CHAPTER 3

EXPERIMENTS

3.1 Introduction @‘ V///

As previously )

used by the process of fluid
dynamics and by the rapi e event the major parameter
iperature between that of the
water at 300 K as the fuel

ure (-196 K approx.) as a

driving the vapor exp
molten fuel and the li
simulant, while the 1i

coolant simulant are cho ysed:to e the vapor explosion.

Except the surro
parameters, which directly affe&”-tﬂw

l-,’;,.—-""-f o o . .
nitrogen properties, iotlon and geometry v & pressurization is the result of the

experimental system, the other

are the water properties, the liquid

interaction.
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One in many pariameters described above the absolute viscosity, is directly

related to the ﬁ ntributes to the shear
tﬂ E]ﬂrgm Etﬂu?mtmgenmtﬂ?

force especiallychetween the water ce in the BLS process.
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The velocity accompanying with the density of the liquid nitrogen, the water jet
diameter, and the surface tension between the two liquids describes the momentum

and the kinetic energy during the breakup process.

The geometrical parameters, such as the shape of the molten fuel and the
configuration of the vessel structure, can be specified by the dimension in the form of

the length, the area and the volume. The geometrical parameters are very important
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when one compares the different surface area for heat transfer between the spherical
shape and the cylindrical shape of the same volume. Similarly, one may compare the
shallow pool and the deep pool of the coolant with the same volume when the molten

fuel comes into contact and penetrate through.

Some parameters, which have already been declared, may not be possible to
observe in this experiment due to the limitation constraint in the resources and time

injection pressure and volume

available. However, two parameters controlled and measured such as water
Oﬂ 1qu1d nitrogen.

The injection pre

nitrogen. As the veloci

nitrogen increases, too by the fragmentation also

CiS 1 ity of the water in the liquid
%@ of the water in the liquid
increases the heat transfe ~volumetric

gions of the liquid nitrogen pool.

The difference in the teg ?emperature and the liquid

nitrogen temperature catseg w and coalesce to form the

film. The instabilities ca ' and the liquid nitrogen jet

impinging into the water & St d@ur and finally result in the vapor

explosion with the transient 1nctga§f;§g u}{mmhlch can be observed.
®

ygén in this experiment, the

volume of water is m -' ured dlrectly by a beaker but the liquid nitrogen volume is

indirectly me ﬁﬁﬁmf ﬂe ﬁ e outer surface of the
container. If thﬁ i ﬁ m iquid nitrogen may be
vaporized w1thout the occurrence ofithe collapsingsof the vapor film. As a result, the

AL YR Ak AT I Lata L Yia ¥ TR

the voluxaetnc ratio that defines the criteria at which the film collapse may occur and

result in the vapor explosion. Hence, the pressurization is observed.

The result from the vapor explosion is the rapid pressurization. In this

X n " . Bl d
dissertation, this was measured by the maximum pressurization rate (;1:-) at the

steep front of the pressure spike. It is one of the important keys to justify how severe
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the pressure force acts on the vessel or the containment.

The pressurization is measured with the piezo-resistive pressure sensor, which
detects the pressure up to the frequency response of 5 kHz with the uncertainty less
than 1%.

With the injection of the water into the liquid nitrogen pool, the interaction

between both liquids is presumed tor the exploswn-llke pressurization, which
can be detected and analyzed (ADC) card digitizes the analog
signal from the pressur er wi resolution and less than 42

microseconds conversion timesTF saved in a memory of a PC

computer with time.

The time is dete e &@(CTC) The chip is the main
timing source on the : ﬁ ati ] %me is 0.8381 microseconds.
The overhead for a lye, from: ip is less than 23 counts or 20
microseconds. With the/Co ershqgifrm . um sampling rate is 16 kilo

samplings per second. Two lgﬂé&ﬁom pressure transducers and two counter times

need 64,000 data in one secmy:lg)gg ming that the explosion-like signal occurs
k. ; J

language is required:“The detail of the tin anag€ment of the large memory

block for sampling data
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camera is needed to capture thé debris, ands, the photographs are analyzed.
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computerqcode developed for the high-temperature vapor explosion in order to test the

results of vapor explosion at the low temperature.
3.2 Physical and thermodynamic properties

The experiments have been conducted in cryogenic temperature range. Some

physical and thermodynamic properties of water and liquid nitrogen have been
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collected and listed in table 3.1. Generally, the physical and thermodynamic
properties of both liquids are changing during the interaction. However, the properties

can be approximated to those at the atmospheric pressure.

Table 3.1 Some physical and thermodynamic properties of water and liquid nitrogen
[5,6]

Property lists Liquid nitrogen
Initial temperature 77 K
Density 806 kg/m’
Viscosity . 1.57x10™ kg/m-s
Surface tension 240 m - 6.2x107 N/m
Thermal conductivity _ 7 - E‘lx \ 0.139 W/m-K
Specific heat | J \ 2040.8 J/kg-K
Latent heat > 3334 ' \ 199.3  kJ/kg for
e A< ) 0 vaporization
Critical temperature 6798 126192 K
Critical pressure :_:;—:22,() = , 3.3958 MPa
PG )
3.3 Explosion Chs p—

In the experimentﬁ.tg interaction is %l‘pposed to occur. And its consequence is

the pressurizaﬁ ﬂtﬁ ags%ﬁf%chﬁf]rﬁ Ea‘edicted final pressure

must be knownfin order to des1gn the chamber ratmg Before predlctmg the final

press mmm trl y/ ater at 300 K
t:;% 0 cc) liqui ogen K, constant atmosp C pressure, is

estimated for the isobaric process by equation (3.1).

cw(T w mdlmg) +m L +m wcl(.e( ice f nal ) ngLnZ + mn2cn2 (T Sinal Zlalumlian) (3 1)

where m is the mass, cis the specific heat, L is the latent heat, T is the temperature,

the subscript w is for the water, and the subscript »2 is for the nitrogen.
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The calculated temperature is ~90K at atmospheric pressure and 0.4 cubic
meter. In this state, all liquid nitrogen is presumed vaporized. The geometry of the
chamber is designed for studying process in one-dimensional fashion. The chamber
has the diameter of 0.1 meter and its height is 1 meter. The volume of the chamber is
0.008 cubic meter, 1/50 times of the calculated volume, 0.4 cubic meter. Based on this

configuation, the predicted pressure produced in the chamber is 50 bar.

In general, the convers1onw iencies in many of the past reference

experiments are from 0.1 to 1

interaction is estimated at ﬁmﬂqﬂy, 2 pipéWith 4-inch diameter and schedule
: i s 6-mul™And its strength is 120 bar at

DBOOK on Piping [35]”.

um produced pressure during the

number #40 is availa
exceptionally low te

Such pipe provides a

3.4 Finished insf{l‘

The finished 1nst%llat10n for the low temperature vapor explosion is divided

into 4 parts. Tﬁu IEIt W@Wﬂeﬁ}ﬁ’lﬂlﬁe interaction between

the water and thé liquid nitrogen 1nteract10n occurs The second part is the water

injecti ﬁ lim m vx[)h m ﬁ:lurd part is the
liqurdqo en | m ﬂ e automatic controller system. The

actual design of the whole installation and the designed explosion chamber are given
in Fig. 3.1 and Fig. 3.2. The automatic controller relay and power diagram is shown in
Fig. 3.3 and Fig. 3.4. The photographs of the finished installation and its various parts
are also given in Fig. 3.5, 3.6, 3.7, and 3.8
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3.5 Explosion Chamber

The explosion chamber connects to a liquid nitrogen inlet valve (CV1), a
water inlet valve (CV2), a nitrogen gas discharge valve (DV1), a pressure relief valve
(PV1), a solenoid valve (SV2), two electronic pressure transducers (PT1 and PT2) and

a mechanical pressure gauge.

3.5.1 Liquid Nitrogen Inlet Valvg S !, ,//

The liquid mtro

alled the lift check valve, was
designed to operate at 'to the specification given by
the manufacturer, the - ents has the lowest operating
temperature of —190

0f 40,000 kPa by me

s'steel with the pressure rating

3.5.2 Water Inlet Valve (

CV2 is used for the wat i . It allows the water flow from the
solenoid (SV1) whllf&at the sa k- flow from the explosion

chamber due to thegt i xplosion i side the chamber. It can
withstand the back preﬂl}e - & ;

e N““’g““ﬂ“‘ﬂ SRS 10T
(11 s e

chosen for the installation.
3.5.4 Pressure Relief Valve (PV1)

The valve is also called the safety relief valve. Its principal parts (valve case

and its seal) are made of the stainless steel. The adjustable ring allows the blow-down
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pressure to be varied from 500 to 1,600 kPa (gauge). For the experiment, this is set at
1,500 kPa (gauge). .

3.5.5 Solenoid Valve (SV2)

SV2 is designed to relief the high pressure inside the chamber by discharging

the vaporized nitrogen gas so that the experiment can be concluded. This valve can be

operated in the range of 100 to@“ We).

3.5.6 Electronic Pressure er,ﬂ’T '

PT1 is installe AN » bottom of the chamber. It measures

B,
the vapor pressure i

e of piezo-resistive. The
operating temperature r : thermal sensitivity shift <
£0.015%FS/°C, accordigf (6 the mantfacturer Specification. During the liquid
nitrogen loading, a po igitdl" thermore neasures the wall temperature
outside the chamber 24 centi 2 .

o i
.ﬁl' ‘.l,;'__. 4

3.5.7 Electronic Preﬂxre Transducer (P
A

PT2 is the sameglé

3.5.8 Mechaniﬂu %ﬁ@%m ‘%Jw EJ "] ﬂ j
o e BT L S8 S AT B Lo

temperature of 20 C or 293 K. The pin pointer on this gauge can show the bouncing

the top of the chamber.

during the interaction and the warning index when the high pressure is relieved.

3.6 Water Injection System

The water injection system contains an air compressor, a coupling valve, a
water bottle (WB1), and a solenoid valve (SV1).
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3.6.1 Air Compressor (AP1)

The air compressor is used to pressurize the water bottle to the desired

pressure level of 300 kPa (gauge).

3.6.2 Coupling Valve

Its function is to sim essor to the water bottle.

SV1 is normally closed so-that th an kept under the desired pressure in

0.the chamber through the check
S ]

3.6.5 Mechanical Pressure Gauge (PG2) m

L AL NE D, e v
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3.7 Liquid Nitrogen Loading System

the water bottle. It is ope
valve (CV2).

sac

The liquid nitrogen loading system contains an air pump (AP2), the rubber
tube, the liquid nitrogen dispenser and the liquid nitrogen tank.
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3.7.1 Air Pump (AP2)

This pump gently pushes the air into the liquid nitrogen tank through the
liquid nitrogen dispenser. The air will then drive the liquid nitrogen from the tank to

the explosion chamber.

3.7.2 Rubber Tube
This rubber tube pro e liquid nitrogen to flow from the
tank through the dispenser cﬁg the lift check valve (CV1)

The tank is spe
20-kg of the liquid mtrgen

- Pmed.ﬂ,fyﬂ M&J 03 MZJ n73
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given. It is suggested that the procedure should be followed in the given order. This is

i dmltrogen. It can contain up to

to prevent the mistake that may endanger to life and render the experiment useless or

inefficient.
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3.8.1 Water Loading

Ensure that the handle of the discharge valve (DV1) opens and solenoid valve
(SV1) is turn off.

Load the desired amount of water into the water bottle.

3. Connect the air compressor to the water bottle via the coupling valve.

3.8.2 Liquid Nitrogen Lo LM 9

8.

Turn on the compressor. Turn off the compressor when the desired pressure level

AW V//

is reached.

Gonnedt O 1o u./

Connect the outl d nit | uid nitrogen dispenser and

all the procedure after the cdm,@m '
Turn on AP2 at tE\ e front:of t'ﬁ"e;""‘gnﬁo

As a way to estitate-the-heighi-of-the-ioaded-liquid hitrogen in the explosion

chamber, observe outer wall of the chamber.

Close DV1 when tijhelght of the ice layer reachesﬂ@e desired level.

3.8.3 Water I&Mﬂm@atn gél Zlgmr‘ t f] q ‘j

1 ondokh J W ammng LI o ar

upon the signal from the switch. Then the controller opens the SV1 for water
injection and sends a 5-volt signal to ADC card to set time zero for recording by
computer.

Observe the mechanical pressure gauge if pressure spikes occurs.

After the interaction, the pressure continues to rise. The pressure relief valve,
which is set to start relieving the pressure when reaching 5 bar, is activated. The
pressure starts relieving and a sound can be heard very clearly. The pressure in

the chamber still rises.
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3.8.4 Post Experiment

1. Observe the pressure gauge of the chamber whether the pressure falling back to 7
bar and the relief sound is quiet.

2. If the sound disappears and the pressure gauge comes back to 7 bar, push button to
turn on SV2 at the front of the controller panel. Caution! The discharge noise can
be very loud. Before SV2 turn onj | 7 oller closes SV1 automatically.

3. Disconnect the cover and t stem at the top of the explosion

L %ﬁ ) : p p

chamber.

4. Check the water in WE all injected. If it is not, the

rrected. If possible, observe the

st be
i X! b U v

\ teraction at the bottom and

actual amount of .wate

formation of the fing®a

the inner wall of the gharabe ="
5. Wait until the ice fogfledfalthe botigu of the hamber and around CV1 is all
melt. Then, disconriect €VI' fiof the ehamber i order to drain the water out of

‘ mount of the drained water be checked

whether it agrees with the a er that is expected for the injection.
6. Disassemble the lift CM v he valve for ready to use next
experiment. Caut little-amount-of-watet "_"f'_{i valve will form ice and

f B
obstruct the valv T 0

explosion pressure [€ak back to the liquid nitrogen

AUEINENINYINT
AMIAIN TN ING Y

: )kperiment and cause the
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Fig. 3.1 Drawing of the actual installation for the low temperature vapor explosion
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Fig. 3.2 Drawing of explosion chamber
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Fig. 3.3 Schematic diagram of the controller
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Fig. 3.4 Schematic diagram of the power diagram
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Fig. 3.6 Explosion Chamber

T
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Fig. 3.8 Liquid nitrogen loading system
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