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1 r component momentum equation

1.1 Control volume analysis

To derive the equation for the r component of momentum in cylindrical coordinates we consider the
properties of the flow into and out of the infinitesimal control volume (CV) shown in Figure 1. Applying
Newton’s second law of motion to the CV:

Rate of increase
of r component
momentum of
fluid in CV

Rate of flow of r
component
momentum into
Ccv

Rate of flow of r
component
momentum out
of CV

Sum of r
components of
forces applied
to fluid in CV

(1.1)

To derive the equations for the 8 and z components of momentum, we replace r in (1.1) with 8 and z,
respectively.

Figure 1 r component momentum fluxes at the surfaces of a control volume

2 + a(pv‘r‘z)
ar
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1.2 Transient and convection terms

The r component of momentum in the CV is equal to the r component of velocity, vr, times the mass
of fluid in the CV, p dr rd0 dz; that is, p v- dr rd0 dz. The rate of increase of 7 component momentum
with time (the first term in Eq. (1.1)), is therefore

a(pvy)

drrdfdz (1.2)

r component momentum may enter or leave through any of the faces P to U in Figure 1, transported by
the mass flow through the faces.

The rate of flow of r component momentum through the face perpendicular to the r direction whose
centre is P is v, times the mass flow through the face, p v, rdf dz; that is,

pv,2 rdf dz

The rate of flow of r component momentum through the opposite face whose centre is Q is

9 2
(pvrz + (l;:r )dr> (r +dr)df dz

and so the net rate of flow of r component momentum out of the CV through the faces with centres P
and Q is

a(pv,2
<Pvr2 + %dr) (r +dr)do dz — (pv,?) rd0 dz =

9 2
dr rd6 dz + pv,? dr d6 dz + %drz do dz

a(pv,?)
or

We can neglect the term in dr?, so the net rate of flow of 7 component momentum out of the CV through
the faces with centres P and Q is

a(pv,?)
ar

drrd8dz + pv,2drd6dz (1.3)
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The rate of flow of r component momentum through the face perpendicular to the 8 direction whose
centre is R is v, times the mass flow through the face, p vy dr dz; that is,
(pv,vg) dr dz

The corresponding rate of flow of  component momentum out of the face with centre S is

d(pvv
<pvrv9 + % d9> dr dz

so the net rate of flow of r component momentum out of the CV through the faces with centres R and
Sis

d(pvrve)

30 drdfdz (1.4)

The rate of flow of r component momentum through the face perpendicular to the z direction with
centre T is v, times the mass flow through the face. The area of the face is

dr (r + Yadr)d6
so the rate of flow of mass through the face is
(pv,) dr (r + Yadr)do
and the rate of flow of r component momentum through the face is
(pv,v,) dr (r + Yodr)do
The corresponding rate of flow of r component momentum out of the face with centre U is

d(pvv
<pvrvz + %dz) dr (r + %dr)do

so the net rate of flow of  component momentum out of the CV through the faces with centres T and
Uis

d(pv,v d(pv,v d(pvrv
9pvrv,) dr (r + %dr)de dz = Mdr rd6 dz + Ml/zalr2 do dz

We can neglect the term in dr?, so the net rate of flow of 7 component momentum out of the CV is

a(pvyv,)

drrdodz (1.5)
dz
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Adding together (1.3), (1.4) and (1.5), the sum of the net rates of outflow of  component momentum
is

dr rdf dz

a(pvrz) +pUr2 la(PUrve) + a(pUrUz)
ar r r 00 0z

Finally, we can combine the first and second terms in the brackets into one:

[16(7‘,017,.2)+la(p17r179)+a(p17,-172)

—ar ~ 28 Ep ] drrdfdz (1.6)

1.3 Body force terms

There are two types of forces acting on the fluid in the CV: body forces and surface forces. The simplest
example of a body force is the gravitational force. The fluid in the CV is subject to a gravitational force
equal to g, the acceleration due to gravity, times the mass of the fluid, p dr rdf dz; that is, pg
dr rdf dz. A body force is a vector, so in general it has three components f, fg, f per unit mass. The
body force acting in the r coordinate direction is

pfrdrrd6 dz (1.7)
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1.4 Pressure term

1.4.1 Method 1

Figure 2 shows the pressure acting on the control volume. By definition, a positive pressure acts
inwards.

Figure 2 Pressure acting on the control volume

»
»

The net force in the r direction due to the pressure is

10 10
(p —Ea—pdr>rd9 dz — (p +__p

dr) (r+dr)dfdz

T 20r

1dp L 1dp . do
+<p ———d@) dr dz sin— + (p +——d9> dr dz sin—

230 2 230 2

L9P 4 rag d dardodz—2% arrag dz — 2P ar2 g d

ar rr Z p T Z Zar rr Z 201" T Z
ipdrds sine _ 1P a6 dr sin® 4 drdz sinl + 1% 4r a9 dz sin®
p T ZSlnz 269 T ZSlnz p T ZSln2 209 T ZSln2
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For small 8 we can approximate siné as 6 in radians. With this approximation and after neglecting the
dr? term, the net force in the r direction due to the pressure is

LOP b ragd drdo dz — 2 arrao

Za’r rr Z p T YA 287‘ rr Z
ipards 2L 0 ar ®  arar Y i 1P ae Y
Paraz TRt G Ty TP AT AT o5 T AV A2

After neglecting the d9? terms and summing the remaining terms, the net force is

dp

drrd6 dz (1.8)
Jar

10
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1.4.2 Method 2

The pressure p is a scalar variable. When the x momentum equation is expressed in Cartesian
coordinates, the pressure term is equal to minus the gradient of the pressure in the x coordinate direction,
or minus the i component of the gradient Vp,

Vp = ('a+'a+ka)
P="\"ox "5y " %52)P
dp, Op, Op
dx dy’ 0z

In orthogonal curvilinear coordinates the gradient operator V is

e 0 e, 0 e; 0
" hy0u;  h,0u, hsous

where e1, €2, @3 are unit vectors tangent to the coordinate lines u1, uz, us, respectively, and hi, h2, h3
are scale factors (see Chapter 7, Problem 18 of Ref. [1]). The cylindrical coordinate system is an
orthogonal system, with

(see Chapter 7, Problem 7 of Ref. [1]) and so in cylindrical coordinates the gradient operator is

S0, 10 0
Tt T rap %0 T 9%

and the gradient of the pressure is

dp 10p dp
—Vp = — (Eer +;%e9 +£ez)

The pressure term in the » component momentum equation is then

dp
3 (1.8)

11
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1.5 Viscous stress terms

The viscous normal stresses and shear stresses acting on the control volume are shown in Figure 3. We
define the different components of viscous normal stress and viscous shear stress as shown in Figure 3.
The first subscript of the symbol o represents the direction of the stress and the second subscript
represents the direction of the surface normal.

Figure 3 Viscous stresses on the control volume

Normal stresses

By convention, an outward normal stress acting on the CV is positive.

Shear stresses

By convention, the shear stresses are taken as positive on the faces farthest from the origin and negative
on the faces nearest to the origin. Thus a shear stress g-¢ acts in the positive r direction on the invisible

(upper) face perpendicular to the 8 axis and a corresponding shear stress acts in the negative r direction
on the visible (lower) face perpendicular to the 8 axis.

12
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1.5.1 o stress

Referring to Figure 3, the net force in the r direction due to the stress g is

00,
<0rr + Wdr) (r+dr)df dz — o,,1d0 dz
0 0
= 0, drd dz + 2" dr rdf dz + 2 dr? d6 dz
ar or

We can neglect the term in dr?, so the net force in the r direction due to the stress o, is

a0,

opr dr d6 dz + pw

drrdfdz (1.9)

1.5.2 oo stress

The net force in the r direction due to the stress g is

1990 160Y ar dzr cos ™2 dr dz cos 22
(O'rg ﬁ ) T az COS7 O'rg raz COS?

For small 8 we can approximate cosfd as 1 — @ in radians. The net force in the r direction is then

drd dr dz 22 12970 45 4 d — 997 46 ar 4, %2 dr dz + o.ndr dz 2
Org dr dz — 0pg dr dz—+ — rdz——o rdz—-— oredr dz + orgdr dz—
aO'rg 60‘r9 dGZ
=30 dr d@ dz — 50 drdzT

We can neglect the term in d6?, so the net force in the r direction due to the stress g¢ is

aO'rg
a0

drdfdz (1.10)

1.5.3 o0rzstress

The net force in the r direction due to the stress o, is

do
(O‘rz + a—;zdz) dr (r + %dr)d6 — a,,dr (r + Ydr)d6
2 aO-TZ aO-TZ 2 2
=0,,drrd0 + 0., Y2dr* d6 + Wdr rd6 dz + 3z Yodr® d6 dz — o, dr rd6 — 0,, Y2dr* d6

Orz doy,

0
= drrdf dz + Yodr? dO dz
0z 0z

We can neglect the term in dr?, so the net force in the r direction due to the stress g, is

do,,
Z drrd6dz (1.11)

13
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1.5.4 o090 stress

The net force in the r direction due to the stress ggg is

( +aa‘99d9)d dz sin % dr dz sin 2
996 + o rdz sin—-— g dr dz sin—

For small 8 we can approximate sin6 as 6 in radians. With this approximation the net force in the r
direction due to the stress ogg is

do 60'99 d92 do
—0gp drdz T_W drdz 7—0'99 drdz 7

After neglecting the term in d6?, the net force in the r direction is
—0ggdrdfdz (1.12)

Adding together the expressions (1.9), (1.10), (1.11) and (1.12), the sum of the net forces in the r
direction due to the viscous stresses is

Opr 00y 100y 00, 0Opg
i +r 30 Ep " drrdddz (1.13)

14
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1.6 r component momentum equation in terms of stress

By substituting expressions (1.2), (1.6), (1.7), (1.8) and (1.13) into Eq. (1.1) and dividing by the volume
of the CV, dr rd6 dz, we obtain the r component momentum equation in terms of stress:

opv) | 13Grpv,?) | 10(pvve)  3pvyv)
ot T ar T 00 0z

op 00y 100y9 00, Op 0Ogg
“otor Trae Ta T T Tk

(1.14)

15
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1.7 Constitutive equations

For a variable-density Newtonian viscous fluid, the viscous normal stresses o, ggg, 02, and the viscous
shear stresses drg, Ogr, Orz, Ozr, Goz, G20 are given by

av,
Opr = 2U——+ AV -V

ar
=2 <1av9+1”)+av v
o6 = <k radf r
dav,
O,y = ZME'F}LVV
10v, Jdvg vy
ore = %or =“<?% W_T)
dv, 0dv,
7= 0w =k (5, +57)
dvg 10v,
0: =020 = (3 + 2 55)

In these equations p is the shear viscosity or first viscosity and A is the volume viscosity or bulk viscosity.
The second viscosity { is defined by

—A+2
(= FH

The second viscosity ¢ is often assumed to be zero, making the volume viscosity A equal to —2u/3.

16



AKINSON SCIENCE LIMITED THEORY GUIDE

We can express the divergence V-V in orthogonal curvilinear coordinates as follows

1 0 9] 0
V=——|—WVhh — (V,hsh — (V3hyh 1.15
V-V h1h2h3[6u1(123)+6u2(231)+6u3(312)] (1.15)
where (u1, u2, u3) is an orthogonal curvilinear coordinate system, Vi = Vi(ui, uz us),

V,= Vz(U1, Uy, u3), Vs= V3(u1, Uy, u3), and hi, hy, hs are scalefactors.

We can show that the cylindrical coordinate system is orthogonal (see Chapter 7, Problem 3 of Ref. [1]).
We have

U =r,u,=0,u;=z
V1=17T, V2=v9, V3=UZ
h1=hr=1,h2=h9=7”,h3=hz=1

(see Chapter 7, Problem 7 of Ref. [1]). Substituting these expressions into (1.15) gives

_1foCrvy) | 0(we)  0(rvy)
VV=ll1"er TTae T es
_10(rv,) 10ve  0v,

r or +r 00 +E (1.16)

17
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1.8 r component momentum equation in terms of velocity

Substituting the equations for o, gr9, 0+2, 0se into the Eq. (1.14) gives

(pv)  10Crpv,7)  10(pvrve)  9(pvrvs) _ _p [2 v

at T or r 06 oz “or Tar M ar
1617r dvg v, dv,
Sl G =)+ 52 G+ 52
r@@ r oo 0z 0z or
2.9 v vl =12 (1av9+ )+/1VV+
r[#ar ] r['uraé? ] plr

After simplifying, we obtain the r component momentum equation for three-dimensional unsteady
compressible flow in cylindrical coordinates:

r  or FY: 0z or = or

G 5wk G5

2;1 dv, 10vg v,
o e am

19(rpv,.2) 1d(pv,.v a(pv,v 9 0 v
(pr)+_ (pr9)+ (prz)z _p+_[2’ua_rr+lv_v]

18
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2 6 component momentum equation

2.1 Transient and convection terms

The 8 component of momentum in the CV of Figure 1 is equal to the 8 component of velocity, vs, times
the mass of fluid in the CV, p dr rd6 dz; that is, p ve dr rd6 dz. The rate of increase of 6 component
momentum with time (the first term in Eq. (1.1)), is therefore

d(pv
(ptg)drrdedz 2.1)

The rate of flow of 8 component momentum through the face perpendicular to the r direction whose
centre is P is vy times the mass flow through the face, p v, rd6 dz; that is,

P Vg rdl dz
The rate of flow of 8 component momentum through the opposite face whose centre is Q is

d(pvv
<pvrv9 + %dr) (r+dr)dé dz

and so the net rate of flow of 8 component momentum out of the CV through the faces with centres P
and Q is

9]
(pvrve + %dr) (r+dr)df dz — (pv,vg) rd0 dz =

d(pv,ve) d(pvyve)

2
p dr rd6 dz + pv,vgdr d6 dz + o dr< df dz

We can neglect the term in dr?, so the net rate of flow of @ component momentum out of the CV through
the faces with centres P and Q is

d(pvv
%dr rdf dz + pv,vgdrdf dz (2.2)

19
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The rate of flow of 8 component momentum through the face perpendicular to the 8 direction whose
centre is R is vs times the mass flow through the face, p ve dr dz; that is,
pvg? dr dz

The corresponding rate of flow of 8 component momentum out of the face with centre S is

2(pvy?
<pv92 +%d6> dr dz

so the net rate of flow of 8 component momentum out of the CV through the faces with centres R and
Sis

a(pve®)

30 drdfdz (2.3)

The rate of flow of 8 component momentum through the face perpendicular to the z direction with
centre T is is vy times the mass flow through the face. The area of the face is

dr (r + %dr)do
so the rate of flow of mass through the face is
pv, dr (r + Y%dr)do
and the rate of flow of & component momentum through the face is
pProV, dr (r + Ydr)do
The corresponding rate of flow of & component momentum out of the face with centre U is

0
<pv9vz + %‘9%) dz) dr (r + %dr)de

so the net rate of flow of r component momentum out of the CV through the faces with centres T and
Uis

d(pvgv d(pvgv d(pvev
(,0 [ Z) dT (r+1/2d7')d9 dZ =Mdrrd0 dz+(p—92)1/2d7'2 de dz

We can neglect the term in dr?, so the net rate of flow of & component momentum out of the CV is

d(pvevy)

e drrdddz (2.4)

20
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Adding together (2.2), (2.3) and (2.4), the sum of the net rates of outflow of x component momentum
is

dr rdf dz

0(pvrve)  purve  19(pve?) | d(pvev,)
or T r 00 0z

Finally, we can combine the first and second terms in the brackets into one:

19(rpv,ve) | 18(pve®)  9(pvev,)
r t * 0z

" Em ~ 28 drrdfdz (2.5)

2.2 Body force terms

A body force is a vector, so in general it has three components f+, fg, f, per unit mass. The body force
acting in the 6 coordinate direction is

pfedrrd6dz (2.6)

2.3 Pressure term

Referring to Figure 2, the net force in the 6 direction due to the pressure is

( 1apd9>d d ( +1apd9>d d
P=3%%0 raz=\P T 5% raz

_ A% a2
= rag rr Z .

21
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2.4 \Viscous stress terms

2.41 o000 stress

Referring to Figure 3, the net force in the 8 direction due to the stress ggg is

1990 416\ ar dz cos 2 dr dz cos 2
(0'99 W ) T ZCOS7 0'99 T ZCOS?

For small 8 we can approximate cosf as 1 — 6 in radians. The net force in the 8 direction is then

dr d dr dz 2% 40 v az — 27 4o ar 4222 — oppdr dz + oppdr dz

Opg AT AZ O'QQT'ZZ 30 raz 30 TZZ Opgdr Az 0'997"22
60'99 60'99 d92
—WdeGdZ—WdT'dZT

We can neglect the term in d6?, so the net force in the @ direction due to the stress ggg is

60'99
a0

drdfdz (2.8)

2.4.2 o0or stress

The net force in the @ direction due to the stress oy is
60'91«
(O'gr + Wdr) (r +dr)d6 dz — oy, rd0 dz

P P
90" dr vd6 dz + 20" dr? 4@ dz
d ar

= gg, dr df dz + "

We can neglect the term in dr?, so the net force in the r direction due to the stress o is

0
Ogy dr d6 dz + gfr

drrdfdz (2.9)

2.4.3 09z stress

The net force in the @ direction due to the stress gy, is

do,
(092 + agz dz) dr (r + %dr)d6 — ag,dr (r + Y%dr)d6
do, do,
= —92 dr rd0 dz + —2 %dr? d@ dz
0z 0z

We can neglect the term in dr?, so the net force in the 8 direction due to the stress gy, is

60'92
Z

drrdfdz (2.10)

22
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2.4.4 o0ro stress

Referring to Figure 3, the net force in the 8 direction due to the stress o is

( +a%d9)d dzsin® 4 o dr dzsinl
Org + 7 rdzsin—-+ opp dr dzsin—

For small 8 we can approximate siné as 6 in radians. With this approximation the net force is

00,9 dg? de
argdrd27+ Y drdzT+ar9 drdz7
00,9 dg?
=09 drdfdz+ Y drdzT

We can neglect the term in d6?, so the net force in the 8 direction due to the stress o is
o drdfdz (2.11)

Adding together the expressions (2.8), (2.9), (2.10) and (2.11), the sum of the net forces in the 8
direction due to the viscous stresses is

100gg 09y 009, 00p,

r a8  r | or 0z

Org
+7 drrdfdz (2.12)

23
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2.5 6 component momentum equation in terms of stress

By substituting expressions (2.1), (2.5), (2.6), (2.7) and (2.12) into Eq. (1.1) and dividing by the volume
of the CV, dr rd6 dz, we obtain the r component momentum equation in terms of stress:

0(pve) | 10(rpurve) | 13(pve®) | d(pvev,)
ot T or r 00 0z

16p 160'99 Ogr 60'91« 60'92

__-9p 9099 , %r  9%6r 906z  Irg
- r66+r a0 + r + or + 0z + r +rfo (2.13)

2.6 6 component momentum equation in terms of velocity

Substituting the equations for geg, ger, 06, dre into the Eq. (2.13) gives the 8 component momentum
equation for three-dimensional unsteady compressible flow in cylindrical coordinates:

a(Pve) 19(rpvyve) +16(P1792) N d(pvev,)

ac r or r 00 oz
lop 10 16179 19y, Jve vp
~r0*vas | (758 + )+ AV V]+a_[“( =
0 dvg 10v, Z,u 10v, 0dvg Vg
+£[ (Gt ae)] [r a0 " or r]+Pf9 (2.14)
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3 z component momentum equation

3.1 Transient and convection terms

The z component of momentum in the CV of Figure 1 is equal to the z component of velocity, v,, times
the mass of fluid in the CV, p dr rdf dz; that is, p v, dr rd6 dz. The rate of increase of z component
momentum with time (the first term in Eq. (1.1)), is therefore

d(pv
(th) drrdfdz (3.1)

The rate of flow of z component momentum through the face perpendicular to the r direction whose
centre is P is v, times the mass flow through the face, p v, rdf dz; that is,

pvv, rd6 dz
The rate of flow of z component momentum through the opposite face whose centre is Q is

d(pvv
<pvrvz + %dr) (r+dr)dé dz

and so the net rate of flow of z component momentum out of the CV through the faces with centres P
and Q is

9]
(pvrvz + %dr) (r+dr)df dz — (pv,v,) rd0 dz =

d(pvyv,) d(pvyv,)

2
p dr rd6 dz + pv,v,dr d6 dz + o dr< df dz

We can neglect the term in dr?, so the net rate of flow of z component momentum out of the CV through
the faces with centres P and Q is

d(pvv
Mdr rd6 dz + pv,v,drdf dz (3.2)
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The rate of flow of z component momentum through the face perpendicular to the 8 direction whose
centre is R is v, times the mass flow through the face, p vy dr dz; that is,

pPrgv,dr dz
The corresponding rate of flow of z component momentum out of the face with centre S is

d(pvgv
<pv9vz +%d9> dr dz

so the net rate of flow of z component momentum out of the CV through the faces with centres R and
Sis

d(pvgvy)

50 drdfdz (3.3)

The rate of flow of z component momentum through the face perpendicular to the z direction with
centre T is is v, times the mass flow through the face. The area of the face is

dr (r + Yadr)d6
so the rate of flow of mass through the face is
pv, dr (r + Ydr)do
and the rate of flow of z component momentum through the face is
pv,% dr (r + %dr)de

The corresponding rate of flow of 8 component momentum out of the face with centre U is

a(pv,?
<pv22 + (I;ZZ ) dz) dr (r + %dr)de

so the net rate of flow of r component momentum out of the CV through the faces with centres T and
Uis

a(pv,%)
dz
d(pv.*) d(pv.*)

=——"2drrdf dz + ——=—=Y%dr? df dz
0z 0z

dr (r + %dr)do dz

We can neglect the term in dr?, so the net rate of flow of z component momentum out of the CV is

a(pv,?)

drrdddz (3.4)
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Adding together (3.2), (3.3) and (3.4), the sum of the net rates of outflow of x component momentum
is

[amm L ovvs |, 100vev) | Gpv,)

or T r 00 0z ] drrdf dz

Finally, we can combine the first and second terms in the brackets into one:

F arpv,v,) | 10(pvev,)  3(pv,?)

" - 20 P ]drrdﬁ dz (3.5)

3.2 Body force terms

A body force is a vector, so in general it has three components f+, fg, f, per unit mass. The body force
acting in the z coordinate direction is

pfydrrd6dz (3.6)

3.3 Pressure term

Referring to Figure 2, the net force in the z direction due to the pressure is

10p 10p
(p - Ezdz) dr (r + Yadr)de — (p + EZdZ) dr (r + Y2dr)do

d d
= ——pr rd6 dz — —pl/zdr2 dé dz
0z 0z

After neglecting the dr? term, the net force is

dp
——drrdfdz (3.7)
0z
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3.4 Viscous stress terms

3.4.1 o0z stress

Referring to Figure 3, the net force in the z direction due to the stress g is

40,
(azr + Wdr) (r+dr)db dz — o,rdf dz
do. do
= 0, drdf dz + =L drrdf dz + =2 dr? df dz
ar or

After neglecting the term in dr?, we have

00,y
0, dr df dz + 3 dr rd6 dz

We can combine these two terms into one. The net force in the z direction due to the stress o 1s
therefore

10ro,,

drrdf dz (3.8)
r or

3.4.2 020 stress

The net force in the z direction due to the stress g9 1S

60'29
(O'Zg + Wde) dr dz — o,9dr dz

60'29
06

drdfdz (3.9)

3.4.3 o0z stress

The net force in the z direction due to the stress o, is

0
(022 + g;z dz) dr (r + %dr)d6 — o,,dr (r + Ydr)do

do do
= —2Zdrrdf dz + —22%dr?d0 dz
0z 0z

We can neglect the term in dr?, so the net force in the z direction due to the stress o is

do,,
drrdf dz (3.10)
0z

Adding together the expressions (3.8), (3.9) and (3.10), the sum of the net forces in the z direction due
to the viscous stresses is

10ro, 100, 0d0,,

e, ~ 30 P drrdfdz (3.11)
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3.5 z component momentum equation in terms of stress

By substituting expressions (3.1), (3.5), (3.6), (3.7) and (3.11) into Eq. (1.1) and dividing by the volume
of the CV, dr rd6 dz, we obtain the r component momentum equation in terms of stress:

0pv) | 13Grpvv)) | 10(pvav,) | 3(pv,)
ot T ar T 00 0z

dp 10ro, 100, J0y,
v or Trae Tag TP (1D

3.6 z component momentum equation in terms of velocity

Substituting the equations for o, 9,6, 0, into the Eq. (3.12) gives the z component momentum equation
for three-dimensional unsteady compressible flow in cylindrical coordinates:

a(pvz)_}_la(rpvrvz)+16(pv9vz)+6(p1722)
at r ar r 17} 0z

dp N 10 <6vr+avz) N 10 (6179 N 16172)
0z rar[‘” 0z ar] rae[” 0z rae]

+a 2 avzuv V| + 3.13)
62[”62 ] Pl G
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