Aym: giris
debisi ve su yiiksekligi i¢in Q. ve h, degerini Chao-Trussell metodu ile hesaplayarak
iki yaklasim arasindaki farki belirtelim,

p =0.6096 m
0, 065723
==l = 0734732 m/
V= h = (12192)(0.7336908) mrs
v, 0734732
Fr; == = 0273866

Jgh  /981(0.7336908)

3(0.273866)°
=0.611,/1— = 0576922
C.=081 1\/ (0273866)* +2

Bu debi katsayisi ile Chao-Trussell, dikdortgen savak formiiliinii kullanarak, savaktan
gecen debiyi hesaplamustir. Ancak burada hidrolik yitk degisken oldugu halde sabit
kabul edilmekte ve ( hy + hy) / 2 alinmaktadir. Hata buradan kaynaklanmaktadir. Bu
kabulii uygulayabilmek ig¢in h, igin bir tahmin yapmak gerekir. h, = 0.7412 m
kabul ederek bir deneme yapahim.
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h+h, 07336908+0.7412

h= = 0737445
h 5 > m

Savaklanan Debi= A =Q;-Q; = %( L)C, )28 ( h— p) -

2
0 -0, = g(1.2192)(0.576922)\/2(9.8 1)[0.737445 - 0.6096]**
Q: - Q; =0.0949458 m’/s

Q.= Q.- A=0.65723 - 0.0949458 = 0.562284 m’/s

olarak elde edilir. Kabul edilen h; su yiiksekliginin dogrulugunu kontrol edelim:

@t L
E=h, bh, | 2g

0561832 T 1
0.76120516 = 0.7412

(12192)(0.7412) | 2(981)

Denklemin her iki tarafi birbirine esit oldugundan kabui edilen h, degen dogrudur. Bu
misalde ¢ok hakim bir nehir rejimi oldugundan savaklanan debiler birbirine yakin
¢tkmugtir. Froude sayisi, dolayisiyla z, kiguldikee , bu fark biyiir.

Ikinci bir misal olarak aym dagitim kanalinda p=0.56m, p/E=0.70, E=0.80m
ve zx=0.87 i¢in birinci savaktan gegen debiyi her iki metodla bulahm:

AL /b = 0.04 i¢in Ek B’deki program ve yukandaki girig datalan ile elde edilen
bilgisayar ¢iktisi Tablo 5.4’de goriulmektedir. Ek B’deki programa gore ,

b s

070 = p=0.70E=(0.70)(0.80)=0.56 m
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hy=z,E = (0.87) (0.8) = 0.696 m

0, =12192(0.696)4/2(981)(08 — 0.696) = 121213 m’/s

Tablo 5.4 Ek B’de verilen program yardimiyla 6 savakli bir dagitim kanali i¢in
birinci savak sonunda hesaplanan Q,=F(z;, AL/, p/E, E, b) ve
hy=F(z;, AL/, p/E, E, b) fonksiyonlan

E =08 m

z,= 0.87 ; p/E=07 ; AL/b=0.02 ;

b=12192 m

; ¥ =1-0.036%Fr

Z

Zy

Fr

y

ZAL/b

h
(m)

Q

(m®/sn)

0.8700000
0.8704306
0.8708620
0.8712942
0.8717272
0.8721610
0.8725957
0.8730311
0.8734673
0.8739043
0.8743421
0.8747806
0.8752200
0.8756601
0.8761009
0.8765426
0.8769849
0.8774281
0.8778719
0.8783165
0.8787619
0.8792079
0.8796547
0.8801023
0.8805505
0.8809994
0.8814490
0.8818994
0.8823504
0.8828021
0.8832545

0.8704306
0.8708620
0.8712942
0.8717272
0.8721610
0.8725957
0.8730311
0.8734673
0.8739043
0.8743421
0.8747806
0.8752200
0.8756601
0.8761009
0.8765426
0.8769849
0.8774281
0.8778719
0.8783165
0.8787619
0.8792079
0.8796547
0.8801023
0.8805505
0.8809994
0.8814490
0.8818994
0.8823504
0.8828021
0.8832545
0.8837075

0.546672
0.545631
0.544587
0.543540
0.542490
0.541437
0.540382
0.539323
0.538261
0.537197
0.536129
0.535058
0.533985
0.532908
0.531829
0.530746
0.529661
0.528573
0.527481
0.526387
0.525290
0.524190
0.523086
0.521980
0.520871
0.519759
0.518643
0.517525
0.516404
0.515280
0.514153

0.980320
0.980357
0.980395
0.980433
0.980470
0.980508
0.980546
0.980584
0.980623
0.980661
0.980699
0.980738
0.980777
0.980815
0.980854
0.980893
0.980932
0.980971
0.981011
0.981050
0.981090
0.981129
0.981169
0.981209
0.981249
0.981289
0.981329
0.981369
0.981409
0.981450
0.981490

0.020000
0.040000
0.060000
0.080000
0.100000
0.120000
0.140000
0.160000
0.180000
0.200000
0.220000
0.240000
0.260000
0.280000
0.300000
0.320000
0.340000
0.360000
0.380000
0.400000
0.420000
0.440000
0.460000
0.480000
0.500000
0.520000
0.540000
0.560000
0.580000
0.600000
0.620000

0.696000
0.696690
0.697035
0.697382
0.697729
0.698077
0.698425
0.698774
0.699123
0.699474
0.699825
0.700176
0.700528
0.700881
0.701234
0.701588
0.701942
0.702298
0.702653
0.703010
0.703366
0.703724
0.704082
0.704440
0.704800
0.705159
0.705519
0.705880
0.706242
0.706604
0.706966

1.212133
1.209305
1.207879
1.206444
1.205002
1.203551
1.202092
1.200625
1.199150
1.197666
1.196174
1.194673
1.193164
1.191647
1.190121
1.188586
1.187043
1.185491
1.183931
1.182361
1.180783
1.179196
1.177601
1.175996
1.174383
1.172760
1.171129
1.169488
1.167838
1.166180
1.164512
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A

z

Fr

v

2AL/b

h

Q

0.8837075
0.8841612
0.8846156
0.8850707
0.8855263
0.8859827
0.8864396
0.8868972
0.8873554
0.8878143
0.8882737
0.8887337
0.8891944
0.8896556
0.8901174
0.8905798
0.8910428
0.8915063
0.8919703

0.8841612
0.8846156
0.8850707
0.8855263
0.8859827
0.8864396
0.8868972
0.8873554
0.8878143
0.8882737
0.8887337
0.8891944
0.8896556
0.8901174
0.8905798
0.8910428
0.8915063
0.8919703
0.8924350

0.513023
0.511889
0.510753
0.509614
0.508472
0.507327
0.506179
0.505027
0.503873
0.502716
0.501556
0.500393
0.499226
0.498057
0.496885
0.495710
0.494531
0.493350
0.492166

0.981531
0.981572
0.981613
0.981654
0.981695
0.981736
0.981778
0.981819
0.981861
0.981902
0.981944
0.981986
0.982028
0.982070
0.982112
0.982154
0.982197
0.982239
0.982282

0.640000
0.660000
0.680000
0.700000
0.720000
0.740000
0.760000
0.780000
0.800000
0.820000
0.840000
0.860000
0.880000
0.900000
0.920000
0.940000
0.960000
0.980000
1.000000

0.707329
0.707692
0.708057
0.708421
0.708786
0.709152
0.709518
0.709884
0.710251
0.710619
0.710987
0.711356
0.711724
0.712094
0.712464
0.712834
0.713205
0.713576
0.713948

1.162834
1.161148
1.159452
1.157747
1.156033
1.154309
1.152575
1.150833
1.149080
1.147318
1.145547
1.143766
1.141975
1.140174
1.138364
1.136543
1.134713
1.132873
1.131023

h;=0.713948 m ;

Q,=1.131023 m*/s

Savaklanan debi =A=Q;-Q,=1.212133-1.131023 = 0.08111 m*/s

olarak elde edilmistir. Bu debiyi Chao-Trussell ile bulalim:

o) 1212133
==L = 1428453
Vi= b = 12192(069) mls
14 428453
Fr; = — 142 = 0546672

Cw =0.611\/1—

Jgh  /981(0.696)

3(0.546672)*

(0546672)* +2

= 0477206

Bir ilk yaklagim olarak h, su yiikseklii h,=0.718 m olarak kabul edilirse
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savaklanan debi,

0.696+0.718
= ———2———=0.707 m

ol

2
A=Q;-Q,= 5(1.2192)(0.477206),/2(9.8 1)[0.707 - 056])**=0.0968311 m*/ s

olur. Bulunan bu sonucun dogrulugu Chao-Trussell’e gére bulunan E 6zgiil enerji

yiiksekligi ile kontrol edilirse, E degeri

Q,=Q;- A=1.212133-0.0968311=1.115302 m’ /s

E=h,+ Q—zz—l——o71s+ 115302 ¥ 1 _ oo
2" \bh, | 2¢ 12192(0.718) ) 2(981) m

olarak bulunur. Bu yaklagiklik igin yukanda bulunan h, = 0.718 m degen

problemin ¢dzimudiir.

Metodlar arasindaki fark, burada bazi niimerik misaller iizerinde agiklanmigtir.
Pratikte veriler, genisg araliklar icinde degiseceginden , daha biiyiik farklar s6z konusu
olabilir. Bu sebeple gelistirilen bir metod, en iyisi , deney sonuglan ile mukayese
edilerek dogrulanmahdir. Bu konu Kisim 5.4°de ele alinmugtir.

5.3 Sabit Ozgiil Enerji Halinde Debi Dagitimunin Hesab: I¢in Liizumlu

Bilgisayar Programlarmin Gelistirilmesi

Burada, daha o6nce Kisim 5.2°de esaslan verilen yontemin sayisal uygulamalarina
imkan saglamak amaciyla Quick Basic dilinde geligtirilen iterasyon programlan
a¢iklanacaktir. Gelistirilen programlarda biitiin savaklar igin E 6zgiil enerji yiiksekligi
sabit ve savaklar arasinda enerji kayb1 olmadigi kabul edildigi igin hesaplar tek bir
savaktan debi dagitimi yapiliyormus gibi ideallestirilmigtir.
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Kisim 2.1.4’de agiklandifx tizere, bir dikdortgen kanaldaki yan savak akiminda, h;
savak baglangicindaki su derinligi, h, savak sonu su derinligi, E enemi yiiksekligi ve p
savak sirtimin kanal tabamindan yiiksekligi olduguna gore, L savak uzunlugunun b
kanal genisgliine oram

2

é__ 3 J’ 2-3z
b 2444 22 PY
(1—z)(3l/lz—2)(1[/z—f)

ifadesiyle hesaplanabilmektedir (Muslu-Toziuk 1994). Bu denklemde y parametresi

dz (5.5)

(2.22) bagintisi ile tanmimlanmaktadir. z; ve z, ise
Zy=—70 V& Zz,="7 (5.6)

olarak verilen boyutsuz buyikliklerdir. (5.5) ifadesinin sag tarafindaki biitiin
biiyiikliikler belli oldugundan, bu integralin degeri sayisal integrasyon yontemlerinden
birisi ile hesaplanabilir. Bu c¢aliyjmada, sayisal integrasyon yontemlerinden Romberg
yonteminden yararlanilmigtir (Tozluk, 1994 ; Burden ve Faires, 1985). Ek A ila Ek

E’ de listeleri verilen programlarin dayandif esaslar agagida agiklanmigtir.

AL
"T’%) Fonksiyonunu Veren Bilgisayar Programmin

Hazirlanmasi (Ek A)

§3.1 XAL/b= F(z

Esaslann Tozluk (1994) ve Muslu-Tozluk (1994)’de verilen bu program, asagida
agiklanacak degigiklikler ve ilaveler yapilarak, XAL /b fonksiyonu hesaplanacak bir
sekle donistiirilmiigtiir (Ek A). Bu galigma igin gelistirilen bilgisayar programinda,
problemin verilerinin z;,, p / E ve AL / b oldugu kabul edilerek, (5.5)’de verilen
bagintinin iterasyon yontemi ile ¢6ziimii sonucu z; boyutsuz biyiikligia ve XAL / b

orani hesaplanmaktadir. Bu amagla savak uzunlugu yeterince kiigiik ve birbirine esit
pargalara ayrilir:
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Bu durumda her bir parganin uzunlugu,

F(z) ¢

4

v

Z Z Z

L L L L
np nlp p Np

-

Sekil 5.2 Savak uzunluBunun birbirine esit pargalara ayrilmasi

A Lin
lboz—bL—= 3 £ (5.7)

olarak belirlenir. Bu ifadedeki n, savagm boliindiigii par¢a sayisidir. Daha sonra her

bir parga i¢in Froude sayisi ve y degeri,

Fr= ZL—I'—IJ (5.8)
Z

v =1-0036Fr (5.9)

bagintilan ile hesaplanarak (5.5) bagintisini saglayan z, degeri iterasyonla belirlenir.
Z>’nin alacag degerler z; <z, < 1 aralify iginde bulunacagindan iterasyon sirasinda
zy’ye once (z1+ 1)/ 2 degeri verilerek (5.5) bagntiss yardimiyla herbir parga

i¢in

(AL/b),,,,, =1bb (5.10)
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degeri hesaplanmakta ve hesaplanan bu deger, programin baslangicinda (5.7)
bagintisina gore belirlenmis olan lbo degeri ile karsilagtiriimaktadir (Tozluk,1994).
Bulunan Ibb degeri ile verilen lbo degeri arasindaki fark 6nceden belirlenen bir hata
simirindan  kiigiikse dier savak pargasina gegilir. Akst durumda s6z konusu savak
parcasi igin igleme devam edilir. Iterasyonda, hesaplanan Ibb oram verilen lbo
oranindan biiyiikse yeni z, deger ile z; deger, bundan 6nceki adimda kullanilan z,
degeri ile z; degeri arasinda olacaktir. Hesaplanan 1bb oranimn verilen lbo oranindan
kiigiik olmas1 halinde ise yeni z, degeri bundan 6nceki adimda kullanilan z,’1 ile 1
arasinda olacaktir. Her iki durumda da z,’ye yeni belirlenen alt ve iist smrlarin
ortalamasi olan bir deger verilmektedir. Bu savak parcasinda bulunan g¢ikis datalan
bundan sonraki savak pargasi igin girig datas: olarak kullanilir. Bu iglem biitiin savak

parcalan i¢in tekrarlanarak hesaba son verilir.

Bu amagla hazirlanan bilgisayar programinin kodlanmig sekli Ek A’da verilmis ve akig
semasi Sekil 5.3’ de gosterilmigtir. Programda ;

Ibo: Problemin baglangicinda belirlenen ve kargilagtirmada kullanilan AL/b
degerini
Ibb: (5.5) bagmntisna gore her z; ve z)’ye karsihk gelen (AL/b)hessp

degerini
gostermektedir.

AL p _ ) AL p
5.3.2 QZ—F(Zl, 5 ’E’E’b) ve h —F(zl, 5 ,E,E,b)

Fonksiyonlarmi Veren Bilgisayar Programinin Hazirlanmas: (Ek B)

Bu ¢ahisma igin geligtirilen Ek B’deki programda, problemin verilerinin z;, p/E, E,
AL/b ve b oldugu kabul edilerek (5.5)’de verilen bagintinin iterasyon yontemi ile
¢Oziimii sonucu z, boyutsuz biyiikligii, XAL/b oram (savak uzunlugu / kanal
genisligi), h, su derinligi ve bu derinlife kars1 gelen Q. debisi hesaplanmaktadir. z,
degérini hesaplayan iterasyon metodu Kisim 5.3.1°de anlatimuigtir. Bu kisimda her
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( Zi,1bo, pol,

k=k+1

!

[PSI=1-0.036 Fr |

Zyr=12,, Zpsr=1

Z,= (Zart

+ Zost) / 2

1.Alt Programdan 2.20
ifadesinin integral degeri
¢ nin yeni z; igin hesab

Ibb =.

(P.A[ 1

Ibo< Ibb

Sekil 5.4. Ek A’da verilen programin akig semasi
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savak pargasi igin bulunan z, degerine karsiik gelen h, su derinlifi ve Q. debisi

sirastyla,

h=2zE (5.11)

O=bh\2g(E—h) (5.12)

bagintilann yardumi ile bulunmaktadir. Bu amagla hazirlanan bilgisayar programinin

kodlanmis sekli Ek B’de verilmis ve akig gemast Sekil 5.4’ de gosterilmigtir.

AL p AL p
5.3.3 Q2=F(Z“_b—’f’ g,.ﬁ;,bj ve hz=F(Zl,7’—,E, gin';’b)

Fonksiyonlarinm Veren Bilgisayar Programmm Hazirlanmas: (Ek C)

Bu ¢alisma i¢in geligtirilen Ek C programinda, problemin verilerinin z;, AL /b, p /
E, Qgns ve b oldugu kabul edilerek (5.5)’de verilen bagintimin iterasyon yontemi ile
¢6ziimii sonucu z, boyutsuz buyiklugi, XAL /b oram (savak uzunlugu / kanal
genigligi) h,, su derinlifi ve bu derinlie kars1 gelen Q. debileri hesaplanmaktadir.
Burada Qgis, ilk savaga giren debiyi gosterir. Program, z,’e , Qs debisine ve b

kanal genisligine bagl olarak once (5.4) bagintis1 yardimiyla

Qgi-z 13
E=[2gbzzlz(l—zl)] G4

E ozgil enerji yikseklifi hesaplanmakta, daha sonra z, degeri iterasyonla
bulunmaktadir. z, degerini hesaplayan iterasyon metodu Kisim 5.3.1°de anlatilmigtir.
Her savak pargasi i¢in bulunan z, degerine kargihk gelen h, ve Q, degerleri Kisim
5.3.2’de anlatildig1 gibi (5.11) ve (5.12) bagntilan yardimiyla bulunmaktadir. Bu
amagla hazirlanan bilgisayar programmin kodlanmig gekli Ek C’de verilmis ve akig
semast Sekil 5.5’de gosterilmigtir.
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( Z,,Ibo, pol,LE, b

k=k+1

Fr= 2(l - l)
2y

[PSI=1-0.036 Fr |

Znr=12y, Zosr=1

Zz= (ZALT+ Zﬂs‘r) /12

1.Alt Programdan 2.20
ifadesinin integral degeri
¢ nin yeni z; igin hesab1

ZALT'_" ZZ Zﬁs’r = Zz

Ibb = ¢.a1;

| Ibo-Ibb| < 107

Sekil 5.5. Ek B’de verilen programin akig semasi
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BASLA

@,lbo,pol,%,,b
|

2 3
E= g
19.62-b%-z%-(1-2,)

k=k+1

Fr= 2[—1—— 1)
2
.
[PSI=1-0.036 Fr |
+

Zanr=Zy, Zosr=1

Zz= (ZALT + Z()s-r) /2

1.Alt Programdan 2.20
ifadesinin integral deferi
¢ nin yeni z; i¢in hesab:

Zar=2, Zosr=12Z,

lbb = ¢.A11

Ibo<lbb

Q=bh.(19.62 (E-h))™

+
71, Zs, Fr, PSL Ibo, h, Q /J

Sekil 5.6. Ek C’de verilen programin akig semast
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AL AL
5.304 Q2 =F(Z])7)p’Qg1n;’b) ve hz =F(zl’—b—’p’len§’b]

Fonksiyonlarin1 Veren Bilgisayar Programinin Hazirlanmasi (Ek D)

Bu ¢ahgma icin gelistirilen Ek D programinda, problemin verilerinin z,, AL/, p,
Qgiris ve b oldugu kabul edilerek (5.5)’de verilen bafintimin iterasyon yontemi ile
¢oziimii sonucu z, boyutsuz buyiikligii, XAL /b oram (savak uzunlugu / kanal
geniglidi ), hy su derinlifi ve bu derinlife karsi gelen Q. debisi hesaplanmaktadir.
Programin baglangicinda E 6zgiil enerjisi, z;’e, Qgs debisine, b savak genigligine

bagh olarak (5.4) bagintist yardimiyla hesaplamr. (5.5) bagintisinda gerekli olan p / E

orani ise;

P

= 5.13
pol="+, (5.13)

bagintist yardimiyla elde edilir. Programin devaminda bulunacak olan z, h, ve Q>

degerlerinin hesaplanmasi Kisim 5.3.3’de anlatildig1 gibidir.

Bu amagla hazirlanan bilgisayar programinin kodlanmis sekli Ek D’de verilmis ve akig
semast Sekil 5.6’de gosterilmigtir.

5.3.5 Giris Debisinin Tamamnm Dagitilmas: Halinde (z; )1 iterasyonla Bulan

Programm Hazirlanmasi (Ek E )

Bu kisimda baglangicta verilen girig debisinin son savagin nihayetinde sifir olmasi sart1
gozoniinde bulundurularak tamamen dagitilmasi amaciyla gelistirilen  bilgisayar
programu agiklanacaktir. Programin genel yapisi esas olarak Kisim 5.3.1°de verilen
EkA programi ile aymdir. Ancak bu programda iterasyon islemine savak sonundan
baglanmaktadir. Son savaktaki debinin sifir olabilmesi yani tamamen dagitilabilmesi
icin z; boyutsuz bityiikliigiiniin 1 olmas:t gerekmektedir. Bu durumda z, boyutsuz

ifadesi
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BASLA

Z,,1b0,p, Quiy, b
e

v3
e
1962-5% 22 -(1-z2,)

Fr= ’Z[l-- )
%
+
[PSI=1-0.036 Fr |

4
Zanr=12y, Zpst=1

Z,= (Zar+ Zost) /2

1.Alt Programdan 2.20
ifadesinin integral degeri
0 nin yeni z; igin hesabi
=2, Zost =Z,
Ibb =¢.Ay; T
Ibo<Ibb
H E

| Ibo-Ibb| < 107

Q =b.h.(19.62 (E-h))"*
|

Zy, Z», Fr, PSL, lbo, b, Q /'

Sekil 5.7. Ek D’de verilen programn akis semasi
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h,=E (5.149)

by |

N
()
I

halini alir. Aym sonuca

Q" 1
= — 5.15

ifadesinde Q, yerine sifir konuldugunda da ulagilmaktadir. Programin baglangicinda
z,=1 olup, p degeri bilinmektedir. Once savagin mansabindaki h, yiiksekliginin
muhtemel alt ve iist sinirlarina bir deger verilir (hay ve hgy gibi). Buna gore E, hy, ve
hyy arasinda bir degere sahip olacaktir. Hesaba baglanirken E = (ha + hog) / 2
olmak iizere, E’ye bir deger atanir. Savak, istenen hassasiyete gére uygun sayida esit
parcaya boliniir. Yukanda belirtildigi gibi son savak pargasindan baglanarak Kisim
5.3.1’de agiklanan sayisal iterasyonla (5.5) bagintindan z, degeri elde edilir. Bu
savak pargasi i¢in islem bittifinde dier savak pargasmna gegilir. S6z konusu savak
pargas! i¢in z, degeri olarak bir 6nceki adimda elde edilen z, degeri kullanihr. Aym
islemler sirasiyla biitiin savaklar i¢in tekrarlamir. Hesap sonucunda ik savak
pargasinin baglangici igin bulunan z; degerine kars1 gelen Q, debisi, dagitim kanalinin
giris debisine yeter derecede yakin oldugunda iterasyon iglemine son verilir. Aksi
halde, isleme devam edilerek son savak pargasina tekrar doniillir. Hesaplanan Q;
debisi, verilen Qgy, debisinden buyiikse, yeni h, = E degeri bundan 6nceki adimda
kullanilan E degeri ile h.: degeri arasinda, aksi halde, bundan onceki adimda
kullanilan E degeri ile hyy arasinda olacaktir. Her iki durumda da E’ye bu
degerlerin ortalamas: olan bir deger verilmektedir. Burada , h,y = 0 alinabilir. hey
icin gercek E degerine miimkiin olduu kadar yakin, fakat ondan biiyiik bir deger
verilmelidir. hye, gercek degerinin ¢ok (istiinde tahmin edilmigse iterasyon iglemi
uzun sirmektedir. hyy < E olarak tahmin edilmigse program galigmadigindan hgg

degen1 arttirihr.

Bu amagla hazirlanan bilgisayar programunin kodlanmug sekli Ek E’de verilmig ve akig
semast Sekil 5.7’ de gosterilmigtir.
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(72, 10,p, Quay, b

Har=0 , Hosr=1

Hy= (Haur+ Hosr) / 2

[PSI=1-0.036 Fr |

v

Zanr=12,, Zosr=1

Zz = (ZALT + ZUs'r) /2

v

Sekil 5.8 Ek E’de verilen programm akig semasi

Hysr=H,

DQ<Q(i)
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| “
1.Alt Programdan 2.20
ifadesinin integral degeri
¢ nin yeni 2z, igin hesab1

Zanr=2, Zost =2

Ibb = ¢.An bo<ibb

1bo-1bb <107

— | Q) =b.b.(19.62 (E-h))*’

Jig
24, Zs, Fr, PSI, Tbo, b, Q(i) /3

DQ-Q(i) < 0.00001

Sekil 5.8 Ek E’de verilen programm akig semasi (Devam)
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5.4 Gelistirilen Modelin Deney Sonuclartyla Dogrulanmasi

Gelistirilen modelin deneylerle dogrulanmas: igin Hager (1982)’in deney sonuglan
degerlendirilmistir. Bu deneyler 0.3 m genisliginde bir akim kanali iizerinde
gergeklestinimigtir (Sekil 5.8). Kanalin son dbrtte bir kismunda 20 em uzuniuklu 8
adet yan savak vardir ($ekil 5.9). Bu savaklann kret yiksekligi p = 0.102 m dir.
Akim kanalinin uzunlufu 50 m dir ve nihayetinde debi kontrolu igin bir kapak
bulunmaktadir.

Boyuna Kesit
Z ®
© @j'_, — |
11 \ ‘
gl |
@
Plan
®
~—] L ©F
@ Ay == ™ L
— @ I I 1. L~ @_——.
L R RN

SNONONNY

\\NNNNN
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Sekil 5.8 Deney dizeninin plan ve kesitleri (Hager, 1982)
1.Girig, 2. Giris yapisi ve debi 6lgeri, 3. Ana akim kanali, 4. Dagiim bdlgem
5. Kapak, 6. Toplama kanali, 7. Cikis, 8. Debi dlgme kanali, 9. Toplama kutusu.

2
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Bu sekliyle deney diizenine, ¢okeltme havuzu gibi bir proses tnitesinin debi dagitim
kanal géziiyle bakilabilir. Her yan savaktan gikan debi, istenilen konuma getirilebilen
bir toplama kutusu (9) ile almip bir 6lgme kanalina sevkedilebilir. Bu kanal $ekil
5.8’de (8) Numara ile gosterilmigtir. Olgme kanalimin sonunda bir tiggen savak
mevcuttur.  Boylece herbir savaktan ¢ikan debinin ayrt ayn tayini mimkin
olmaktadir. Debisi 6lgiilmeyen diger savaklardan g¢ikan sular (6) No’lu toplama
kanahna dokiilmektedir. (8) No’lu 6lgme kanali da tiggen savaktan gecen sular bu

kanala verir.

230 cm

1
[}
1
i
i
30 l
cm I
i ) 3 4 5 6 7 8 !
= —f I T I I - —T —
I
i g :
: . p E 8 . : : . : ) 1
435 1 oass 495 sas i 45 1 sgst : D655
o : . © 605 635 :
m : ‘'m m 525 m 5.55 m : . 6.15 m 645m
445 465 485 oy m 5.85 m 5. 6.65
m m m m m

Y20 100 g (100 20
em om gy om ©om

Sekil 5.9 Deneylerde kullanilan debi dagitim kanalinin plant (Hager, 1982)

Boylece biitiin sular (7) No’lu gikig noktasinda tekrar bag tarafa yani 1 No’lu giris
borusuna geri dondiiriiliir. Ana kanal boyunca su yiikseklikleri ve ortalama hizlar her
20 cm’de bir 6lgilmiigtir. Su yikseklikleri bu kesitlerde ana akim dogrultusuna dik
olarak bulunmus ve bunlann ortalamas: alnmgtir. Bu degerler yardimyla da
kesitlerdeki debiler hesaplanmigtir. Girig borusunda toplam debi bir orifismetre ile
ayrica Olgiilmiiy ve savaklanan debilere ait 6lgme neticelert de kullanilarak her 20
cm’de alinan kesitlerden gegen debiler kontrol edilmigtir. Bu deney sonuglarim
geligtirilen teoriden elde edilecek sayisal sonuglarla karsilastirmak igin 20 cm

uzunluklu her bir yan savak 16 egit kisma boliinmis ve Ek D’deki bilgisayar programi
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her bir savak parcasma tatbik edilmigtir. Numerik hesapta, 8 savakli bu dagitim
kanali igin programun girig datalan olarak,

Q=0.0297m’/s, AL/b =@£—6= 004166667 ve p=0.102 m

degerleri kullamlmigtir. Bu caliymada Hager (1982)’in 20 No’lu deney sonucu
degerlendirilmistir. Bu deneyde girig debisi Q = 0.0297 m’ / s olup, bu debinin 8
savak tarafindan dagitildiktan sonra 8. savagn sonunda O olmas: gerekir. Niimerik
hesapta dagitilan debi igin maksimum mutlak hata 0.00008 m’ / s olarak almustir.
Debinin istenilen hata sintrim saglayacak sekilde dagitilabilmesi i¢in baslangigtaki za
boyutsuz su yiiksekliginin, iterasyonla belirlenmesi gerekir. Bu amagla Ek D’de verilen
bilgisayar programumin cahstirilmasi sonucunda z, = 0.8406 degeri bulunmus ve
iterasyon adimlarina ait sonuglar Tablo 5.5°de gosterilmistir. Iterasyon sirasinda
savaklar arasinda su yiizeyi kanal tabanina paralel kabul edilmigti. Bu sebeple
savaklar birlesmig gibi digiiniilmiis ve tek bir savak olarak ideallestirilmigtir.

AL _ (8)(20)

Savagin memba ucu igin = 5333333 degeri kullanilmugtir.

Deney sonuglarina ait debi ve su yiikseklikleri ile Ek D’de verilen bilgisayar programi
ile hesaplanan debi ve su yiikseklikleri Tablo 5.6’da kargilagtirmali olarak verilmigtir.
Ek D’de verilen bilgisayar program ile hesaplanan aym debi ve su yiksekliklerini
Chao -Trussell tarafindan onerilen yolla elde edilecek sayisal sonuglarla kargilagtirmak
amaciyla da Boliim 4’de agiklanan bilgisayar programi ¢alistinlmig ve Tablo 5.7°de

verilen sonuglar elde edilmigtir.

Deney sonuglariyla , Ek D’de verilen bilgisayar programi ve Chao-Trussell tarafindan
onerilen yolla elde edilen su yizi profilleri Sekil 5.10°da aynntii  olarak
verilmigtir. Sekil 5.10’dan da gorulduga gibi, bu ¢alismada gelistirilen ve Ek D’de
verilen bilgisayar program ile elde edilen sayisal sonuglar, deney sonuglarna oldukga
yakindir. Chao-Trussell tarafindan gelistirilen bilgisayar programu ile elde edilen

sonuglar ise deney sonuglarindan daha uzaktir.



79

Tablo 5.5 Ek D’de verilen program yardimiyla hesaplanan Q,=F(z;, ALb,p, Quis,b)
ve h,=F(z;, AL/, p, Qqs, b) fonksiyonlar

z1= 0.8406 ; p=0102m ; AL/b=0.0416667

Qyiris = 0.0297 m’/s ; b=0.3m

;¥ =1-0. 036*Fr

7

Y /)

Fr

4

ZAL/D

h
(m)

(m’/sn)

0.8406000
0.8422012
0.8438081
0.8454206
0.8470385
0.8486616
0.8502898
0.8519228
0.8535606
0.8552029
0.8568496
0.8585005
0.8601553
0.8618139
0.8634761
0.8651416
0.8668103
0.8684819
0.8701563
0.8718331
0.8735122
0.8751934
0.8768764
0.8785609
0.8802467
0.8819336
0.8836214
0.8853096
0.8869982
0.8886868
0.8903752
0.8920630
0.8937500
0.8954360
0.8971206
0.8988035
0.9004845
0.9021632

0.8422012
0.8438081
0.8454206
0.8470385
0.8486616
0.8502898
0.8519228
0.8535606
0.8552029
0.8568496
0.8585005
0.8601553
0.8618139
0.8634761
0.8651416
0.8668103
0.8684819
0.8701563
0.8718331
0.8735122
0.8751934
0.8768764
0.8785609
0.8802467
0.8819336
0.8836214
0.8853096
0.8869982
0.8886868
0.8903752
0.8920630
0.8937500
0.8954360
0.8971206
0.8988035
0.9004845
0.9021632
0.9038394

0.6158351
0.6121515
0.6084465
0.6047201
0.6009724
0.5972035
0.5934133
0.5896020
0.5857695
0.5819160
0.5780414
0.5741458
0.5702293
0.5662920
0.5623339
0.5583550
0.5543554
0.5503333
0.5462945
0.5422333
0.5381517
0.5340498
0.5299276
0.5257852
0.5216227
0.5174402
0.5132377
0.5090154
0.5047732
0.5005114
0.4962300
0.4919290
0.4876086
0.4832689
0.4789099
0.4745318
0.4701347
0.4657185

0.9778299
0.9779625
0.9780959
0.9782301
0.9783650
0.9785007
0.9786371
0.9787743
0.9789123
0.9790510
0.9791905
0.9793308
0.9794717
0.9796135
0.9797560
0.9798992
0.9800432
0.9801879
0.9803334
0.9804796
0.9806265
0.9807742
0.9809226
0.9810717
0.9812216
0.9813722
0.9815234
0.9816754
0.9818282
0.9819816
0.9821357
0.9822906
0.9824461
0.9826023
0.9827592
0.9829169
0.9830752
0.9832341

0.0416667
0.0833333
0.1250000
0.1666667
0.2083333
0.2500000
0.2916667
0.3333333
0.3750000
0.4166667
0.4583333
0.5000000
0.5416667
0.5833333
0.6250000
0.6666667
0.7083333
0.7500000
0.7916667
0.8333333
0.8750000
0.9166667
0.9583333
1.0000000
1.0416667
1.0833333
1.1250000
1.1666667
1.2083333
1.2500000
1.2916667
1.3333333
1.3750000
1.4166667
1.4583333
1.5000000
1.5416667
1.5833333

0.1381097
0.1386368
0.1389017
0.1391675
0.1394342
0.1397017
0.1399700
0.1402391
0.1405089
0.1407795
0.1410507
0.1413226
0.1415951
0.1418682
0.1421418
0.1424160
0.1426907
0.1429658
0.1432413
0.1435171
0.1437933
0.1440699
0.1443466
0.1446236
0.1449008
0.1451781
0.1454554
0.1457329
0.1460103
0.1462877
0.1465650
0.1468422
0.1471192
0.1473960
0.1476725
0.1479486
0.1482245
0.1484999

0.0297000
0.0295118
0.0294152
0.0293168
0.0292168
0.0291149
0.0290113
0.0289059
0.0287986
0.0286896
0.0285786
0.0284658
0.0283510
0.0282343
0.0281157
0.0279951
0.0278725
0.0277479
0.0276213
0.0274926
0.0273619
0.0272290
0.0270941
0.0269570
0.0268177
0.0266763
0.0265327
0.0263869
0.0262389
0.0260886
0.0259360
0.0257812
0.0256241
0.0254647
0.0253029
0.0251388
0.0249723
0.0248035
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z

Fr

y

ZALD

h

Q

0.9038394
0.9055127
0.9071828
0.9088495
0.9105123
0.9121710
0.9138252
0.9154747
0.9171190
0.9187579
0.9203910
0.9220180
0.9236384
0.9252521
0.9268585
0.9284574
0.9300485
0.9316312
0.9332054
0.9347705
0.9363263
0.9378724
0.9394084
0.9409340
0.9424487
0.9439522
0.9454440
0.9469239
0.9483915
0.9498463
0.9512880
0.9527162
0.9541304
0.9555304
0.9569158
0.9582861
0.9596409
0.9609800
0.9623028
0.9636090
0.9648983
0.9661702
0.9674243
0.9686603
0.9698779

0.9055127
0.9071828
0.9088495
0.9105123
0.9121710
0.9138252
0.9154747
0.9171190
0.9187579
0.9203910
0.9220180
0.9236384
0.9252521
0.9268585
0.9284574
0.9300485
0.9316312
0.9332054
0.9347705
0.9363263
0.9378724
0.9394084
0.9409340
0.9424487
0.9439522
0.9454440
0.9469239
0.9483915
0.9498463
0.9512880
0.9527162
0.9541304
0.9555304
0.9569158
0.9582861
0.9596409
0.9609800
0.9623028
0.9636090
0.9648983
0.9661702
0.9674243
0.9686603
0.9698779
0.9710765

0.4612836
0.4568299
0.4523575
0.4478666
0.4433572
0.4388296
0.4342837
0.4297197
0.4251377
0.4205378
0.4159201
0.4112848
0.4066319
0.4019616
0.3972740
0.3925692
0.3878474
0.3831086
0.3783530
0.3735807
0.3687918
0.3639865
0.3591648
0.3543270
0.3494731
0.3446033
0.3397177
0.3348164
0.3298996
0.3249674
0.3200199
0.3150573
0.3100797
0.3050873
0.3000801
0.2950584
0.2900222
0.2849717
0.2799070
0.2748283
0.2697357
0.2646294
0.2595095
0.2543761
0.2492295

0.9833938
0.9835541
0.9837151
0.9838768
0.9840391
0.9842021
0.9843658
0.9845301
0.9846950
0.9848606
0.9850269
0.9851937
0.9853613
0.9855294
0.9856981
0.9858675
0.9860375
0.9862081
0.9863793
0.9865511
0.9867235
0.9868965
0.9870701
0.9872442
0.9874190
0.9875943
0.9877702
0.9879466
0.9881236
0.9883012
0.9884793
0.9886579
0.9888371
0.9890169
0.9891971
0.9893779
0.9895592
0.9897410
0.9899233
0.9901062
0.9902895
0.9904733
0.9906577
0.9908425
0.9910277

1.6250000
1.6666667
1.7083333
1.7500000
1.7916667
1.8333333
1.8750000
1.9166667
1.9583333
2.0000000
2.0416667
2.0833333
2.1250000
2.1666667
2.2083333
2.2500000
2.2916667
2.3333333
2.3750000
2.4166667
2.4583333
2.5000000
2.5416667
2.5833333
2.6250000
2.6666667
2.7083333
2.7500000
2.7916667
2.8333333
2.8750000
2.9166667
2.9583333
3.0000000
3.0416667
3.0833333
3.1250000
3.1666667
3.2083333
3.2500000
3.2916667
3.3333333
3.3750000
3.4166667
3.4583333

0.1487748
0.1490492
0.1493230
0.1495962
0.1498687
0.1501405
0.1504115
0.1506817
0.1509510
0.1512193
0.1514866
0.1517528
0.1520179
0.1522819
0.1525446
0.1528060
0.1530660
0.1533247
0.1535818
0.1538374
0.1540914
0.1543438
0.1545945
0.1548433
0.1550903
0.1553355
0.1555786
0.1558197
0.1560587
0.1562956
0.1565303
0.1567626
0.1569926
0.1572203
0.1574454
0.1576680
0.1578880
0.1581053
0.1583199
0.1585318
0.1587407
0.1589468
0.1591499
0.1593499
0.1595468

0.0246323
0.0244586
0.0242826
0.0241041
0.0239231
0.0237397
0.0235539
0.0233656
0.0231747
0.0229814
0.0227856
0.0225872
0.0223863
0.0221829
0.0219769
0.0217684
0.0215574
0.0213438
0.0211276
0.0209088
0.0206875
0.0204637
0.0202372
0.0200082
0.0197766
0.0195425
0.0193058
0.0190665
0.0188247
0.0185803
0.0183334
0.0180839
0.0178319
0.0175774
0.0173204
0.0170609
0.0167989
0.0165344
0.0162675
0.0159981
0.0157263
0.0154521
0.0151754
0.0148965
0.0146151
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Fr

Y

ZAL/b

h

Q

0.9710765
0.9722559
0.9734156
0.9745553
0.9756747
0.9767733
0.9778508
0.9789068
0.9799410
0.9809530
0.9819425
0.9829090
0.9838524
0.9847721
0.9856680
0.9865396
0.9873866
0.9882087
0.9890057
0.9897771
0.9905226
0.9912421
0.9919351
0.9926013
0.9932406
0.9938526
0.9944371
0.9949937
0.9955223
0.9960225
0.9964942
0.9969370
0.9973509
0.9977355
0.9980906
0.9984161
0.9987116
0.9989772
0.9992125
0.9994174
0.9995917
0.9997353
0.9998481
0.9999298
0.9999802

0.9722559
0.9734156
0.9745553
0.9756747
0.9767733
0.9778508
0.9789068
0.9799410
0.9809530
0.9819425
0.9829090
0.9838524
0.9847721
0.9856680
0.9865396
0.9873866
0.9882087
0.9890057
0.9897771
0.9905226
0.9912421
0.9919351
0.9926013
0.9932406
0.9938526
0.9944371
0.9949937
0.9955223
0.9960225
0.9964942
0.9969370
0.9973509
0.9977355
0.9980906
0.9984161
0.9987116
0.9989772
0.9992125
0.9994174
0.9995917
0.9997353
0.9998481
0.9999298
0.9999802
0.9999991

0.2440696
0.2388968
0.2337110
0.2285125
0.2233015
0.2180780
0.2128422
0.2075942
0.2023343
0.1970625
0.1917790
0.1864840
0.1811775
0.1758598
0.1705310
0.1651912
0.1598407
0.1544794
0.1491077
0.1437256
0.1383333
0.1329310
0.1275188
0.1220968
0.1166652
0.1112242
0.1057739
0.1003145
0.0948461
0.0893688
0.0838829
0.0783885
0.0728857
0.0673747
0.0618556
0.0563287
0.0507940
0.0452517
0.0397020
0.0341451
0.0285812
0.0230105
0.0174338
0.0118536
0.0062920

0.9912135
0.9913997
0.9915864
0.9917735
0.9919611
0.9921492
0.9923377
0.9925266
0.9927160
0.9929057
0.9930960
0.9932866
0.9934776
0.9936690
0.9938609
0.9940531
0.9942457
0.9944387
0.9946321
0.9948259
0.9950200
0.9952145
0.9954093
0.9956045
0.9958001
0.9959959
0.9961921
0.9963887
0.9965855
0.9967827
0.9969802
0.9971780
0.9973761
0.9975745
0.9977732
0.9979722
0.9981714
0.9983709
0.9985707
0.9987708
0.9989711
0.9991716
0.9993724
0.9995733
0.9997735

3.5000000
3.5416667
3.5833333
3.6250000
3.6666667
3.7083333
3.7500000
3.7916667
3.8333333
3.8750000
3.9166667
3.9583333
4.0000000
4.0416667
4.0833333
4.1250000
4.1666667
4.2083333
4.2500000
4.2916667
4.3333333
4.3750000
4.4166667
4.4583333
4.5000000
4.5416667
4.5833333
4.6250000
4.6666667
4.7083333
4.7500000
4.7916667
4.8333333
4.8750000
4.9166667
4.9583333
5.0000000
5.0416667
5.0833333
5.1250000
5.1666667
5.2083333
5.2500000
5.2916667
5.3333333

0.1597406
0.1599312
0.1601184
0.1603023
0.1604828
0.1606599
0.1608334
0.1610033
0.1611695
0.1613321
0.1614909
0.1616459
0.1617970
0.1619442
0.1620874
0.1622266
0.1623617
0.1624926
0.1626193
0.1627418
0.1628600
0.1629739
0.1630833
0.1631884
0.1632889
0.1633850
0.1634764
0.1635633
0.1636454
0.1637229
0.1637957
0.1638637
0.1639269
0.1639852
0.1640387
0.1640873
0.1641309
0.1641696
0.1642032
0.1642319
0.1642555
0.1642740
0.1642874
0.1642957
0.1642988

0.0143314
0.0140454
0.0137571
0.0134666
0.0131738
0.0128788
0.0125816
0.0122822
0.0119808
0.0116772
0.0113715
0.0110639
0.0107542
0.0104426
0.0101290
0.0098135
0.0094962
0.0091771
0.0088562
0.0085336
0.0082093
0.0078833
0.0075557
0.0072266
0.0068959
0.0065638
0.0062302
0.0058953
0.0055590
0.0052215
0.0048827
0.0045428
0.0042017
0.0038596
0.0035165
0.0031723
0.0028273
0.0024815
0.0021348
0.0017874
0.0014393
0.0010907
0.0007417
0.0003937
0.0000845
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Tablo 5.6 Deney sonuglan ve Ek D’de verilen programin ¢aligtinimas: sonucu elde

edilen niimerik sonuglarn kargilagtiriimasi

Baslangig Hager tarafindan Ek D’ deki programdan Savaktan Savaktan
noktasmn- elde edilen elde edilen gegen gegen
dan olan Ea\lrlaku;aﬁl:;(n giemdan Boyutsuz | deney sonuglan niimerik sonuglar debi debi
uzakltk uzaklik (Geligtiri (Hager
toplam len prog tarafindan
ramdan) Slgitlen)
$ Q h Q h
x=s/b /sy | (m%s)
(m) (m) (m*/ 5) (m) (@’/s) (m)
1 2 3 4 5 6 7 8 9 10
4,20 - - - 0.0297 0.1342 - -
43S 0 0 0 0.02970 0.1381
4.40 0.05 0.166666 | 0.166666 | 0.0292 0.1359 0.02932 0.1392 0.00171 0.00215
4.55 0.20 0.666666 | 0.666666 | - - 0.02799 0.1424
4.60 - - 0.0276 0.1410 0.02799 0.1424
4.65 0 0 0.666666 | - - 0.02799 0.1424
4.80 0.15 0.50 1.166666 | 0.0255 0.1408 0.02639 0.1457 0.00221 0.0026
4.85 0.20 0.666666 | 1.333333 | - - 0.02578 0.1468
495 0 0 1.333333 | - - 0.02578 0.1468
5.00 0.05 0.166666 | 1.499999 | 0.0243 0.1482 0.02510 0.1479 0.00280 0.0032
5.15 0.20 0.666666 | 1.999999 | - - 0.02298 0.1512
5.20 - - - 0.0217 0.1553 0.02298 0.1512
5.25 0 0 1.999999 0.02298 0.1512
5.40 0.15 0.50 2.50 0.02080 0.1553 0.0204¢6 0.1543 0.00344 0.00375
5.45 0.20 0.666666 | 2.666666 | - - 0.01954 0.1553
5.55 0.0 0.0 2.666666 | - - 0.01954 0.1553
5.60 0.05 0.166666 | 2.833333 | 0.0170 0.1558 0.01858 0.1562 0.00409 2.0042
5.75 0.20 0.666666 | 3.333333 - 0.01545 0.1589
5.80 - - - 0.01380 0.1577 0.01545 0.1589
5.85 0 0 3.333333 0.01545 0.1589
6.00 0.15 0.50 3.833333 | 0.0108 0.1583 0.01198 0.1612 0.00470 0.0045
6.05 0.20 0.666666 | 3.999999 | - - 0.01075 0.1618
6.15 0 0 3.999999 0.01075 0.1618
6.20 0.05 0.166666 | 4.166666 | 0.0082 0.1591 0.00950 0.1624 0.00519 0.0046
6.35 0.02 0.666666 | 4.666666 0.00556 0.1636
6.40 - - - 0.0047 0.15%0 0.00556 0.1636
6.45 0 ¢ 4.666666 0.00556 0.1636
6.60 0.15 0.50 5.166666 | 0.0012 0.1598 0.001439 0.1643 0.0054755 1 0.0047
6.65 0.20 0.666666 | 5.333333 0.00008450 0.1643
6.80 - - - 0 0.1598 0.00008450 0.1643

5.5 Savaklanan Debilerin Birbirine Cok Yakin Olacak Sekilde Kanal

Genisligi Degistirilerek Ayarlanmas:

Bu béliimde kanal genigliginin debi dagilimina etkisini aragtirmak iizere yapilan bir

calismanin sonuglan degeriendirilecektir.

Bu amagla bes ayn savak genigligi icin debi dagilimlan, Ek E’de verilen bilgisayar

program: kullamlarak elde edilmigtir. Elde edilen sayisal sonuglar Tablo 5.8 , 5.9,

5.10, 511, 5.12’de verilmigtir. Bu sonuglara gore, savak genigligi arttikca savaklanan
debiler arasindaki mutlak farkin azaldig: gézlenmektedir.
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Tablo 5.7 Ek D’de verilen program ile Chao-Trussell tarafindan onerilen
programdan elde edilen sonuglarin kargilagtinimast

Chao- Savaktan
Bagslangig m El; D;gﬂeld programdan Savaktan g:g;m
noktasin- : elde edilen gegen
dan olan | Savak beslangomdan | g, | Sutrien | nomerik sonuglar debi (Chao-
uzaklik yolla ¢l (Hesapla Trussell
uzaklik uzaklik 1 o iien esapl tarafindan
toplamt | geserier nan) onerilen
yolla)
s h Q h
x=s/b (m3/s) (m®/s)

(m) (m) (m) (w’/s) (m)
1 2 3 4 6 7 8 9 10
4,20 - - - - - -
435 0 0 0 0.1303 0.02970 0.1381
4.40 0.05 0.166666 | 0.166666 | - 0.02932 0.1392 0.00171 0.001334
4.55 0.20 0.666666 | 0.666666 | - 0.0279% 0.1424
4.60 - - - 0.02799 0.1424
4.65 0 0 0.666666 | 0.1360 0.02799 0.1424
4.80 0.15 0.50 1.166666 | - 0.02639 0.1457 0.00221 0.001884
4.85 0.20 0.666666 | 1.333333 | - 0.02578 0.1468
495 0 0 1.333333 | 0.1420 0.02578 0.1468
5.00 0.05 0.166666 | 1.499999 | - 0.02510 0.1479 0.00280 0.002555
5.15 0.20 0.666666 | 1.999999 | - 0.02298 0.1512
5.20 - - - - 0.02298 0.1512
5.2§ [¢] ¢ 1.999999 | 0.1480 0.02298 0.1512
5.40 0.15 0.50 2.500000 | - 0.02046 0.1543 0.00344 0.003336
5.45 0.20 0.666666 | 2.666666 | - 0.01954 0.1553
5.55 0 0 2.666666 | 0.1540 0.01954 0.1553
5.60 0.05 0.166666 | 2.833333 | - 0.01858 0.1562 0.00409 0.004168
5.7§ 0.20 0.666666 | 3.333333 | - 0.01545 0.1589
5.80 - - - - 0.01545 0.1589
5.85 0 0 3.333333 | 0.1590 0.01545 0.1589
6.00 0.15 0.50 3.833333 | - 0.01198 0.1612 0.00470 0.004967
6.05 0.20 0.666666 | 3.999999 | - 0.01075 0.1618
6.15 0 0 3.999999 | 0.1640 0.01075 0.1618
6.20 0.05 0.166666 | 4.166666 | - 0.00950 0.1624 0.00519 0.005616
6.35 0.02 0.666666 | 4.666666 | - 0.00556 0.1636
6.40 - - - - 0.00556 0.1636
6.45 0 0 4.666666 | 0.1670 0.00556 0.1636
6.60 0.15 0.50 5.166666 | - 0.001439 0.1643 0.0054755 0.005918
6.65 0.20 0.666666 | 5333333 | - 0.00008450 0.1643
6.80 - - - - 0.00008450 0.1643 0.0296155 0.029778

Tablo 5.8 Ek E’de verilen program yardimiyla hesaplanan Q,=F(z; , ALb,p, Qgus,b)
ve h,=F(z , ALD, p, Quus, b) fonksiyonlar

zy = 0.8408
Qgiris = 0.0297 m*/s

p=0102m ; AL/b=0.0416667
b=03m ; V¥=140.036*Fr

e e

Z Z Fr v 2ALMD h Q Savaklanan
(m) (m’/sm) debi

0.84080000| 0.84240384]0.61537547| 0.977846480.04166667]0.13817846} 0.02970000
0.8653784910.867049380.55778802| 0.97991963 | 0.66666667 | 0.14249232| 0.02798860 oootr
0.89232982§0.8940183010.49124712]0.982315101.33333333|0.14692444| 0.02576642 o002
0.91904000§0.9206734410.41974259] 0.98488927 | 2.00000000 | 0.15130499} 0.02295658 :ZZZZZ

0.9442297410.94572058 }0.34369838 0.98762686 | 2.66666667 }0.15542128] 0.01950620
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Tablo 5.8 (Devam)
z bA Fr 4 ZALMD h Savaklanan
(m) (m’/sm) debi
0.004103
0.96641917]0.96767066(0.26361976| 0.9905096913.33333333|0.15902859} 0.01540346
0.004710
0.98404617]0.98496157]0.18006935}0.99351750{4.000000000.16187021} 0.01069332
0.005206
0.99563433]0.9961286410.09364630] 0.99662873 14.66666667]0.16370542] 0.00548706
0.005442
0.99998733]0.99999974 | 0.00503455]0.99981876 | 5.33333333}0.16434161] 0.00004484

Tablo 5.9 Ek E’de verilen program yardimiyla hesaplanan Q;=F(z; , ALb,p, Quiis.b)
ve h,=F(z; , ALD, p, Quns, b) fonksiyonlar

2y =0.89626389 ; p=0102m ; AL/b=0.0416667
Qgiris =0.0297 m’/s  ; b=0.4m ;W =1-0.036*Fr
” “ Fr 4 ZALD h Q Savaklanan
(m) (m’/sn) debi

0.89626389] 0.89740651| 0.48112955| 0.9826793410.04166667 | 0.13440021 {0.02970000
0.91351324] 0.91466650 0.43514338) 0.98433484 | 0.66666667} 0.13715979]0.02749021 0002209
0.93183864| 0.93296787]0.38248442} 0.98623056 | 1.333333330.13990420|0.02485214 0002638
0.94946013( 0.95052154 | 0.32628245] 0.98825383 | 2.00000000 0.14253648 {0.02175332 0.0030%9
0.96563251 0.966576830.26679826| 0.99039526 | 2.66666667 | 0.14494406 |0.01818092 0.003572
0.97954490] 0.980320540.20436366| 0.99264291 }3.33333333§0.1470050210.01414915 0.004032
0.99038110| 0.99093856| 0.13937228| 0.99498260 | 4.00000000| 0.14859725 | 0.00970512 O00saa
0.99739534} 0.997692190.07226986] 0.99739829 | 4.66666667| 0.14961000 | 0.00493119 0.004774
0.99999351}0.99999990] 0.00360315| 0.99987029| 5.33333333 0.14995606 | 0.00003253 0.0048%9
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Tablo 5.10 Ek E’de verilen program yardimiyla hesaplanan Q;=F(z, , AL/, p, Qgrs,b)
ve h,=F(z; , ALDb, p, Qur,b) fonksiyonlan

z; =0.92623809 ; p=0102m ; AL/M=0.0416667
Qur, =0.0297m’s 5 b=05m ; ¥ =1-0.036*Fr
7 7 Fr v ZALMD h Savaklanan
(m) (m'/sm) debi

0.92623809]0.92709928|0.39908900( 0.98563280] 0.04166667] 0.13119626{ 0.02970000
0.93910763]0.9399583410.36011297]0.98703593] 0.6666666710.13313965} 0.02719272 0.002507(_)
0.952489630.95330502]0.315848690.98862945] 1.33333333]0.13503013]0.02432118 0.0028713
0.96509815]0.96584991]0.268938820.99031820] 2.00000000] 0.13680705] 0.02107285 0.0032483
0.97646151]0.97711913]0.21957187]0.99209541] 2.66666667] 0.13840327] 0.01745024 0.0036226
0.98608611]0.98661872]0.1679894210.99395238{ 3.33333333}0.13974883} 0.01347460 0.0039736
0.99348960]0.99386831]0.11448199]0.99587865] 4.00000000} 0.14077569] 0.00918834 0042863
0.99823990]0.99844029]0.05938357]0.99786219] 4.66666667| 0.14142328)] 0.00465545 0.0045329
0.9999951710.9999999110.0031075210.99988813] 5.33333333] 0.14164420] 0.00003522 0.0046202

Tablo 5.11 Ek E’de verilen program yardimiyla hesaplanan Q.=F(z; , ALb,p, Qgus,b)
ve h,=F(z; , ALD, p, Quns, b) fonksiyonlar

71 =0.94454697 5 p=0102m ; AL/b=0.0416667
Qgny =0.0297 m’%s 3 b=0.6m 5 ¥ =1-0.036*Fr
Z, z Fr v SALMD h Savaklanan
(m) (msn) debi

0.944546971 0.94522143]0.34266193}0.98766417]0.04166667] 0.12860856 | 0.02970000
0.95455313}0.95520918]0.308579390.988891140.66666667] 0.13006032 ] 0.02699375 0.002706
0.964798891 0.9654181710.27013124]0.99027528] 1.33333333| 0.13145037]0.02397230 0.003021
0.974312881 0.9748760210.22962728]0.99173342] 2.00000000) 0.13273814 ] 0.02063307 0.003339
0.98277713) 0.58326387) 0. 1872148|0.99326027) 2. 666667| 0 13388022 o resmsos |
0.989867681 0.9902580010.1430806410.994849101 3.3333333310.13483253]0.01305096 0.003934
0.9952743310.99554980(0.0974485810.99649185 | 4.00000000( 0.13555306 | 0.00886795 0004183
0.99872266| 0.99886784[0.0505761210.99817926| 4.66666667| 0.13600484 [0.00448778 0.004380
0.99999613] 0.999999910.0027814010.99989987| 5.33333333| 0.13615898| 0.00003917 0.004448
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Tablo 5.12 Ek E’de verilen program yardimiyla hesaplanan Q,=F(z; , ALb ,p, Qgus,b)
ve hhy=F(z; , ALb, p, Qurs,b) fonksiyonlan

z; =0.95663339 ; p=0102 m ; AL/D= 0.0416667
Qui,=0.0297m*s ; b=07m ; V¥ =1-0.036*Fr
“ % Fr 4 ZALD h Savaklanan
W | e debi

0.95663339]0.95717690|0.30110639]0.98916017]0.04166667| 0.12649382 0.02970000
0.964635320]0.96517579|0.27071010§ 0.99025444 | 0.66666667) 0.12762336| 0.02685222 0.002847
0.9727709710.97325868] 0.23660600]|0.99148218}1.33333333] 0.12869215]0.02372755 0.003123
0.98022760] 0.98066657]0.20085436] 0.99276924 12.00000000] 0.12967168] 0.02032867 0.003399
0.98679821|0.98717429]0.1635750910.99411130|2.66666667] 0.13053218{0.01666739 0003661
0.99225816]0.99255758(0.12491789]0.99550296 {3.33333333{ 0.13124400( 0.01276574 0.003912
0.99639538|0.9966056110.08506067} 0.99693782 | 4.00000000] 0.13177927} 0.00865640 0.004110
0.5990238210.9991344010.04420715]0.99840854 | 4.66666667} 0.13211364] 0.00438244 0-004274
0.99999660| 0.99999990|0.00260642] 0.99990617 | 5.33333333] 0.13222809] 0.00004692 0.004333




SONUCLAR

Arntma tesislerinde debi dagitim kanallarinin hesabi amaciyla gelistirilen bir iterasyon
yonteminin ve niimerik uygulamalarimn verildigi bu ¢ahsmada, elde edilen sonuglar

agagida siralanmgtir.

1. Savaklar arasindaki gegiste su yiizi profilinin kanal tabammna paralel oldugu
dissiiniilerek tiim savaklar tek bir savaklar tek bir savak olarak ideallestirilmigtir.

2. Su yiizeyinin enine dogrultuda algalmasim ifade eden oramn, y =1-0036Fr
olarak alinmasi halinde sonuglarin gergege yakin olarak dagildigi gosterilmigtir.

3. Tek bir savak olarak ideallestirilen savaklarn kiigiik pargalara boliinmesi suretiyle
Froude sayisi ve debi dagitim katsayist daha hassas olarak hesaplanmig, boylece su
yiizii profilinin deney sonuglarna yakin olmast saglanmustir.

4. Debi dagitim kanallarinda gesitli baslangig sartlan i¢in su yiiksekliklerini ve
dagitilan debileri hesaplayan bes ayn bilgisayar programi hazirlanmstir.

5. Kisim 5.3.5.°te verilen bilgisayar programinda kanal sonunda debinin sifir olmasi
kosulundan yola g¢ikilarak baglangictaki enerji yiiksekligi ve boyutsuz su yiiksekligt
bulunabilmektedir.

6. Kanal genigliginin debi dagihimina etkisini belirlemek tizere, degigik kanal
geniglikleri i¢in niimerik hesaplar yapilmis ve kanal gemgligi arttik¢a savaklanan
debiler arasindaki farkin kigtldiigt gorilmiigtiir.

7. Hager (1982) tarafindan yapilan deney sonuglanyla kargilagtirma yapmak amaciyla
problem, Kisim 5.3.5’te verilen bilgisayar programi ile niimerik olarak ¢ozilmis ve

elde edilen niimerik sonuglarin deney sonuglarina oldukga yakin oldugu goriilmiigtir.
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AL
EkA. ZAL/b=F (zl,—b—-,%) Fonksiyonunu Veren Bilgisayar Program

DEFDBL A-H: DEFDBL O-Z: DEFINT I-K: DEFDBL L: DEFINT M-N
DEF FNF1 (z, PSI) = (3 * z- 2) / SQR((3 * PSI * z-2) * (1 - 2) * (z * PSI-PO) / 3)

CLS : L=15

ss=0

EPS = 0.000000001#

POL =0.701058201#

OPEN "o", #1, "scrn:"

OPEN "o", #6, "cikti.sss"

lbo = 0.04

z1 =0.81611

PRINT #6, " EK-A. ZAL/b=F (z;, AL/b,p/E fonksiyonunu hesaplayan"
PRINT #6, " program "

PRINT #6,

PRINT #6, USING " z) = # #iHHHHEHRAE  p/E= # #HEHHEHEE ALIb= # HHEHEAR,
z1; POL; Ibo

PRINT #6," ¢ =1-0.036*Fr "

PRINT #6,

PRINT #6,"  zl z2 Fr Q ZAL/b "

PRINT #6, " "

FOR K% =10TOL * 100 STEP 10
Fr=SQR(2 *(1/z1-1))
PSI=1-0.036 * Fr
ZALT =2z1: ZUST =1
7 22=(ZALT +ZUST) /2
GOSUB 10
lbb=AA*3/2444
PRINT Ibo - Ibb
IF ZALT = ZUST THEN PRINT #1, "cozum yok": GOTO 9
IF Ibo > Ibb AND z, > .9999999999# THEN PRINT #1, " *LBO>LBB ve z,>
0.999999999994#: ": GOTO 9
IF ABS(lbo - Ibb) <.000000001# THEN 8
IF Ibo < Ibb THEN ZUST = z2 ELSE ZALT = 22
GOTO 7
8 PRINT #1, USING "## #HHHHHHHEHEHE", 72,
ss=ss+1
PRINT #6, USING "##.#HHHHHE " 21, 22; Fr; PSI; 1bo * ss;
zl1=22
NEXT K%
9 PRINT #1,
STOP

10 AO=2z1: BO=2z2: PO=POL
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A9(1) = .5 * (FNF1(AO, PSI) + FNF1(BO, PSI))
H9=BO-AO:D9=2:N9=1: M9 =1
X9=A0+.5*HO

79=0

FOR I9 = 1 TO M9

79 =79 + FNF1(X9, PSI)

X9 = X9 + H9

NEXT I9

B9 =5 * A9(1) +Z9 /D9

FOR I9 = 1 TO N9

C9=B9 + (B9 - A9I9)) / (4~ 19 - 1)
A9(19) = B9

B9 = C9

NEXT I9

AS(N9 + 1) = B9: AA = B9 * (BO - AO)
IF ABS(AA - ASK) <= ABS(EPS * AA) GOTO 13
N9=N9+1

IF N9 >= MAXA THEN 12

D9 =D9 *2: HO = .5 * H9: M9 = M9 * 2
ASK = B9 * (BO - AO)

GOTO 11

12 PRINT "NOT REACHED REQUIRED SENSITIVITY"

13

AA = B9 * (BO - AO)
RETURN



93

AL A AL
Ek B. Q2=F(zl,7,—§—,E,b} ve h2=F[zl,—b—,—§:,E,b)

Fonksiyonlarini Veren Bilgisayar Programi

DEFDBL A-H: DEFDBL O-Z: DEFINT I-K: DEFDBL L: DEFINT M-N
DEF FNF1 (z, PSI) = (3 * z- 2) / SQR((3 * PSI * z- 2) * (1 - 2) * (z * PSI-PO) / 3)

CLS : L=15
ss=0
pol=0.7

OPEN "o", #1, "scrn:"

OPEN "o", #6, "cikti.sss"

lbo = 0.04

z1 =0.87

E=0.38

b=1.2192

PRINT #6, "EK-B. Q.=F(z;, AL/, p/E, E, b) ve h,=F(z;, AL/, p/E, E, b)"
PRINT #6, " fonksiyonlariu hesaplayan program "

PRINT #6, USING " z1= ## st " 7]

PRINT #6, USING " AL/b= # #HHHHHEEHE" Tho

PRINT #6, USING " p/E= # ####HH:H" pol

PRINT #6, USING " E= ## ###:H(m) ", E

PRINT #6," @ = 1- 0.036*Fr"

PRINT #6, USING "b=#. #HHHH"b

PRINT#6," zI 22 Fr ¢ ZALb h Q "

PRINT #6, " "

FORK% =10 TO L * 100 STEP 10
Fr=SQR(2 * (1/z1 - 1))
PSI=1-.036 * Fr
ZALT =z1: ZUST = 1
7 22 = (ZALT + ZUST) / 2
GOSUB 10
Ibb = AA * 3 / 2.444
PRINT Ibo - Ibb
IF ABS(ZALT - ZUST) < .00000000000001# THEN PRINT #1, "cozum yok"
GOTO 9
TF Ibo > Ibb AND z, > .9999999999# THEN PRINT #1, " *LBO>LBB ve
2, >.9999999999": GOTO 9
IF ABS(Ibo - Ibb) < .0000000001# THEN 8
IF Ibo < Ibb THEN ZUST = z2 ELSE ZALT = 22
GOTO 7
8 PRINT #1, USING "## SHHHHHHHHH" . 72
IFK% =10 THEN h=z1 * EELSEh=22 *E
Q=b*h*(19.62* (E-h)".5
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ss=ss+ 1
PRINT #6, USING "##.#HHHHABREH ", z1; 22;
PRINT #6, USING "## #5545, Fr, PSI; 1bo * ss; h; Q
zl1=22
NEXT K%
9 PRINT #1,
CLOSE #6
STOP

10 AO =z1: BO=2z2: PO = pol
A9(1) =.5 * (FNF1(AO, PSI) + FNF1(BO, PSI))
H9=BO-AO:D9=2:N9=1:M9=1
11 X9=A0+.5*H9
Z9=0
FORI9=1TO M9
Z9 =79 + FNF1(X9, PSI)
X9=X9+H9
NEXT I9
B9 =.5* A9(1) + Z9 / D9
FORI9=1TON9
Co9=B9+ (B9-A9(19))/(4"19-1)
A9(19) =B9
B9=C9
NEXT I9
A9(N9 + 1) =B9: AA=B9 * (BO - AO)
IF ABS(AA - ASK) <= ABS(EPS * AA) GOTO 13
N9=N9+1
IF N9 >= MAXA THEN 12
D9=D9 *2: H9=.5* H9: M9 =M09 * 2
ASK =B9 * (BO - AO)
GOTO 11
12 PRINT "NOT REACHED REQUIRED SENSITIVITY"
13 AA=B9* (BO-AO)
RETURN
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AL p AL p
Ek C. szF(z"_b_’E’ gin'i’bj ve hZ:F(z“T’E’ gm.;,b)

Fonksiyonlarim1 Veren Bilgisayar Program

DEFDBL A-H: DEFDBL O-Z: DEFINT I-K: DEFDBL L: DEFINT M-N
DEF FNF1 (z, PSI) = (3 * z-2) / SQR((3 * PSI * z-2) * (1 - z) * (z * PSI-PO) ~ 3)

CLS : L=15

ss=0

EPS = 0.000000001#

POL = 0.8008353429+#

OPEN "o", #1, "scrn:"

OPEN "o", #6, "cikti.sss"

lbo =0.04

z]1 = 0.9638542#

Q =0.65723

b=1.2192

E=(Q"2/(1962*b 2*(z)"2*(1-21)))~(1/3)

PRINT #6, "EK-C. Q, =F(z1, AL/, p/E, Qgiris,b) ve ho=F(zi, AL/, p/E, Quiris,b)"
PRINT #6, " fonksiyonlarini hesaplayan program"”

PRINT #6,

PRINT #6, USING " z;, = # #HHHHHHHAHE p/E = # 3HHAHEHE ", z1; POL
PRINT #6, USING " Q=#.##HEHH (m® /s) b=t #HE#H (m) ", Q; b
PRINT #6, USING " AL/b=## #HHHH##H " bo

PRINT #6," ¢ =1-0.036*Fr"

PRINT #6,

PRINT #6,"  zl z2 Fr o) AL h Q"
PRINT #6, " "

FOR K% = 10 TO L * 100 STEP 10
Fr=SQR(2 * (1/z1 - 1))
PSI=1-.036 * Fr
ZALT =z1: ZUST = 1

7 z22=(ZALT + ZUST) / 2
GOSUB 10
Ibb = AA * 3 /2.444
PRINT Ibo - Ibb
IF ZALT = ZUST THEN PRINT #1, "cozum yok": GOTO 9
IF Ibo > Ibb AND z, > 0.99999999994# THEN PRINT #1, " *LBO>LBB ve
2, >0.99999999999" : GOTO 9
IF ABS(Ibo - Ibb) < 0.000000001# THEN 8
IF Ibo < Ibb THEN ZUST = z2 ELSE ZALT = 22
GOTO 7

8 PRINT #1, USING " #HHHHERHHHHE", 22,
IFK%=10THEN h=z1 *EELSEh=22 *E
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Q=b*h*(19.62*(E-h)".5
ss=ss+ 1
PRINT #6, USING "## #HHHHEH ", 21, 22; Fr; PSI; bo * ss; h; Q
zl =22
NEXT K%
9 PRINT #1,
CLOSE #6
STOP

10 AO=1z1: BO=22: PO=POL
A9(1) =.5 * (FNF1(AO, PSI) + FNF1(BO, PSI))
H9=BO-AO:D9=2:N9=1.M9=1
11 X9=A0+.5*H9
79=0
FORI9=1TO M9
79 =79 + FNF1(X9, PSI)
X9=X9+H9
NEXT I9
B9=.5*A9(1) +Z29/D9
FORI9=1TO N9
C9=B9+ (B9-A9(I9))/(4"19-1)
A9(19) =B9
B9=C9
NEXT I9
A9(N9 + 1) =B9: AA=B9 * (BO - AO)
IF ABS(AA - ASK) <= ABS(EPS * AA) GOTO 13
N9=NO9 +1
IF N9 >= MAXA THEN 12
D9=D9 *2: H9=.5* H): M9 =M9 * 2
ASK =B9 * (BO - AO)
GOTO 11
12 PRINT "NOT REACHED REQUIRED SENSITIVITY"
13 AA=B9* (BO - AO)
RETURN
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AL AL
Ek D. Q2=F(zl,—b—,p,ng§,b) ve h2=F(z,,—I;—,p,ng.;,bj

Fouksiyonlarmmi1 Veren Bilgisayar Programm

DEFDBL A-H: DEFDBL O-Z: DEFINT I-K: DEFDBL L: DEFINT M-N
DEF FNF1 (z, PSI) = (3 * z-2) / SQR((3 * PSI * z- 2) * (1 - z) * (z * PSI-P0) ~ 3)

CLS : L=128

ss=0

EPS = 0.00000000001#
p=0.102

OPEN "o", #1, "scrn:"

OPEN "o", #6, "cikt1.sss"

Ibo = 0.04166666667#

z] = 0.840521#

Q=0.0297

b=03
E=(Q"2/(9.62*b"r2*(z1)"2*(1-z1))~(1/3)
POL=p/E

PRINT #6, " Q2 =F(zi, AL/, p, Qgiis,b) ve ho=F(z;, AL/b, p, Qgiris,b) "
PRINT #6, " fonksiyonlarini hesaplayan program"”

PRINT #6,

PRINT #6, USING " z; = # #iHEHHHAHE  p/E = #.1HHHRARHE ", 21, POL
PRINT #6, USING " Q=##HHHHH (m° /s) b=## #HHE# (m) "; Q; b
PRINT #6, USING " AL/b=## #HHHHHEHH " ; bo

PRINT #6," ¢ =1-0.036*Fr"

PRINT #6,

PRINT #6,"  zl z2 Fr () ZALD h Q"

PRINT #6, " "

FORK%=10TOL * 100 STEP 10
Fr=SQR2 *(1/z1-1))
PSI=1-0.036 * Fr

ZALT =121 ZUST =1

7 22 =(ZALT + ZUST) / 2
GOSUB 10
Ibb = AA * 3 /2.444
PRINT Ibo - Ibb
IF ZALT = ZUST THEN PRINT #1, "cozum yok": GOTO 9
IF Ibo > Ibb AND z, > 0.9999999999% THEN PRINT #1, " *LBO>LBB ve z<
0.99999999999": GOTO 9
IF ABS(lbo - Ibb) < .000000001# THEN 8
IF Ibo < Ibb THEN ZUST = 22 ELSE ZALT = 22
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GOTO 7

8 PRINT #1, USING "## tHHHHEHHHHBEHE, 22,
IFK%=10THEN h=2z1 *EELSEh=2z2*E
Q=b*h*(19.62*(E-h)".5
ss=ss+1
PRINT #6, USING "##.##HHHHHE ", 21, 22; Fr; PSI; Ibo * ss; h; Q
zl1 =22
NEXT K%

9 PRINT #1,
CLOSE #6
STOP

10 AO=1z1: BO=2z2: PO=POL
A9(1) = .5 * (FNF1(AO, PSI) + FNF1(BO, PSI))
H9=BO-A0:D9=2:N9=1: M9=1
11 X9=A0+.5*H9
Z9=0
FORI9=1TO M9
Z9 =79 + FNF1(X9, PSI)
X9 =X9 + H9
NEXT I9
B9=.5*A9(1)+Z29/D9
FORI19=1TO N9
C9=B9+(B9-A9(19))/(4~19-1)
A9(19) =B9
B9 =C9
NEXT 19
A9(N9 + 1) =B9: AA=B9 * (BO - AO)
IF ABS(AA - ASK) <= ABS(EPS * AA) GOTO 13
N9=N9 +1
IF N9 >= MAXA THEN 12
D9=D9*2:H9=.5*H9: M9=M9 *2
ASK =B9 * (BO - AO)
GOTO 11
12 PRINT "NOT REACHED REQUIRED SENSITIVITY"
13 AA=B9 * (BO - AO)
RETURN
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EKE.  Giris Debisinin Tamamnin Dagitilmas: Halinde (z; )’1 iterasyonla
Bulan Programi

DEFDBL A-H: DEFDBL O-Z: DEFINT I-K: DEFDBL L: DEFINT M-N

DEF FNF1 (z, PSI) = (3 * z- 2) / SQR((3 * PSI * z- 2) * (1 - ) * (z * PSI-PO) / 3)
DIM DIZ1(250), DIZ2(250), DIZ3(250), DIZ4(250), DIZ5(250), DIZ6(250),
DIZ7(250)

CLS : L=15

ss=0

eps = .000000001#
OPEN "o", #1, "scrn:"
OPEN "o", #6, "cikti.sss"
h1=0.7

HALT = h1: HUST = .8

32 h2=(HALT + HUST) /2
ss=0 :n=16
p = 0.6096
DQ=.65723
Ibo = 0.04#
z2 = 0.999999999#
Q=0
b=1.2192

E=hn2+(Q/(b*h2))~2/19.62
pol=p/E

PRINT #6, "EK-E.Girig debisinin tamaminin dagitiimasi halinde z;, Q;, hy> i "
PRINT #6, " iterasyonla hesaplayan program "

PRINT #6,

PRINT #6, USING " z,= # #HHHHHHERH  p = L #HAEHEEBERE (m)"; 22; p
PRINT #6, USING " AL/o=##.#HHEHEH ", bo

PRINT #6, USING " DQ=## #HHHH4 (m’/s) b=H# ##:H## (m) "; DQ; b
PRINT #6, USING " E=#t.#HHHH#HH# M " E

PRINT #6," ¢ =1-0.036*Fr"

PRINT #6,

PRINT #6," zl z2 Fr 0] ZALDb h Q"

PRINT #6, " "

FOR K% = 10 TO L * 100 STEP 10
ZALT =08 : ZUST =22

7 z1=(ZALT +ZUST) /2
Fr=SQR( * (1/z1 - 1))
PSI=1-0.036 * Fr
GOSUB 10
Ibb= AA * 3 /2.444
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10

11

100

PRINT Ibo - 1bb

IF ZALT = ZUST THEN PRINT #1, "cozum yok": GOTO 9

IF ABS(Ibo - Ibb) < 0.0000000001# THEN 8

IF Ibo < Ibb THEN ZALT = z1 ELSE ZUST =zl
GOTO 7

PRINT #1, USING "##t iHHHEHEHAAHH', 21
IFK%=10THENh=2z2 *EELSEh=1z1 *E
Q) =b*h*(19.62*(E-h)".5

ss=ss+1

DIZi(ss)=Z1

DIZ2(ss) =Z2

DIZ3(ss) =Fr

DIZA(ss) = PSI

DIZ5(ss) = Ibo * ss

DIZ6(ss) =h

DIZ7(ss) = Q(1)

22=171
NEXT K%

PRINT #1,
FOR ss=L * 10 TO 0 STEP -2

PRINT #6, USING "## #HHHHH ", DIZ1(ss); DIZ2(ss); DIZ3(ss), DIZA(ss),

DIZ5(ss); DIZ6(ss); DIZ7(ss)
NEXT ss

IF ABS(DQ - Q(i)) < .00000001# THEN 71
IF DQ < Q(i) THEN HUST = h2 ELSE HALT = h2
GOTO 32

STOP

AO=2z1: BO =2z2: PO = pol

A9(1) =.5 * (FNF1(AOQ, PSI) + FNF1(BO, PSI))
H9=BO-A0:D9=2:N9=1.M9=1
X9=A0+.5*H9

Z9=0

FORI9=1TO M9

729 =79+ FNF1(X9, PSI)

X9 =X9 +H9

NEXT I9

B9=.5* A9(1) +Z9 /D9

FORI9=1TO N9
Co9=B9+(B9-A9(9))/(4~19-1)

A9(19) =B9

B9=C9

NEXT I9

AI(N9 + 1)=B9: AA=B9 * (BO - AO)

IF ABS(AA - ASK) <= ABS(eps * AA) GOTO 13
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N9=NG9 +1

IF N9 >= MAXA THEN 12

D9=D9*2: HO=.5*H9: MO=M9 *2

ASK =B9 * (BO - AO)

GOTO 11
12 PRINT "NOT REACHED REQUIRED SENSITIVITY"
13 AA=B9* (BO - AQ)

RETURN
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