LOSS COEFFICIENT IN A CHANNEL BEND WITH

NATURALLY DEFORMED BED. (A-D11-PR)

BY

Dr. Christos Hadjitheodorou

WATER RESOURCES RESEARCH INSTITUTE

SCHOOL OF ENGINEERING

MAYAGUEZ, PUERTO RICO

June, 1969



TABLE OF CONTENTS

Chapter 1: Introduction
Chapter H: Experimental Investigation
1. Physical Analysis
a. Frictional effects
b. Separation
c, Wave drag
2. Dimensional Analysis
3. Equipment and Procedure
a. Equipment
b. Measurement of depth
€. Determination of head loss
4. Results and Conclusions
Figure 1: The rectangulgr flume
Figure 2: Volumetric tank
Figure 3: Air-waler manometar
Figure 4: loss-coefficient versus Froude Number
Figure 5: loss—cosfficient versus relafive depth
Chaper |1f: Analitical Solution
. The Problem

2, Detemination of w(t) and w(t)

Page

11
12
13
14
15
16
16

17



a. Mapping of wit)
b. Determining w(t)
3. Computation of a ., a,b, and ¢
4., Computer Solution
5. The Free Surface
Figure 6: The flow plane
Figure 7a: The w-plane
Figure 7b: The t-plone
Appendix

References

i
18
19
22
23
26
27
27

28

31



I. INTRODUCTION

The problem of determining losses of available energy in meandering streams
has attracted considerable attention in the recent past. As a result, a number of
investigations have been undertaken aiming of o clearer understanding of the
effects of variows hydraulic parameters on the flow through channel bends. Such
investigations include those by Mockmoore (1), Shukry (2), Rozovkii (3), Hoyat
(4), Yen 8.C. (5), ond Yen C.L. (6).

Because of the complexity of the problem, most of the above studies have
deolt with channels of fixed cross=section and immovable beds . However, it was
pointed out in C. L. Yen's (6) investigation, in which he considered the affects of
a movable channel bed, that computations of energy losses in meandering rivers
based on information obtained in fixed bed studies lead to an underestimate of
these losses,

The energy losses in a channe! bend with fixed bed are primarily due fo an
asymmetrical water surface elevation cawsing asymmetries in the pressure distribu~
tion. In the case of a movable bed, which applies to meandering streams, it has
been observed that a point bar is commonly formed along the inside of the bed.
This bar increases the losses considerably since it acts as an abstacle to the flow,
with its uccumpnnying. backwater effects.

Corsidering the fact that adequate information exists concerning the losses
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due to the bend itself, it has been the aim of the present investigation fo study the
effects of a point bar on the flow and to obtain quantitative information with
regard 1o the additional energy losses due to the point bar.

The study consists of two phases; the experimental, in which the flow over
an obstacle in o flume was studied in the laboratory, and the analytical in which

a theoretical solytion is obtained fo the same problem.

H.,  EXPERIMENTAL INVESTIGATION

1. Physical Anglysis

It is ebvious that flow past a barrier or an obstocle can only take ploce at
the expense of available energy. Consequently, tﬁe existence of a point bar in
an alluvial stream will cause a reduction of the energy available in the flow.
Qualitative discussions of the phenamenon can be found in various texts on
hydraulics, Bachmeteff 7} and Chow (8), for example, describe how ; due to the
energy losses caused by an obstacle in the flow, in the supercritical regime the
water surface elevation rises over the obstacle while in subcritical flow the surface
eievotion drops .

The mechanism of the phenomenon can be understood by considering the flow
past the part of the obstacle, or point bar, which rises in the direction of low.
Because of the existence of the obstacle, the channel bed rises in the direction of

flow and, as a result, the water depth decreases. Consequently, the pressure at a



cross section immediately upstream from the obstacle ; 15 greoter than the pressure

at the top of the obstacle. One part of this differential pressure force is used to
accelerate the flow, while the remaining part is in equilibrium with fhe boundary
Feaction due fo the obstacle. The tangentiol component of this reaction increases

in the direction f flow on the rising port of the obstacle, while it decreases on the
falling part as the flow decelerates. The direction of the tangentia | component of
the reaction is everywhere opposite to the flow direction. The fiow ¢ therefore, must
do work equal to the tangential component times the flow velocity, thus losing part
of the available flow energy,

The tangentia! component of the reaction due to the obstacle, or point bar,
increases the channel bed shear siress to a magnifude which is greater than the
shear stress applicable to uniform flow over an equivalent length of level bed,
Additional energy is dissipated as the tangentigl compenent of the reaction is trans-
mitted into the flow by means of viscous and/or turbulent friction. The drop of
water surface elevation across the nbs_racle, in addition to that of uniform flow,
represents the additional loss of energy in this case. In case the flow seporates
from the boundary, an even greater amount of energy is dissipated because of
increased asymmetries in pressure distribution along the obstacle and the formation
of eddies, Finally, waves formed on the water surface because of the existence of

the obstacle reduce the available flow energy by means of wave drag.
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a, Frictional effects

The amount of energy dissipated through boundary friction is directly propor-

tional to the friction factor, f. In generol ¢ the friction foctor is function of the

Reynolds Number, Re , the relative roughness,

and the properties of the flow cross-

sectionel area, [n laminar flow, where viscous forces are predominant

inversely with Re. In turbulent flow,

s it varies

in the case of smootie boundaries, f decreg-
ses with Re~Chow (8}, Reinus 9.
in this investigation, all flows were well within the rurbufent regime .

Furthermore, for each obstacle the geometric properties of the flow areo were kept

constant, while the channel and obstacle surfaces were hydraulically smooth .

b. Seemﬁnn

Rapid changes in boundary allignment, in general, cause local pressure

gradients in excess of the pressure gradient of the main flow, if the pressure gradient

Is positive in the direction of flow, the pressure forces in combination with the shear

forces tend fo reduce the momentum of the flow,

aiready zero at the boundary,

from the mean flow is lost equivalent to the amount of work done in counteracting

the form drag.
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C. ﬂuw. dn::g_

Open channel flow past an obstacle is clossified os non~uniform. The pre~
sence of the obstacle causes waves to form on the water surface, The characteristics
of these waves depend on the Froude Number, Fr, and the flow geometry. In the
subcritical regime, which is the one examined in this study, the waves extend up~
stream resulting in changes in the depth of flow. The varigtions in water-surface
elevation cause assymmetric pressure distributions across the obstacle which, in tum,
“result in drag.

The part of the drag which generates and maintains the surface waves is the
wave drag. As the Froude Number increases the wave drag is expectad to increase,
The reason for this is that with increasing Fr, the wave celerity approaches the
magnitude of the flow velocity. As a result, the wave will extend a shorter distance
Upstream as Fr increases. Consequently, the asymmetry in surface elsvation and

pressure increases with Fr, which leads to greater values for the wave drag.

¢ 3 Dimu__rgionul Amlzgin

The most imporfant parometers involved in open channel flow past an obstacie
are the fotlowing:
H; = energy per unit weight of fluid (head) lost due fo the obstacle,

V = mean flow velocity,

h = meon depth of flow,




d = obstacle height,

YV & kinematic viscosity of water, and
g * acceleration due to gravity,

Applying the principles of dimensionai analysis to the above variables

F(HL;V) h;dJVJg)zo

one may write

The fundamental dimensions in f gre length and time. Hence four dimensionless

T groups may be formed by the six variables in f, which may then bhe written as-

Hy h V
3:(\,:/23 ) Tr@f -‘-’;'-’-):O

Using the definitions

H .y
CL:V’/:g - 1055 Coe {'T:Cicnt)

— -yv_-_; = Fr“oud-e Numbar:, .Cll"ld

|
Qf_:"- *@—*:Rtyno Hs Numb&r

the function g, can be transformed

Cp® F Re, Fr,b)
d

The Reynolds Number affects Cy through its inflvence on separation and

surface friction. Experiments were conducted with obstacles of various shapes unti!

no separation could be detected by either inspection or by means of dyes introduced
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in the flow. Furthermore, the loss due to friction for an equivaient length of channel
was subtracted from the total loss of head. In that way the influence of Reon Cp is
expected to have been minimal. Thus the objective of the experimental investigation
- has been to determine the dependence of the loss coefficient, Ci, on the Froude
Number, Fr, and on the relative depth h/d, for obstacles over which no separation

effects were present,

3. Equipment and Procedure

a. Equipment

Experiments were conducted in g rectangular, tilting flume located in the
Laboratory of Fluid Machanics of the University of Puerto Rico at Mayaguez, The
flume has @ width of 18 inches and is 25 feet long. As shown in figure 1, the walls
of the flume are made of glass while the bottom is steel which has been painted to
avoid corrosion and to minimize the frictional retardation of the flow, A mil gate
gt the flume exit serves to control the flow. Water is circulated by means of o
pump, which drives the water into a supply tank located at the upstream end of the
flume. The supply tank serves as an aid to the uniformity of flaw, The amount of
flow can be varied by means of a valve at the discharge end of the pump. Flowrates
Ore measured in a volumetric tank located of the flume exit as shown in figure 2.

A number of piezometer holes were drilled at the bottom of the flume and were

connected by means of plastic tubes to an air-water manometer shown in figure 3.
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The monometer was used to measure depth of flow as described below, The point
gages shown in figure 1 were also used in the determination of depth.

The obstacles were made of wood with surfaces cut as smooth as possible and
painted, The shape of the obstacles was approximately sinusoidal., in the injtial
stages of the investigation, plaster of paris was used to modify the obstacie shape
until separation gffects were avoided.

Note: The meandering channel described in the proposal wos never construc-
ted because of lack of space and the required technical personnel for such cons-

truction,

b. Measurement of depth

An arbitrary datum plane was established by placing the flume in the horizon-
tal position, raising the tail gate and filiing the flume with water to a certain depth.
The water surface and flume bottom elevations ot all piezometer holes were measured
by means of point gages. The point on the channel bed directly above the flume
pivot was selected as datum, and the water depth at that point was also measured.
The difference between the depth at datum and that at eoch piezometer hole gave
the bed profile with reference to the datum, The distonce of the datum paint from
each of the piezometer holes was measured and used to compute changes in elevation

due to tilting of the flume .

¢. Determination of head loss

Since the width of the flume remained constant, the flow cross-sectional area
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could be computed by multiplying the width times the depth obtained from the
manometer readings. The mean velocity, V, could then be obtained by dividing
the flowrate by the cross-sectional area at each section. The total head at each
section was obtained by adding the velocity head, the depth and the elevation.
Loss of head due to the cbstacle was compufed as the difference of total head values
up-stream and downstream of the obstacle, with o appropriate adjustment for fric-

tional effe::b ;

4. Results and Conclusions

The experimental dota were collected with the two previously stated objec-
tives In mind, namely, to obtain the form in which variations in the Froude Number,
Fr, and variations in the relative depth, h/d, affect the loss coefficient, Ci .

The data were compiled and ancl yzed using the high speed digital computer, located
on the Mayaguez Campus of the University of Puerto Rico. The results are shown on
figures 4 and 5,

Figure 4 is a plot of Froude Number versus loss coefficient. According to the
preceding discussion, the water surface profile varies with the Froude Number
resulting in an asymmetric pressure distribution along the obstacle. This asymmetry
in the pressure distribution gives rise to a net longitudingl force on the boundary.
The loss of available energy is due fo the work done by the fluid in moving against
the equal and opposite force applied on it by the obstucle.

At low values of the Froude Number, the asymmetry in the water surface
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elevation and the consequent asymmetry in the pressure is very smail, Hence, the
effect of Fr on the loss coefficient is negligible. This is clearly shown an figure 4
in which the loss coefficient has very nearly constont values for Fr varying from
0.15 to 0.45. In this range of Fr, since variations in wave drag are negligible,
any variations in the longitudinal drag could be attributed to frictional effects.
However, no such effect is evident from the resulis for the experimental range of
Re from 104 10 107, Finaily, figure 4 indicates that for Froude Numbers up to
0.45, C, is independent of Fr and de]-:}e.nds primarily onrelotive depth h/d.

With increasing values of the Froude MNumber the entire wave on the waier
surface, created by the obstacle, shifts downstram. The shifting creates greater
asymmetries in pressure distributions along the obstacle leading to an increase in
the net longitudinal force on the boundary. The flow spends greater amounts of
energy in overcoming the boundary reaction, a fact made obvious by the increasing
valVes of Cy for Fr from 0.45 t¢ 0.70 on figure 4. Nevertheless, in this Fr range
also, the effect of relative depth on Cy is very pronounced.

Figure 5 shows the variation of the loss coefficient with relative depth for
Froude Numbers in & close neighborhood of 0.4. As h/d increases Cy decreases,
since the effects of the obstacle on the flow diminish with an increase of depth of
water over the obstacle. However, the rate of decrease of Cy for h/d up to about

5 is much greater than that for Cy for h/d greater than 5,
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. ANALYTICAL SCLUTION

1. The Problem
Losses of energy in open channel flow over an obstacle could easily be
computed if, given information concerning the geomeiry of the obstacle as well
as flow data such as flow rate or depth upstream, an analytical solution couid be

developed to yield flow velocities and the water surface profile over the obstacle,

- Such a solution to the problem is presented here, developed according to the theory

of tiow of ideal fets in which gravity is a predominant force and surface waves are
excluded, A complete discussion of the theory can be found in Gurevich (10). A
similar problem, that of flow over a spillway, was solved by Duisheev {11}, how-
ever his solution, as will subsequently pointed out, cannot very well be applied
to a practical problem,

The flow field in the complex plane z -x+i.y 1s as shown in figure 6. The
problem is essentiolly solved once the complex potential

w(z)=@(z)+L P(z) (3

determined, where (P and Y/ are the velocity potential and the stream function
respectively. The boundary conditions on the flow require that the normel component

of the velocity vanish on all solid boundaries, i.e.

Y=con Stﬂﬂt; or %E: 0 on solid boundaries @

and that the pressure be constant on the free surface » or according +o Bernoulli

2
% 4 gy == E.anj'lant on Frt:e SI-ir‘ft‘Icﬁ
The main difficulty in the problem arises from the fact that the position of the free

(3)
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surface is not known g priori

Fellewing the procedure first used by Zhukovskii

variable is defined as

ﬁ).::fn -d-ﬂ- (4)
dz

(12} an additional complex

The solution then involves mapping the

functions @ and w onto the upper-half
plane of the parametric variable t g § + E.I‘]

Z{t)= qexp[-LU(t)]-dj%@ CHZ _ (5)

2. Determination of w{t} and QJ('t)

o Mapping of wit),

q is the flowrate, The

region of change of w, thersfore, is an infinite strip of width 4, a3 shown on

figure 7q,

The strip in figure 7a can be considered as o polygon with infinitely extended

vertices at F and E gnd angles equal to zero ot these points. The Scheworz -

into the real axis of according to

. Once w{t) and WHt) are determined
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b. Determining gt

Following Duisheev (11} an auxiliary function is introduced

Flt)= ) = el inoed (7

where v is the velocity vector und 3 is the angle between the direction of v and
the positive xaxis. Obviously, once F{t} is determined, @{t) is known olso. Fet)
can be found on the upper half-plane of + once the imaginary part, ImF {1}, is
defermined, according to the equation |
aQ
§ F 8
™/ E-¢
-0
The channel bottom is a streamline, therefore, 8(1') is known ali along

FABCDE. ImF {) can be determined on the solid boundaries as follows;

On O'BAF

__-dt) A N
On O'CDE I F({) V-_T (t _-") "

J(t) Z
ImF@&)= (‘é = 0‘ (9b)
V%14
On the free surface EOF t

ImFlt)= ﬁf%i (1L tdd) (9¢)

Substituting e quations (9) into (8) and using the known values of 3 {t) -see figure 46—

yields

df 4 [ty B dS
=5 T HEt)VzE fnﬁ%’_ P

The secnnd mfegrul on the right hnnd side of (10) cnnnut be evaluated because
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the velocity, v, is not known. This difficuity can be by-passed by assuming o forn

v, on the free surface, such that

an_(g)-:z ax-(g-_‘)u (11)
K=D

where the a;, are unknown real coefficients to be determined from the boundary condi-
tions on the free surface, while

v (1) = lave = a_
In addition to the coafficients in (11), the parametars a,b,c, and d need also be
determined. One of the 'f;nur parameters can be assigned arbitrarily becausa in the
Schwarz~Christoffel transformation only two of the aliowable three arbitrary parameters
were given values (tF =1, tg = ~1). The remaining three parameters - for example
a,b,c = can be computed from the known obstacle dimensions AB, BC, and CD.
Duisheev (11} solves the problem in an inverse fashion. He arbitrarity defines a,b,
and c and then computes the spillway dimensions AB, BC, CD. The solution is
greatly simplified in this manner, however its practical applicability is not altogethe:

obvious.

3. Compuiation of a,.,a, b, end c,
The accuracy of the solution increases as the number n of the coefficients in
{11} increases. Navertheless ¢ @ good approximation is obtained if the series (I 1) is
limited to the first two terps with

ﬂ2 .ﬂ3----.ﬂn-0
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In this case, using the boundary condition (3) in the transformed form

‘tz 2 dv "
2P/p 5
where p is pressure and gis fluid density, together with the continuity equation,
- - | 13
thF..hEvE_..g (13)
the following equation for ay results after a fair amount of algebraic monipulation
|
a,,z.__c..i..j-_[ _g_)z___gé_ /2 (14)
CZ C 2 o

Where

C,=~m+ sina-M,(t)-sinf- N, (t)+2(sind +cosd,)
Co=-2(r+4)+ sinst-M, [t)-s] nB-N, (t}+4,7sin3, +4cosd
C3=2 sinet-Mo(t)- 2 5inB-No(t) +4 5in )

“ "--——- (arc.thCT a.rc.thdT)
- E’/Tr (arcin 24 —-arf.tnv—b?-)

M, (¢} fC -Cs L_(\",_f_* 1L ¢

. K
Nk(t):]CG’ C7'[P{: :ZE:UJ* dt

The coefficients C through C7, which are functions of a,b,c,d, ond t are given in

the Appendix.

The coefficient ﬁ] can be computed from (14) given the parameters a,b,c, and
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d. Having arbitrarily defined d, the ramaining three parameters can be found with

the aid of the following expressions for the known obstacis dimensions AB, BC, ond

Ch;

ABEZ:}eKP(‘%)-N(f) (15)
C D“—:-'Z% exp(-a,)-M(t) I (16)

b
N(,.,)._ch. G m&ﬁﬁ@ﬂdt i
g ;

-d |
M(£)= C4-C5, E”Pia,'-a,(f-rl/tj_; )l df (16b)
- l

Where

and tz -
BC=-24 expta)[Pr)sR(x)]
where, defining o new vurmbla i/t
P(’C) _/ EKF[& —a (__Lﬁl?+l
-2
R(t)‘“ i b Sad [a' _?ﬂj_ '?i-l 2] dt

Similarly, becuuse uf their complexity, the coefficients Cg through Ciye alt
functions of a,b,c,d and ¢ are given in the Appendix .
It should be noted that equations (15}, (16), and (17) alt i-vaive the term

%- exp {~ un). It can easily be shown, however, that
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hF = ?' exp ("‘ ﬂﬂ);

Thus, given the undisturbed depth, he, upstream of the obstacle , 0s well as the
obstacle dimensions , equations (14) through (17) form a system which can be

solved simoultaneocusly to yield Q@ ,a,b,and c.

4.  Computer Solution

The system of simultaneous equations (14) through (17) because of its complexity
can only be solved by means of o digital computer. The solution involves an iteration
process according to which initial values of a,b,and ¢ are chosen, 0y and the integrols
in (15), (16}, (17) are computed numerically and the results are compared to the given
volues of AB, BC, CD. MNew values, as required, of a,b,c are computed and the
process is repeated until the difference between given and computed values is negli-
gible ,

The fteration process used is an extension of the “MNewton~Raphson algorithm "
as described by Lapidus (13). Given a system of equations

‘& (‘3::5;,.---,5-1)=0 y i,::l_'ZJ...)n (18)

it is desired to find the values of §i such that substitution info the system of
equations will satisfy (18) identically. Letting q.d&nure the initial values of the
variables s; » and defining 5, ~ 5, ﬁsr, the initial vafues s, coan be adjusted by

solving the following system for Asr
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Once s, are computed the iteration continues for new values s/ = sr+A 5

’ The integrals were evaluated using the rectangular formule becawuse it does not

involve evaluation of the integrand of the limits of integration. It can be verified

by inspection that the integrands in equations (14) through (17) pocess singularities

at some of the limits. In case it is desired to we ejther the trapezoidal formula or

Simpson’s rule for computing the integrals, the integrands can be rid of the singuiari-
ties by a simple application of o Taylor's expansion about each singularity., However

F

this process makes the integrands even more complicated then they already are.

&. The Free Surface

AH points on the free surface of the fluid are mapped on the real axis of plane
) t in the segment -1 <4 Considering any such point G on the free surface,
which maps in the t-plane a distance r from F (t= 1), there is a related point H

lying on the channe! bottom segment FA, which maps on the t-plane such that

’
xH:=Z-1?_- exp(-a,)-N (¢}
where N7t) is the integral froma to {14 r} of the integrand in N{t) given by
equation (16a).
The coordinates of point G lying on the free surface in the tlow plane z con

be computed from

LY g



4

-
5<qﬁ'¥§4==;2;?“51*JJ(LCIpq;j/K;Z(CE)‘J"' (20a)
¢ L]
Ob
}’G‘)’H';Z%E-KP(-CI,.) /S (@')dﬂ- w
 Where the new variable & s deﬁne?:'l by
t={+rexp(is) | O£ o4 (21)

It is obvious that when G=(, t = I4+,i.e. the position of point H on the

t—plane, while when q=yr, t = 1~ri.e, point G on the t-plane.

Furthermore

R(s)= -g-; -[Co&otl ' 5in@-{2+rcos6)- 5"”‘3‘;}
SE) :'—%L [(2 +rCos6) (05, 1 SING - sfnexl]
2

X, = [% gt &gl - al'(rjinﬁ_\/’? ' Sm-:'-éf)]

surface by the following equations in parametric form. For points between G and
F{r=1)
T
)(G*)(H—--Z*ﬁEKP("an)*Nt (‘tj) (21a)

and for poinfs between G and E (1 = ~1)



i

. =25-

X =X, = -2% exp-a,)-N, (t,8) (22a)
%e-Ya=- 24 expl-a.)-N; (t,9) 225)

with N (t 9 /Exp[dl (1-t) l (.053

{= £*

N, (£9)= /W[q,ﬂ-madt

Once the position of the free surface is plotted, total head for various points and

head loss over the obstacle can be computed as described in paragraph 3¢ of chaprer
I1. This has been done for an obstacle ! inch in height and 30%lopes with varying
upsteom depths. The results will be included in o paper which is being prepared for

pubtication,



, i

—28 -

Fig. 6. The flow plane
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Fig. 7b. The t-piane
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(b-b)lat-11677 Vi=T) )J/“'
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B ' ‘ ’
D|= I’z'*{ r;’*-exp[—cr.! (FCOSG ""’Vr;— ’ C"s; )]

| ; . A
Dz= (Af"'Bf)%-' (A22+B z) -, (4 +r'2+4r-<:ms)

I
Y, = r(4+r +4r‘cc1:56) :[(AA,+BB,)2+(A,B-AB,)z_]é
’ It ! |
G:[(A:A’+E>’B{)+(A, 5-A'8)2] "} y=arctn[AB-46.
AA - BB
...ar‘ctn[A A B-A'B J ﬁ,_arctn[ZSmG-&rstsJ
AA[+B'B 2cos6+1rcosle

A=(d+l+rcose) (I+ct+cr c.ose;)-—cr sin’e —

~VeA Vrr - [(d-t-l-rr COS6)- COS-—--I"SiﬂS- 5m-—e-’-’]

A= (ct+l4rcose) (14d+rd-cose)-rid-sin‘s —

~Vd*1 - VFI‘-[(C-I-H-I"CGE':G)* Cc-.s-g- r-5ins. s}n.zé’]

A'= (b-l-rcess)- (cx-!-trcoﬁc;)-l'r a-sin‘e +

Va1 [(b-l-rcoss)c@s r‘sms»smﬁ;]

A (a-1-rcosc)- (b--Hr'cosG)-l- r’b-sin‘c +

+F \/_' [(a,-l rcose) Cos-EH'SmG Sm—-J

B=c-(2r-sine+r’sin2e )+ (dc+{)-rsine —

VST [(d+l +rcos6 ) 5’m§+ rsine. C,o.f,—g ]
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B=d-(2rsine+r?sin2e)+ (de+1)-r sins -

-VE‘WU&!—H recose). sin-zég rsine-c.osg]

/ .
B= (ab+|)-r5£n G- u-(zr-smﬁfrz-smzeh

pa - [ (b-13rcose)- s:’n—gfh rsi nG-c:os-g-’]

/
B,:(ab«t-{)*rsfnﬁ -b(2r-5m6 +rzf:,mz6)+

+YB-1 V- [ (a-1- rcms‘)fsfn%u rsine casg]
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