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PURPOSE

Under
certain conditions, a condensation-induced water hammer (CIWH)
phenomenon can result in very large dynamic piping loads, and the intent
of this memerandum is to assure that the ABWR ECCS piping does
not experience this phenomenon.

This memorandum summarizes the work that has been done on this issue

INTRCDUCTION

The phenomena of Condensation-Induced Water Hammer takes place when a
steam bubble is surrounded or exposed to cold water in the piping and
condensation-induced steam void collapse occurs., This condition can
potentially occur in BWR ECCS piping during transient and/or accident
conditions invelving reactor depressurization. Steam voids may occur in
the piping if the reactor pressure falls below the saturation pressure
of the water initially in the pipe. Subsequent startup of the system
pump can introduce cold water into the pipe which may lead to
condensation of the steam bubbles. If this event takes place rapidly,
the sudden decompression following condensation can accelerate liguid
slugs, and liguid-to-surface/liquid impact could lead to generation of
pressure pulses which can propagate through the system and interact with
the structural members.

The purpose of this study is to review ABWR Residual Heat Removal {RHR) ,
High Pressure Core Flooder (HPCF), and Reactor Core Isolation Cooling
(RCIC) system piping configuration from the point of view of CIWH.

Since it is very difficult to define dynamic loads produced by CIWH, the
objective of this study is to assure that the proposed ABWR piping
configuration does not invclve conditions which could lead to CIWH,

SUMMARY AND CONCLUSIONS

The following is a summary of the conclusions that have been drawn from
CIWH analysis of ECCS piping. CIWH can only occur in piping used to
inject cold water into the reactor. Consequently, the HPCF, Rhn-LPFL,.
RCIC and FV injection piping was reviewed. It was concluded:

(a) The HPCF and RHR-LPFL (Low Pressure Flooder) mode in the LOCA event
may have a potential for water hammer. This was concluded after
analyzing the fluid conditions inside RPV at the corresponding
nozzle height. However, detailed study of this piping demonstrated
that CIWH would not occur (see Item (b).)

(b) The effect of depressurization transient during LOCA, i.e..
flashing of saturated water in completely filled upstream LPFL
pipe, was analyzed in order to calculate the quantity of water left
in the pipe when the pressure drops to 250 psia. It was found that
about BOY of water still remaivs in the pipe. Therefore, slow
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injection of cold water by the LPFL injection valve into the
horizontal LPFL pipe partially filled with saturated water will net
cause CIWH. For discussion of the influence of saturated water,
see Section 7.3.

(¢c) 1In HPCF systea, the presence of two-phase mixture or saturated
water at the nozz'e height and in the piping inside RPV avoids
sceurrence of high water hammer loads. See Section 7.2 for a
discussion of this effect. A pressure pulse of 10-20 psi is
generated when a slug of saturated water which flashes into a
highly compressible two-phase mixture accelerates and collides with
a surface. This pressure is not considered significant to be added
to piping loads.

(d) In RCIC/FW system, the water level in the reactor is abuve the
nozzle level at the time of system initiation. Therefore there is
no CIWH. See Section 7.5 for a discussion of this effect.

The overall conclusion is that the proposed ABWR injection piping configura-
tion is not susceptible to CIWH.

4.0

4.1

RESIDUAL HEAT REMOVAL (RHR) SYSTEM

System Description

The RHR system consists of a group of related subsystems that share
common components to perform separate functions at different times
during normal plant operation, shutdown, and following postulated
accidents. The primary system function is to remove heat from the
reactor core during plant shutdown and refueling operations, and
following a postulated design basis LOCA. The system consists of three
independent pump loops which inject water into the vessel and/or remove
heat from the reactor core or containment. Each loop contains the
necessary piping, pumps, valves and heat exchangers. The RHR system for
ABWR has four principal subsystems which are as follows:

(a) Low Pressure Flooder (LPFL) Subsystem

(b) Shutdown Cooling Subsystem

(c) Wetwelil land Drywell Sprey Subsystem

(d) Suppression Pool Cocling Subsystem

From the above four subsystems only, the first two, i.e., (a) LPFL
Subsystem and (b) Shutdown Cooling Subsystem, inject cold water into the
reactor and were thus reviewed from the point of view of CIWH. The
latter two are not considered because in these modes of RHR the reactor
vessel pressure boundary is isolated from the RHR system.

LPEL Subsystem

The LPFL subsystem provides reactor core cooling (i.e., removal of
reactor core decay heat) fcllowing a postulazed LOCA such that fuel
cladding temperatures are maintained within limit specified in the
related codes and standards. The LPFL is automatically initiated and
provides flow into the reactor vessel within 36 seconds following
receipt of a high drywell or low reactor water level initiation signal
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5.0

and iow reactor pressure permissive. In the core cooling mwode, water is
drawn by each loop from the suppression pocl and injected into the
vessel outside the core shroud via feedwater line in one loop and via
RHR LPFL spargers in the other two loops.

shutdown Cooling Subsystenm

The shutdown cooling subsystem i{s activated when the reactor is in the
normal s’ i:tdown mode. Water {s taken from the vessel through RHR
suction lines and pumped through the heat exchangers in each loop and is
returned to the vessel through RHR LPFL nozzles in two loops and through
the feedwater nozzle in the third loop.

HIGH PRESSURE CORE FLOODER (HPCF) SYSTEM

The HPCF system together with RHR (in LPFL mode) and RCIC provides
coolant inventory makeup following a design basis LOCA event. The
svstem is automatically initiated at a low water level (level 1.5)
signal.

The HPCF system consists of two independent loops. Each loop consists
of a pump, piping and valves that convey water from the suppressivn pool
to the core spray sparger.

Figure 1 shows the ABWR piping configuration for the HPCF system piping

inside the vessel. It may be noted that the U-loop of piping inside RPV
leads to a high point in the piping outside RPV.
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§ 0 REACTOK CORE ISOLATION COOLING (RCIC) SYSTEM

-

The RCIC system supplies makeup water to the reactor vessel to assure
that sufficient reactor water inventory is maintained to permit adequate
core cooling to take place. The RCIC system operates during the
following conditions:

(a)

(b)

In a LOCA event due to a break in a small process line or
instrument line, the RCIC system in conjunction with the two HFCF
system loops is designed to pump water into the vessel while it is
fully pressurized, and will provide adequate core cooling until
vessel pressure drops to a point at which the LPFL mode of RHR can
be placed in operation.

In the event when the reactor vessel is isolated and the feedwater
is unavailable, the water level in vessel will drop due to
continued steam generation by decay heat. The RCIC system is
automatically initiated when the water level in the vessel reaches
level 2.0 (see Table 1).

The RCIC pump draws water from the Condensate Storage Fool or the
Suppression Pocl, and the pump discharge water is injected into the
vessel through feedwater lines.

CIWH ANALYSIS

Based on operating experience, the potential for CIVH exists under the
following conditions:

(a)

{b)

(e)

Cold water is injected into steam-filled lines that have a
continuously available steam supply. The cold water injection rate
is sufficiently low so that the steam filled pipe runs partially
full and it is high enough to result in ripple/wave formaticn that
can trap a steam bubble. This type of phenomena is illustrated in
Figures 2(a) through (d) (taken from Reference 9) as it occurs in
steam generator feedring sparger of pressurized water reactors.
This type cf phenomena would occur in a BWR for comparable
geometric conditions.

Cold water is injected into steam filled lines and the steam supply
path is subsequently blocked by water, thereby trapping a stean
bubble. This type of phenomens is illustrated in Figure 3 (a) and
(b) which may occur in BWR plants.

Piping containing water that is heated to relatively high
temperatures during rormal plant operation and is arranged such
that it is subject to trapping a steam bubble in a portion of the
pipe when the water in the pipe [lashes during reactor
depressurization. The steam bubble may be exposed to subrooled
vater during system operation that causes condensation of steam and
vater slug is forced by pressure into the low pressure region
caused by condensation of steam bubble (see Figure 4 (a) and (b))

ABWR ECCS injection piping will be analyzed for conditions (a)and (b) above.
Condition (¢) type situation occurred at RHR and recirculation system piping
junctions in earlier plants which is not present in ABWR.
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Fluid conditions at the different spargers under LOCA condition were
analyzed. This is an important consideration because the fluid
conditions at the point where an injection line enters the reactor vessel
can have a large influence on the CIVH phencmenon. For example, if the
injection location is covered by liquid or two-phase mixture, the
injection line will not be filled with steam and so there is ro CIWH
when the ECCS subcoocled water is injected. However, when the fluid
condition at the nozzle is steam, the injection line may also be voided
with steam and a slow injection of ECCS subcooled water may lead to
CIWH. The LOCA considered was due to RHR Shutdown Cooling Suction line
break and Main Steam Line break inside the containment. The summary of
conclusis -3 is given in Appendix A. Table 1 summarizes RPV nozzlc
heights fur different spargers, water level in RPV at the time of
initiation and the fluid condition at the sparger at the time of flow
injection as obtained from the conclusions in Appendix A. It appears
that the only areas of concern are the HPCF and RHR-LPFL piping system.
This is because the HPCF is exposed to a two-phase mixture and has a
high point loop and RHR-LPFL is in steam environment in the reactor
vessel under LOCA conditions and at svstem initiation. As discussed
above . both of these conditions have the potential for causing CIWH
effects at the time the system is initiated.

TABLE 1
Vessel Height from Inicietion Fluid Condition at
Nozzle  Vessel Zero  Level  ater Ht.,  Injection Sparger
(mm) (mm)
(Ref. &) (Ref. 5)
HPFL 10312 1.5 10263 Water/Z-Phase Mixture
Sparger (Ref. 2)
RHF - LPFL 10921 1.0 9425 Steam
Sparger (Ref. 3)
FW Sparger 11613 2.0 11710 Water
(RCIC) (Ref. 6)

In the event of LOCA, the high pressure flooder spargers located inside
the shroud are immersed in a two-phase mixture at the time of flow
initiation (injection valve signalled to open). However, during the
flashing transient (transient in the period prior to HPCF initiation
when the RPV is depressurizing and water in the piping can flash), some
of the water in the piping may flash and form a steam bubble at the high
point loop of the piping, and therefore there is concern about CIVH.

The sequence of event postulated to occur is as follows:

10
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{(a) Weter in the HPCF piping inside containment is in saturated state
when the reacter is depressurized. The high pressure flooder
sparger is in a two-phase mixture inside the shroid.

(b) Any flashing taking place inside the piping high point will form
saturated steam or two-phase mixture in equilibrium with the
saturaced water. A steam bubble may get trapped at the high point
loop in the piping.

(¢) &t the time of opening of HPCF injection valve, condensation of
steam due to coming in contact with subcooled water at the high
point in the piping will cause decompression inside the pipe. Any
water slug accelerated from the reactor side towards the upstream
piping will flash into a two-phase mixture because the water is in
a saturated condition. A slug of two-phase mixture which is highly
compressible colliding with another surface has been analyzed and
found to produce a pressure pulse of the order of 10-20 psi. This
analysis was done earlier for typical BWR/5 and BWR/6 piping using
TRACBO!l computer code. The model used was the same as described
above; i.e., exposure of cold water to a steam bubble trapped in a
high point loop and the injection point immersed in a two-phase
mixture.

(d) CIWH loads due to 10-20 psi pressure pulse are not considered
significant to be added to other piping loads. It is concluded
CIWH is mot a problem for the HPCF injection piping.

[}

CIwH in RHR-LPFL Subsystem

In the LOCA event, the RHR low pressure flooders are in saturated steam

environment inside the RPV (see Table 1) at the time of flow initiation

(injection valve signaled to open). However, the upstrean piping (see

Figure 5) at the beginning of the flashing transient is filled with

saturated water at reactor operating pressure. During the flashing

transient (depressurization of reactor), water in the LPFL pipes will

start flashing into steam. This steam will leave the pipe and enter the

reactor pressure vessel. This steam flow may possibly entrain some of

the liquid in the pipe and carry it inte the vessel. In order to

determine the stean-water entrainment characteristic during

depressurization, a thermodynamic analysis was done to find out the

extent of water entrainment and the point at which a separated water

surface is formed inside the pipe. The following conditions were

assumed for the analysis:

a) Initial pressure at time zero (t = 0) = 1000 psis.

b) Saturated water at 1000 psia in the upstream horizontal portion of
LPFL pipe.

¢) Depressurization transient given in Appendix A, Figure 3, assuming
t = 0 secs, at initial pressure 1000 psia.

d) There is no heat transfer to the surroundings from the LPFL pipe
fluid.

Appendix B gives the details of the analysis performed. Following items

are covered in different sections of Appendix B.

(&) In Section B-1, a void fraction distribution function was
determined using a series of steady-state analyses (quasi-steady
state). The void fraction distribution is a function of time and
space in the pipe.
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B SALLIMA

To: A.J.JAMES

From: F.M.PARADISO ~2 )7'7”/06‘4@&691; 2/1/8’7

Subject: Will the ECCS Injection Spargers Be Uncovered at the Tigpe of
Initial ECCS Flow Injection?

To answer the subject gquestion the FSAR LOCA analyses performed with the
SAFER model were reviewed. The following is a sumpary of our conclusions
from that review:

1) HPFL sparger (inside shroud)

The HPFL will realistically initiate on a high drywvell pressure
signal and inject in less than 40 seconds for any LOCA inside the
containment. For this short space of time the water level inside
the shroud will remain high (i1.e. up in the separators) following
any LOCA.

Therefore, it is concluded that the HPFL sparger will never be
uncovered at the time of HPFL injection for any LOCA.

2) RCIC injection into the FVW sparger

The attached Figures 1 to 3 show the system response to a shutdowvn
suction line break. These results show that the FV sparger is
uncovered at the time of RCIC imitial injection. Even with a more
realistic break flow and RCIC startus time, it still would De

close. However, since the RCIC will realistically inject in less
than 30 seconds , the system pressure would not be low enough at the
time of injection to bave caused flashking in the FW line. To
confirs this for all LOCAs, the steamline break inside the
containment (see attached Figures 4 to 6) which has the most rapid
systes depressurization of any LOCA, was checked. The pressure
transient for this case (Figure 6) shows that the system pressure at
10 seconds is about 750 psia. This is well above the saturation
pressure of the 420 F FV flowv (about 320 psial.

Therefore, it is concluded that for asy LOCA the RCIC will inject
vell before the water in the FV¥ lines begins flashing.

3) FL injection into t

The level response in Figure | shows that both spargers will be
uncovered at the time of initial LPFL injection. Calculations based
on 2 more realistic break flov would probably still shov uncovery of
these spargers since the elevation of the sbutdown suction line
nozzle is the same as the LPFL injection spargers and belov the F¥

spargers.

Therefore, it is concluded that for some LOCAs both spargers will be
uncovered at the time of imitial LPFL ipjection and the systenm
pressure will be the realistic shutoff head of the LPFL system.
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Consider cross section of a pipe having radius r and unit axial
dimension. The pipe is filled with water at 1000 psia saturated
condition, and is subjected to depressurization following the pressure
- time curve shown in Figure 3 Append A.

It is regquired to determine void fraction distribution In the cross
section of the pipe.

The void fraction 1is a function of time t and the coordinate y taken
zero at the tottom of pipe. Assuming & Quasi-Steady State, continuity
of flow of vapor at longitudinal section at height y can be written as
follows:

Mass of vapor crossing the section per unit time
= Mass of vapor formed in the water
below this section per unit time.
The lefthand side of the continuity equation

o x (2b) x My x|
'7 g et @

vhere llb = bubble velocity.

The righthand side of the mass conservation equation can be derived
as follows:

Consider an sdiabatic process of pressure change from P to P+dF

for saturated water of mass M. The rate of vapor formed My is
given by the mass conservation

MSDBBO06 : NN2 B-1



L“HW
brbasfy o v flos 4 g ahotfy o T 20

”, 7”0'-&,’ -+ i (Uf*Pv) ik

Ry A PV , vdf _
“w m ;"7‘%*7&'7? :

=Mu.f , V'=M"f~

3

M A
. % . Rght fak ots of el
hiy Ak _i~@ J —?‘r

MSDERODE - NN2 B-2



,Gn.tw..? epual e vope {{wwwm% (®4®)

2oty . -M A4

'1):7 J‘f? olt
. =Y g (MLt Vo 0ol o i,
v A, dt e ,
iH bales foa <& 3 )

e (4 2 )E)HE)

v; Axl N PP A‘ arnen bedos Level ‘t'J ("M‘J‘“‘)

nAsmde ey A




=z

Fr R
.
Mhoded anes A. éh‘(b\'zé)—f 2b (A% 51) -
<

&

> ¥

= b/~~

3 Ji_ /L"(ZT— 24'«--'%) “+ b(dt- b‘)".'

B (x-472)+ £ (247

brrv—-——a, b.«u—b&-s»f /L4J..

A .
2b

S b + (1’ e A’)‘—

~ % 283 -3"

A A - ST oyt
e (77 S

)‘r%(#”")

nh . 2 TEE L)

br

,va.wZ. -

CEa

R
botes Gre~

4 -

=

iy A/bm

LAY 20 — 2 il’("’?)
z
Jin”.l&-"% —*b't(}/n")

= A‘,"\[Z-‘I“-GE): —f(_E'Q.
JZ2 % ()"

B- 4



A/br

b/r

SR———

(-

-------

WY O Dy DO
WY P Q™ O

ASymMPTOTE .

s

=
S
1S
°
B e
Q

‘‘‘‘‘ S e |
c o

~
Q
T iw
.
+—1—F
5
S .M
I

N
o

a0

175

150

]38

Alor .



ﬂ%kezw'@,.zw,tr
R R PR RSy

‘?"Lb ‘l—
1 V3 A%
tohoe f(€) » —20 - i
{ oL
Qosurt b‘-b; / /hc (wvu?b-“lou%)
ks 95¢f = 478704t , K oafr
TABLE B-1.2
!
h v v {(t)
! P € he . . - * §ub
I
1000 0 649.4 542.4 0.445 0.021 0.0071
| 950 10 659.1 $34.6 0.471 0.021 0.007.
1900 15 66R.8 526.6 0.500 0.021 0.0077
| 850 23 678.8 518.3 0.532 0.021 0.0081 0(:_1,._._,-/./ 6&/&.4«.
[s:o 31 688.9 509.7 0.568 0.021 0.0086 7
| 750 41 699.2 500.8 0.609 0.0207 0.0092
| 700 45 708.7 491.5 0.€55 0.0205  0.0098 L, 0256
| 650 54 720.5 481.8 0.708 0.0203 0.C106
| 600 64 731.6 471.6 0.769 0.0201 0.0114
| 550 74 743.1 460.8 0.842 ©.02 0.0125 oy = I§tfSen
| 500 85 755.0 449.4 0.927 0.0197 0.0136
| 450 95 767.4 437.2 1.03 0.0195 0.0151
400 105 780.5 424.0 1.16 0.019 0.0169
| 350 116 794.2 409.7 1.32 0.019 0.0191
| 300 125 809.0 393.8 1.5 0.019 0.022
250 136 825.1 376 0 1.84 0 0186 0.026

Note: Ref. 1 used to obtain steam and water properties.
u“:f'.' -
P . foa
e - decs .



Consider vapor formation in a volume V of saturated water due to
depressurization. Let there be no outflow of vapor out of the volume

Rate of increase of void fraction

AR | Sy _dx af

— B o

At = Shed AP A

Now assume vapor flow out of the pipe - )
so that outflow volume flow rate b; = ?‘) ‘b}

0(. . 7 !z = v Yy
« V V
£ X0 22X crorea + Quasi-Steady State Assumption is valid.

Check: (1) Depressurization from 1000 psia to 950 psia.

Ax . 019 .00/ - ofsuss
/0 '

xhué d M".!a' = 004 X0 Yos = O 035 ¢
Y o5

Quasi-Steady State Assumption is valid.

Check: (2) Depressurization from 300 psia to 250 psia.

X = des =°._J"7’ = 0 00/3

At
A, 2 '
~t > ”}.?:‘_’_‘_ﬂ_"g___’.‘;{—‘—’!;""q"

oy p(n-t >7 Kyl
Quasi-Steady State assumption is valid.
The above calculations indicate that the Quasi-Steady State

assumption is valid at the extreme end of the transient; therefore,
it is also valid at every point of the transient.
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B-3 CALCULATION OF MASS FLOW OF SATURATED VAPOR OUT OF THE PIPE

Unics

- secs.

- Btu/1b
®

2
hfs
% Btu/lbm sec.
M
- .
v

- 1b
lbn,scc

Note: M & n; are
based on 1 ft
length of pipe.

Equatiom 3 -
7 :p - - 5‘4— . A-:}
3 oAt
Where M = Mass of water at time ¢t
hf = Enthalpy of vaporization at time t
hf8 = Enthalpy of water per unit mass at time t
@ * = mass flow of vapor
TABLE B-3

t hfﬂ —.%: M "\V.

0 9.4 1.1 23.15'Y 0.04
10 659.1 9% | 22.75 0.038
15 €68.8 3-1 22.5% 0.037
23 678.8 1.1 22.26 0.036
31 688.9 1.1 21.97 0.035
4l 699.2 1.1 21.62 0.034
45 709.7 1.1 21.48 0.033
1A 720.5 1.1 2133 0.032
64 731.6 1.1 20.78 0.031
74 743.1 i:1 20.46 0.030
85 755.0 158 20.10 0.029
95 767.4 i.1 19.80 0.028

105 780.5 $:3 19.51 0.027
114 794.2 1.1 19.26 0.026
125 809.0 1.1 18.97 0.025
136 §25.1 1.1 18.69 0.025
(1) @tmo M= V“ - 0.5x]1 =23.151b

— — - m

v 0.0216

£
B-8
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Void fraction variation is given by

= X J(() _ﬁ'
<y ba -
where'%éu,‘Jz?)function of time is given by Table B-1.2 last column and
spatial function A/br is given by Table B-1.1.

@ k=0 x: o o7 Afoa

/

x=1 A/bh-: lge.8
This value of A/br occurs at a point very close to #/rz2; x_e.,’V&.
~ 1.99%9. This indicates that at the beginning of the trarsient the
void fraction at the top of the pipe cross section is 1. For the
remaining portion of the transient, the level of water in the pipe will
drop according to mass flow rate n; of vapor and the iemaining mass of
liquid M in the pipe given by Table B-3. The void fraction at the
freely separated surface is always 1 above the mass M. The validity of
results of Table B-1.2 and Table B-3 can be proved as feollows:

Assume mass M left in the pipe at time ¢,
Continuity Equation -
Vapor outflow rate = Vapor leaving the surface of the liquid
per unit time.
The left sicde as given by Equation &.

X M . X Rbxiyp
2 .
7 4 ?M ©
-t xV. ¥ |
n X = Abid, ' , :12; a:EL
SR Ax/
264y v;”Z}} ‘fsz ,
Ll .__’_..Jﬁ,_g_
T AU, v *y ba
Lk ) A
o & .Qu'f) .

This equation is same as Equation 5.
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E.\:gmalg

At €z ro Qees.
Fron Table -3, M:22 PS5, , 7y 0. 0388, fec.
Lalentate b, M: 22754,

"’3: o q?/ft’,a,
R = 0~¢+/¢
L - 1fe.
Al K = 22.75. - Axl
g .
A=z e 977;6" .
A pTa'b L)
26 * 2b r b)

b/x ACfL )

e ¢, 0.5

0.2 0.06, 0.44
0.4 0.12, 0.38
0.6 0.18, 0.32
0.8 0.22, 0.28
1.0 0.35, 0.25

For A = 0.477, b/r &=0.076 b = 0.03 fr.

LA L o477 - 3975
ba

o-3xo ¥
ﬁwm = 2b. x. Ay
“F
= dx 0.8% x/! x ! N o./27»a-/$-¢.
o 47/

Actual flow rate from sparger to vessel = 0.038 lbn/Sec. ( m.)

MSDBBO06 : NN2 B-10



The flow rate -; - 0.038 15 _/Sec.) emerging into the vessel is much less than
the vapor flow across section of the pipe where b = 0.03 ft. Therefore,
freely separated surface of water also exists after 10 seconds. Similarly, it
is evident that freely-separated liquid surface exist in the pipe during the
entire transient. The remaining mass of water left in the pipe (per ft.
length) is 18.6% lbm (from Table B-3) at t = 136 secs and vessel pressure =
250 psia. This represents 80X of the initial mass which indicates that the

pipe cross-sectional area will be approximately 801 full when the LPFL
injection valve is signalled to open.
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Table B-3 gives the values of M and m - the total mass and vapor mass
flow per unit length of the LPFL pipe. Assuming a 10 fr. length of
pipe, the total vapor flow in the last 1 ft. close to the LPFL nozzle is
given by
B - m; x 10 1b_/sec.
@t=10sel’ ms = 0.0 10
- 0.38 lb‘/sec.

Flow area a- 23.15 -22.75 x 0.5 ft2
-

23.152
0.0086 ft

"

Vapor sp. volune 12 - 0.471 £:3/1bm

low velocity « 0 .38 x 0,671
0.00886
’V;_lo - 20 fr/sec
Assuming there is no entrainment of water along with vapor, the velocity
of vapor @ t = 15 secs, 23 sec -- can be similarly calculated and is
given by
t = 15 sec
t = 23 sec
t = 31 secs

14.5 fr/sec.
10 fr/sec.
4 ft/sec.

'V; - 15 secs
t = 23 secs
t = 31 secs

The above results show that the vapor flow velocity over the water
surface in the pipe is continuously decreasing. The maximum velocity
occurs at the very beginning of the transient in the portion just
upstream of the nozzle. Considering velocity of vapor at 10 secs V=

20 fr/sec. which could be visualized to be the same as a 12.5 mph breeze
which would produce a quite insignificant effect on the surface of water
over which it blows. Initial vapor flow may sntrain a megligible
quantity of water from the pipe, however, as the transient progresses,
greater area becomes available for the flow of vaper and therefore the
vapor velocity decreases very rapidly. It is thus concluded that the
vapor velocity is very small to blow-out any mass of water from the

pipe.
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