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—+—-Napour cav1t1esw1n~the U-bend and- 1n the downflow tube

A STUDY. OF SIMULATED BOILING IN VERTICAL UPWARD AND A
| W DOWNWARD FLOW ‘
. by .
. Chandrakant V. Mahale
ABSTRACT

An investigation of the ‘distribution of air and water
in the upflow tube, U-bend and downflow tube of a two-phase
flow apparatus is presented here with the help of experi-
mental results and photographs.

‘Isokinetic and sampling probes were used to sample
~the flow. Probing was done at the centres and at the o o

~— beginning of the upflow and downflow tubes.

The visual observatlons of flow patterns in the downflow
tube are 111ustrated with the help of photographs
| It can be concluded that poor heat transfer at low

11qu1d flow rates may be partly due' to the presence of

Higher liquid flow rates ellmlnated the vapour cavities.
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1.1

: ‘I. INTRODUCTION .~
General ;

Two-phase flows, b;th wifh and without boiling,
obcur in“many industrial situations. Circular tubes
are the cheapest of the possible geometric configura--
tions and in consequence horizontal and vertical

arrangements of circular tubes, connected by U-bends,

_ate frequently employed. Although a great deal of

research has been carried out .on two-phase fluid
behavior and heat transfer in horizontal flow and

vertical upflow, relatively little has been done on

vertical downflow.

Previous Work

. L. Pujol [1] found that at low vapor quality,

““there was a distant difference between the boiling

heat transfer coefficients in upflow and downflow,

‘with substantially higher heat transfer coefficients

.occurring in thg upflow_legsmof his apparatus. 1In

SO—— Y V: G & o X)) ;--he observed that- inm general the boiling — el T

 heat transfer coefficients on the outer radius of the

U-béﬁds'weréwﬁigher thah{thdsé;bh;thgf;ﬁnér}fadius.ffjw;;;;;;;;




——— L ——r—— s

ab

.- This effect was particularly severe in the bottom

U-bends, for which gravity and centrifugal effects

combined to move the liquid away from the inner

"radius.

P ]

L. P. Golan [2] studied flow patterns, void

fractions, and pressure drop characteristics of two-

phase air-water mixtures im vertical pipes conrected

" by U-bends. He found that the dominant downflow

pattern was one with a central core of vapor surrounded
by an annular film of liquid on the wall of the tube.
This observation suggested that the downflow tube
should be well coated with liquid, and appeared to
contradict Pujol's observation of low heat transfer

in the downflow tubes. However, when Golan simulated

boiling by injecting air bubbles into the liquid, he

" discovered a new phenomenon. Iﬁ the upflow tube, the

'JLpattern assoc1ated w1th b0111ng ‘was qulte dlfferent e

air broke away from the wall and moved upward as

separate bubbles. In the downflow tube, the air

ftended to form a large vapor cav1ty below the 1nJect10n

p01nt and to cling to the-wall. Ev1dent1y the flow

~¥from that obtalned w1th a mlxture of constant. preport10ns,iw'




, ' " : '.
The oﬁjectivé of the present study was to extend

Golan's work by injecting air into the water through

a section of porous bronze tubing, thus simulating

boiling, and to observe the resulting flow patterns
and phase distributions in the straight legs and the
upper U-bend.

Y
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'1I. EXPERIMENTAL EQUIPMENT AND OPERATING PROCEDURE

| 2.1 General

The goal of this investigation was to stuay floﬁ |
patterns in upflow, U-bend, and dowﬁflow tubes at low
air-watér rates with air injection.’ The experimental
equipment constructed by Golan was used for this
study. The two phase flow facility, a semiclosed
loop, is shown schematically in Fig. 1(b) while an
overall photograph of the system is shown in Fig. 1(a).

Four major sections of the flow system are as follows.

2.2 Water line

. ’
. The distilled water used for the experiments was
| - U.S.P. pure. :Water was stored in a 55 gallon capacity
: -J stainless steel drum. One foot below the upper rim
of the drum a staln1ess steel stralnegwwas placed to
,avord Splashlng of the water. It also served to screen

foreign matter and eliminate air which might otherwisef

be carried to the water -pump. 'Fig:’13'in-quan's

i!wwmmwdissertatien‘Shqwsathe_storage;drum with@the“external@%w«7

_-fjf;w;@gﬁ”; splash shield;in pbsition, |

The<storage drum and water pump are connectfd by

!T)

e e

‘a l 1/2 1nch stalnless steel plpe A stalnless steel I




'2;3 

flow range used in the tests (3-20 gpm)- see Fig. 14

ball valve located between the pump and storage drum
was used to control the water supply from the storage

drum. The water pump was an all bronze Worthington

centrifugal pump type ICNF-52 with a bronze impeller.

A drip proof induction motor of specifications: 5 hp,
60 cps, 3600 rpm, 220/440 volts was used to drive the

pump. The pump characteristics were flat over the

of [2].

T

The water flow was controlled by a 1-i/Zinch
Jenkins globe valve with a Brooks rotameter model
number FV-lllO-lO size 13 being used to'meter-the'fldw
rate. . The range bf this rotameter was 3 / to 37”gpm
of water. The rotameter float type was 13 RV- 760

and the scale length was 250 mm direct readlng in

‘gpm of water with the calibrated accuracy of the

instrument being 1% of full flow.

Air line-

An Ingersoll -Rand class ER1 air vompressor was

ed to supply the air. The-max1mum'cépaéity of this

Compressoeras IQO’SCfm at 100 PSlg ThlS alr compreSEOrAf;_‘

- fed a1r to a 200 cft surge tank whlch helped to




Pall Corporation Ultlpor air filter situated at the
outlet of the surge tank removed particles greater
than five microns in diameter.

The low air flow supply was pressure regulated.by
an Airco 806-9969 single stage pressure regulator. The

capacity of this instrument is 30 cfm of free air at 45

psig. The flow rate through'this regulator was controlled

by a 1/4 inch Jenkins globe valve. Low air flows were
measured on a Brooks rotameter FV type 1110-07 H2AIA.
The capacity of this meter was 0-2. 85 scfm of air at
70°F and 60 psig. The calibrated accuracy.of this
instrument was 1% of full flow. The static pressure at
the low air flow dbter was measured,by e Helicoid test

gage of calibrated accuracy of 1%. The air temperature

was measured by a 120° mercury thermometer. Air could be

mixed w1th water in a mixing tee before the test sectlon,

or 1nJected into the test section through a porous bronze

o

sleeve,

Test Section

and 1/4" thlckness were used in the transparent part

test sectlon w1th approx1mate dlmen51ons The upflow

. r1ser-he1ght was 121 5" w1th a 1ength to tube dlameter

'“this‘sectlon ~Figure 2 shows the schematic of the

e S e g

'tr;rratlo off81~w The downflow tube length was 109 5" w1th ;:hi?ZWMhi

N . o
£

N * g : ’
L ’ A ’ e 8
3 . . - .. ey
) T .« B .
et F M
.




%e4wwends A porous bronze sleeve -------- of 7" length was glued

>

a length to tube diameter ratio of 73.

Four pressure

gages were used, two in up flow and two in downflow to

measure the pressure drops in the respec

rt
""‘
<
o\
r
c
Gd
T
(0p]

‘The”range»of the pressure gages was 0-60 psi. The
static pressure taps were 1/32" in diameter and were
located approximately six inchesnefore and after
eachlU-bend; In the upflow tube the distance between
the static pressure taps was 110" and in the downflow
tube it was 97.5". The U-bends were machined from
solid acrylic blocks to an inside diameter of 1-1/2"
with a centre line to centreline.SPacing between up
and downflow legs of 4-1/2" i.e., three tube diameters.
‘The plastieAtubes were’flanged at the ends. 1/16"
cork gaskets or neoprene gaskets were used°between all
flanged tubes to nrevent leakages. Figure 2 shows the
'eehematie diagram of the test'section. Figure 4 (a-b-
c-d) shows where the boiling and proBing sections were

installed for our investigations.

. To Slmulate b0111ng a spec1al plece was made

ThlS plece was 10- 1/2” in 1ength with flanges at the

————

-~ to two end plastlc pleces An air chamber of A




2.5

During experiments air was supplied to the air chamber

by a rubber hose and allowed to bubble through the

sleeve and into the water flowing in the test section,

' ‘

Sampling Equipment

Orange food dye was used (one ounce to 30 gallons

of water) to colour the water.

Two types of probes were used for the phase

distribution experimental portion of the investigation.

The first was a probe designed to operate isokineti-

cally, while the second was a simple sampling probe.
These prObes were used tonobtain air-water samples
from the main flow. The probing was done at three
water flow rates of 5, 10, and 15 gpm at various
quality levels. 1In all the graphs, the first number
shows the water flow rate in gpm and the second number
shows the air flow rate in scfm The line diagram of
the sampling equrpmentlls shown in Figure 3 along

with drawings of the isokinetic and_sampling’probes.

A photograph of the probe positioner and the brobe

P N ILELEE ol PR L

can be seen in Figure 22 of [2] ‘Tﬁé“iéaﬁiﬁéEié”ﬁ?éﬁé*ﬁf%mmw”“”“f

T s LS

was. constructed from a 0 125" p1tot static probe with

P

o probe The prObe statlc pressure could ‘be compared ';j;?f;?]m

w1th the tube wall statlc pressure, ;mwhenethe_static;,;
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"water that entered the pressure lines. The sample

separator. The water was collected in a burette

~ which fluctuated rapidly. For this reason after

:cmmfrom.thefisékihetic,probe.to.the sampllng prngf,

o w1th the sampllng probe but the effect was not as -

- severe For 1sok1net1c problng, clamps located at

pressures were equal, isokinetic sampling was achieved.
The static pressure taps on the tube wall sloped

opposite to the flow direction in order to limit the

flow line was relatively horizontal from the test

section to the water measurement point.

The air-water separator was a centrifugal-gravity

while the air-flow was measured by a precision Wet

Test Flow Meter. The air flow meter could accurately
measure flows doun to 0.001 cft/hr. A water filled:
manometer was used to indicate the dlfferential pres-
sure between the sample probe and tube wall static
'pressure. At high water rates difficulty was exper-
ienced in trying to operate the probe isokinetically. ~

The pressure lines filled with water and air slugs

taklng data for four dlfferent experimental setups
(Fig. 4. -b -c- d), the 1sok1net1c probe was replaced

by‘the sampllng,probe.. Another reason for changlng

was that the isokinetic probe captured less than the,/“

correct amount of air. _The same-effect was experlenced

T TR A T T TR T B T R TR S S SR R SRR g 8 s Gyt £ T AR T IS R oq-m,,l"“‘: ﬁ:%wm;.@{?"‘ v:‘.\"' »EMW#*?“% ok




the manometer inlet were used to damp the pressure

fluctauations occurring to obtain a mean reading of

the impact and static pressure,

The condition necessary to maintain isokinetic
sampling was achieved by one of two means. Valve

V1 (Fig. 3) would be opened to allow flow into

pressure in the tube would fall. The valve was

opened until the probe and tube wall static pressures

o S equalized. This condition indicated isokinetic

sampling. Dﬁring the minute of flow sampling the

valve would be adjusted as necessary to maintain the

-équality of static pressures. 1If valve V1 could be

fully opened without creating the equality of static

pressures the vacuum pump would be started. By

regulating the suction on the probe flow lines the

probe static pressure could be lowered to the tube

wall static pressure. During the minute of flow

All air-water flow 1ines in thé probe system were

~1/£5" 0.D. tygon tublng -The sampllng probe had a-

the probe lines. As the valve was opened the static

'sampling the suction would be adjusted as necessary.

Lot L r:—‘:u.-:g,:-g..-: o

~sampling area of 0.00138 square 1nches\ The 1sok1net1crf%wﬁw




Fig. 4 a-b-c-d).

The sampling probe was used at the

beginning and at thecentre of the down f1ow tube, with

valve V1 fully open.

2.6

Operating Procedure N

L 9 |

First the compreSsor cooling water tap was opened.
Once cooling water started circulating through the
compressor cooling system, the compressor was started.

The next step was to allow air into the porous bronze

tube so that water was unable to enter the surrounding

air chamber of the bronze sleeve. The water pump

would be started and the water flow rate adjusted to

the desired GPM level. The water rate was adjusted
by a globe valve located just before the water floﬁ\

The air flow rate was controlled by a 1/4" gfobem\

— - : ‘meter.

valve on the low air flow supply. When air-water

flows became stable sa&pling of the flow was done and
also flow descriptions were noted down. Sampling of
water flow rate in ml/min, air £1 ow rate in cft/min,

"and pictures of the flow pattern completed the data

_._necessary fOr one flow observation. The sampllng

_hgqmwmmwm_was done across “the tube CYoSss sectlon and fluid was

4-12-




——vertical upward and downward two-phase flow was pfimarily---"-*%-‘@-“-“

'~'3peed Of the shutter ~

III. TWO PHASE FLOW: COLOUR SLIDES

The investigation made here on flow patterns in’

a visual one. Many features of the flow occurred too
quickly to be detected by the naked eye. To identify
these features high speed colour slides were taken. The

reasons for taking colour slides were:

l. We could project the slidesvon a screen and hence
get a clear and enlarged picture of the pﬁase o
distributions. ' '

2. Colour slides could clearly distinguish'the orange

coloured water phase from the colourless air phase.

A Nikon F camera was used for taking the oolour slldes
of the flow patterns - The shutter speed was one thousandth
of a second. Four 500 watt bulbs supplled the neceasary
light. A gray card and a light meter were ‘used to_adjust.

the four bulbs to get a uniform brightness over the flow

'area%of interest. Kodak high speed ektachrome colour
Afilm@oﬁftype B was used to take slides‘ The light‘meter” |

and gray card were useful in dec1d1ng aperture 0pen1ng and“.F;-"_a

Flgures 17 te 55 show black and whlte reproductronAof

R A R
. i .

‘the colour slldes taken in thlS 1nvest1gatlon -fFlgures 17'-

S

13- .
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“

to 36 show the close-view and full-view flow patterns for

‘an air rate of 2 scfm and water rates of 3-4-5-6-6.5-7-7.5-

»v,8-10-15 GPM. Figures 37 to 51 show the close-view and

:vfull-view flow patterns for an air rate of ;25 scfm and water -

fates of 3-4-5-6~6.8-7-8-10715.GPM. Figures 52 to 55 show

the flow patterns with an initial air flow rate of 2 scfm

(injected in tee section), air boiled through the sleeve

- equal to 2 scfm, and water rates of 3 GPM (Figures 52, 53,
54) and 1.5 GPM\(Figure 55) respectively.
11._ )

; |
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IV. EXPERIMENTAL OBSERVATIONS

The experimental Study was divided into three main
portions. First, measurements of the phase distributions
were made in the upflow leg'with air injected.at the
bottom of the upflow 1egﬁand the sampling probe located

at the middle and the bottom of the upflow leg as shown

in Figure 4(a) and 4(b). Next, phase distribution measure-

ments were made in the downflow leg with air injected at the

top of the downflow leg and the sampling probe located at

the top and centre of the downflow leg as shown in Figure &

(c) and 4(d). Finally, a photographic stﬁdy of flow

'patterns in the upflow leg, ﬁpper U-bend and downflow leg

.. was carried out. Simulated boiling numbers were of the
“order of 1 X 10-5 to 10 X 10-5 where the-boiling.number is

~defined as the ratio of the vapor mass production rate per

unit surface area to the flow-rate per unit cross section.

.4,1»'Phase Distribution in Upflow

% Flgure 5 shows the alr dlstrlbutlon halfway up

'?_the upflow tube w1th air 1nJected at the bottom of

| the upflow tube and Flgure 6 shows the corre3pond1ng_M;;;wnw"

e water dlstrlbutlon | Figures 7 and 8 show the air and

.-g:;;;;_g,‘water dlstrlbutlon at the bottom of_the upflow tube

meR

h_mFof each—curve; ----------- ehe»frfst number denoteswthe”totat”“m¢m9'

g




water [low rate in gpm and the second number denotes
the total air flow rate in standard cfm.

In studying the phase distribution plots, it is

essential to realize that the sampling probe errors
- were so large that no reliance can be placed on the | =;f“ff'

absolute magnitudes. However, at a‘given water flow

rate and air flow rate, the shape of the curves.. ':1-".“*

. f probably gives a good indication of relative distri-

bution.

The plots show that the air mixes with the water

almost immediately in the up flow tube and there is i

et T

¥

no concentration of either phase on the wall or in the

centre of the tube,.

4.2 Phase Distribution in Down Flow ' '
Figure 9 and 10 show the air and water distribution
‘at the top of the down flow tube, with air injected T
just above the sampling section. At a water flow rate

—_ ] of 5 gpm;\considerable-asymmetry,in~phase distribu-

e ‘tion is. observed, with the air flow1ng pr1nc1pa11y on
| one 51de of the tube, and the water flow1ng mainly on

the other side. The 81gn1f1cance of this phenomenon

.........................

‘ et e ,__.,”& : '_~A - v it £ e ek e eome 8 n s e _T.“-...___-...m R p— - ) | ‘. z ) : -5
= cussed. | . - e | -

. ———

e e At the higher flow rates of 10 and 15 gpm ”hthe U

mﬁiiu air is falrly well dlSpersed and the'water has a ;fiff?f::iiiiijiﬁ

hlgher flow rate at the centre of the tube than at the W¥i

wélls.j Flgures 11 and 12 show the phase dlstrlbutlons R :

B
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_ jthe higher water flow rates the flow pattern is

Trn, S e o R T

4.3

halfway down the tube. Some asymmetry is still

approaching the annular flow observed by Golan; with

‘confirming the earlier results.

"naked eye, and a series of photographs were taken

~to follow the transition from asymmetric to symmetric

“tube. As the water flow rate increases, the

;;for ‘an air 1nJect10n rate of Z'O-cfm and 1ncrea31ng

observable at the lowest water flow rate, but at

the air mainly flowing in the central portion of
the tube, and the water flowing in a film along the

walls. Figures 13 and 16 give additional data "

Visuai Observations of Flow in the Upper U-bend

The asymmetry noted in the down flow tube for a

water flow rate of 5 gpm was also apparent to the

flow in the upper portion of the tube. At low water
flow rates, some air is able to rise above the in- A
jection zone and lodge in the U-bend, forming a cavity’

which extends from the U-bend into the down flow -  1~

-cavity shrinks in size until it disappears abruptly_':
at a water flow rate of 7 gpm.

Flgures 17 to 36 show thlS sequence of events

: -
T e A T S S PRI ST S0 i3 S e i

~ water flov rates. At 7 gpm the flow below the T

T Bt e SR B

&




‘iInjection zone changes from asymmetric cavity flow to

cavity behavior is essentially the same,

... froth flow. For an air flow rate of 0.25 cfm, %he

except that

after the cavity vanishes at / gpm the flow in the

tube is bubbly.

Figures 37 to 51.

These flow patterns are shown in

Additional photographs were taken of cavities.

occurring when air was injected into a two-phase

mixture of air and water created by mixing air in

‘the tee section.

cavity is also present when the water appfoaching the

‘U-bend contains some vapor.

Figures 52 to 55 show that the

In these figures the

initial air flow rate is 2 scfm, the injected air

flow rate is 2 scfm, and the water flow rates are

3gpm and 1;5 gpm.

For both the hlgh and low air injection rates,

the cav1ty dlsappears at a water flow rate of 7 gpm.

This corresponds to a water veloc1ty of 1. 27 fps

~ The actual fluid mechanlcs of the phenomenon are

..........

M*fmomentum effects

However |

a*rough estlmate of the

’ 4

tran51t10n velocxtyﬂean»be made by assumlng that

prlmary effe"L is a balance between grav1ty and

o

;18-
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- than that tested here.

centrifugal apceleration.akGravity tends to pull the
liquid down from the top wall of the U-bend, while
centrifugal acceleration tends to throw it upwards.

Transition should occur approximately where these

2
two effects are in balance i.e. when LA g.

With an outer U-bend radius of three inches,

this gives a transition velocity of 2.8 fps.

this velocity the liquid should be attached to the
upper wall, while below it a cavity is possible." This
value of velocity is roughly double the true transi-
tion velocity. It would be interesting‘té find out
whether the transition velocity is in fact proportional
to the square root of U-bend raaius for U-bends with

a ratio of tube diameter to outer U-bend radius different

w

Above - -




ments with conducting glass tubes so that the flow pattern .

4

V. CONCLUSIONS AND RECOMMENDATIONS

~With vapor injection in the up flow tube, excellent =
mixing between the phases occurs and the vapor is distri- ..

buted uniformly across the tube.

With vapor injection in the down flow tube,'two’
intereSting phenomena havé been observed which may have
some bearing on boiling heat transfer. At low liquid flow
mfates, a vapor cavity forms in thg upper U-bend and persisté
over a substantial portion of the down flow tube.' At higher
liquid flow rates, the cavity disappears but in the region
immediately after the vapor injection zone the 1iquid is
forced away from the walls, and the annular configuratibn

observed by Golan does not occur until the flow has been

able to recover from the disturbance prdduced by Vaﬂg}%af | o
injection,

..... Sy

Additional expériments should be carried out with *

.diffefenttube and U-bend radii to obtain scaling laws

~ actually occurring in down flow with be

~ .observed. . T o= B

for the transition from,the_éavity flow to well-mixed flow.

In addition, it is desirable to carry out boiling experif_“

S

_1 ing-é—-éwﬁ ~»—~be o . e e o .»i'
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Photograrh of the Two-Phase Flow Facility

i

-21-




‘To low
alr flow

Air

P 5 Surge
o Tank

A Air
Eilter

—1

M-

_""l|1'Ill|j

| P & 4l

Low Air Flow
weter.

Air Compressor

High Air

Flow Meter

‘0i i _

Splash
Shield

Return Line

Woter

B;a;ﬂge gwater Pump‘ ‘Flow
rum ~ Meter

1

-

Low
Air
L Flow

Test
Sect.

Y

{//Mi?ing Tee

' Schematic Diagram Of Flow System

Pig.1(b)

Mixing Section

PR DR AR R U T AR
AT b




rl‘

7

{
4
k

2
b

¢z~

Air
Line

4 p3 (O THD 22 |

Vertical Vertical riser

Down Comer L/D=81
L/D=73 b//
~

Return To , _ |

<~ WVater — "- : . | N
Storage ;Q- - - D=1.5
Drun

L/D=28

N
o ®—]® QR

lh Horizontal Mixing 8ection L/D=40 _ftf

Water Line

A Schematic Diagram of the Test Section
Fig.2.




.

Ty = e ey o e e g
-

f " - &51  é The Isokinetic Sampling Instrument

A - Te

Qupe-wallgatatlc Pressure Llne.Ai];_water Suction

o .T :

t |
3tron § | \

R P e T et

Separator

_%;Samplé»Flow Line

T e é | m

AN ‘Probe Static
~~. Pressure line

!

Air Vacuum
Rotameter Pump

—pe-

- -A:§
” | Water

! | o T | . | véf | - Water -~ Collection
| | . Manometer

| ~ Two-rhase
{ low

Th%'éémgling‘probe

FPig.3.

;
R L e



e s e s A R, TR e N T
e

(a)

7a\

the test section

(b)

2\

7\

(c)

Fig.4.

Schematic aiagrams showing different experimental seteups of

Schematic diagram
of boiling section

(e)




N

Probing at. the centre of the upflow tute and
boiling at the bottom of tne upflow tube.
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Probing at rnhe centre of tne upflow tube and
b.iling at the bottom of the upilow tube.
~ | l: 5-2
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Boiling and prouing at the bottom of the upflow tube,

l: 5-2

2: H5-1.6
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Boiling and probing at the top of the downflow,tube._
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Boiling and probing at the top of the downflow tube,
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Boiling at the top of the downflow tube and probing at
the centre of the dowmflow tube.
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Boiling at the top of the downflowtube and probing at

the centre of the downflow tube.

$ . 11: 10-.5
e 13: 10-.3
- -t 143 10-.25

18: 15-.5
20: 15-.3
21: 15-.25

Air sémpléd by the probe in
cft/min.x lOf'4

.t

S

1




2400

ube,
1.

2
5
4
5
6
h

Air sampled by the
cft/min.x 10~4

-2
-1.5
-1

(G2RG IR G ARG LR GRS

e in

¢)

&

2200

oiling at the top of the downflow tube and
the centre of the downflow

T7:
8:
9:
10:
1l2:
15:
16:
17:
19:

orobing

5=¢ 25
10-2
10-1.5
10-1
10-.4
15-2
15-1.5
15-1
15—'-4‘

- r/R
Fig.13(b).
=35-

> Rt




Boiling at the top of the downflow tube and problng at
the centre of the downflow tube.
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oiling and proring at the top of the downflow tube.
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Flg. 22,
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Fig. 29. - Fig, 30,

@




Fig. 33. Fig. 34.
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F.V.P.-A,B..25-W.3
Fig. 37.
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| Fig.f39'”
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F.V.P.-A.B..25-W.6
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Fig. 41.
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C.V.P.-A.B..25-W.5
Fig. 42. '
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Fig. 46.
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