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ABSTRACT
An evaluation and analysis method is presented
to investigate an approach to scale-up a
hydration reactor and to solve some economic
problems by looking at the natural gas hydrate
storage and transportation process as a whole.
This paper presents the stirred tanks used for
gas–liquid mixing operations in laboratory
setups or industrial processes are various in their
design, which may be specified in terms of the
tank geometry, the types of impellers for
stirring, the types of gas-injection devices, the
types of heating/cooling devices. Analyses
indicate that the process evaluation parameter is
relevant to technology level and resource
consumption for a system, which can make it
applicable to economic analysis and venture
forecasting for optimal capital utilization.
Keywords: Natural gas hydrates, electrolytes,
hydrate inhibitor, stirred-tank reactors etc.

I.INTRODUCTION
The rate of hydrate formation is identified as one
of the critical parameters in design and operation
of large-scale hydrate production plants for
storage and transport of gas as hydrates. At the
Norwegian University of Science and
Technology (NTNU), extensive studies of
relevant hydrate properties have been carried out
(Gudmundsson et al., 2002). In the production
process, hydrates are formed in a continuous

water phase at typically 5-15 °C and 50-100
bars. The same conditions are relevant in cold
flow technology where oil, gas and water are
passed through a subsea unit for flow assurance
purposes (Gudmundsson, 2002). In this study,
the rate of hydrate formation has been measured
in a continuous stirred tank reactor (CSTR)
under various pressure, temperature and
hydrodynamic conditions. To describe the rate
of hydrate formation in a CSTR, a bubble-tocrystal model has been developed.
1.1. Hydrate Formation Studies
The hydrate formation process has been
identified by many researchers as important in
understanding the nature of gas hydrates.
Vysniauskas and Bishnoi (1983, 1985) initiated
a systematic research on hydrate formation
kinetics by studying the rate of methane and
ethane hydrate formation in a semi-batch stirred
reactor. They proposed a semi-empirical model,
with pressure, gas-liquid interfacial area and
temperature driving force, for the rate of gas
consumption, and a mechanism for nucleation
and growth.
II.PROBLEM STATEMENT
Characteristic liquid-dispersion-type reactors are
composed of high-pressure chambers and watercirculation/cooling assemblies that enable the
continuous, downward spraying of pre-cooled

75
All Rights Reserved © 2018 IJARECE

ISSN: 2278 – 909X
International Journal of Advanced Research in Electronics and Communication Engineering (IJARECE)
Volume 7, Issue 1, January 2018

water from a spray nozzle, or nozzles, installed
in the top portion of each chamber can be made
by simply enlarging the horizontal dimension of
the chamber and increasing the number of spray
nozzles to be installed in the chamber and the
power required for circulating water during the
operation of a scaled-up reactorHence, we focus
our attention hereafter on the issue of the scaleup of two typical reactor designs in the gasdispersion-type category: one employs gas
bubbling into a stirred aqueous-liquid pool
filling the lower portion of a cylindrical tank.
III. SYSTEM MODEL
Stirred-tank fermentors typically follow general
guidelines in order to optimize mixing and
reduce power requirements. Extensive research
has been performed to give guidelines on sizing
of stirred tank fermentors and their components.
However, none ofthese guidelines are absolute;
rather they are meant to direct the basic
geometric design of stirred tank fermentors
while other factors are held constant. These
guidelines areoutlined in the following
paragraphs.
Impellers: The ratio of the impeller diameter to
the diameter of the tank (di/dt) should be
between 0.3 and 0.5. In the case of using radial
flow impellers the ratio should be approximately
0.3. If the impellers are too small they will not
generate enough fluid movement, whereas if
they are too large they require much more power
and become less efficient [15].
Impeller Spacing: The spacing between
impellers should be 1.0di to 2.0di, where di is
the diameter of the impeller. In addition, the
bottom-most impeller should be located 1.0di
from the bottom of the tank [15, 17]. If the
impellers are spaced too close together (less than
1.0di) the power imparted to the fluid can get as
low as 80% of that obtained from proper

spacing. On the other hand, if the impellers are
spaced too far apart the fluid does not
experience adequate mixing [17]. Thus, the
number of impellers can be determined from the
following equation:

(1)
where HL is the height of liquid in the vessel
and niis the number of impellers [17].However,
this is assuming all the impellers are spaced
equally between the bottom of thetank and the
liquid surface. As stated before, the bottom-most
impeller is usually spacedone impeller diameter
from the tank bottom, and the upper-most
impeller is spaced 1.5 ormore impeller diameters
from the liquid surface.
Baffling: Stirred tank fermentors generally use
baffles because of the need to disrupt the bulk
fluid flow in the tank. Bioreactors do not need
this disruption. In most cases, four flat baffles on
90° centers are used and have a width of .08dt to
.10dt, where dtis the diameter of the tank [15].
For low-viscosity flows baffles are attached
directly to the wall of the tank, but for moderate
to high-viscosity flows baffles are set a small
distance away from the wall [18].
Tank Height: The height to diameter ratio of the
tank is typically between 2.0 and 3.0; however,
taller tanks (up to HL/dt=4.0) have been used to
reduce the power requirement of the impellers
[20]. Typical tanks also employ a dish-shaped
bottom to enhance mixing and prevent dead
zones.
3.1. Tank Fermentors
Design and scale-up of stirred tank fermentors
are largely based on empirical data. Some
research suggests that the design of stirred tanks
should be based on mixing time, while others
claim it should be based on the specific power
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input [21]. Others argue it should be based on
impeller tip speed [22]. A few researchers have
suggesteddimensionless number correlations be
used for reactor scale-up and design [12].

A scale ratio R is used for scale-up from the
standard configuration
1. Determine the scale-up ratio R, assuming that
the original vessel is a standard cylinder with
DT1 = H1. The volume V1 is

IV. PROPOSED METHOD
The calculation of power requirements for
agitation is only a part of the mixer design and
the process results are to achieve the optimum
mixing and uniform blending. The process
results are related to variables characterizing
mixing, namely geometric dimensions, stirrer
speed (rpm), agitator power, and physical
properties of the fluid (e.g., density, viscosity,
and surface tension) or their dimensionsless
combinations.
Sometimes,
empirical
relationships are established to relate process
results and agitation parameters. The laboratory
system can then be scaled-up to predict the
conditions on the larger system.

(2)
The ratio of the volumes is then

(3)
The scale-up ratio R is

(4)
Using the value of R, calculate the new
dimensions for all geometric sizes. That is,

If geometric similarity is achievable, dynamic
and kinematic similarity cannot often be
predicted at the same time. For these reasons,
experience and judgment are relied on with
aspects to scale-up. The main objectives in a
fluid agitation process are :

Or

• Equivalent liquid motion (e.g., liquid blending
where the liquid motion or corresponding
velocities are approximately the same in both
cases).

2. The selected scale-up rule is applied to
determine the agitator speed N2 from the
equation:

• Equivalent suspension of solids, where the
levels of suspension are identical.
• Equivalent rates of mass transfer, where mass
transfer is occurring between a liquid and a solid
phase, between liquid-liquid phases, or between
gas and liquid phases, and the rates are identical.

(5)

(6)

(7)
• Where n = 1 for equal liquid motion
• n = 3/4 for equal suspension of solids
• n = 2/3 for equal rates of mass transfer
(corresponding equivalent power per unit
volume, which results in equivalent interfacial
area per unit volume)
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The value of n is based on theoretical and
empirical considerations and depends on the
type of agitation problem.
3. Knowing the value of N 2, the required power
can be determined using Equation (7) and the
generalized Power number correlation.
Other possible ways of scaling up are constant
tip speed uT(πNDA), and a constant ratio of
circulating capacity to head Q/h.
Since P α N3D5A and V α D3A then

temperatures and gas flow rates were plotted
against time, and the time interval or intervals
with a linear gas bottle pressure drop and a
stable gas vent rate were identified. We mention
the input parameter in below table.
Table 1: Input parameter
Input parameter
Ambient Temp
Heating Element

Value
3
7

Temp of catalytic converter
Concentration of CO
Exhaust temperature

8
9
10

(8)
For scale-up from system 1 to system 2
involving geometrically similar tanks and same
liquid properties, the following equations can be
applied:
N1DA1 = N2DA2(9)

(10)
For a constant ratio of circulating capacity to
head, Q/h,
(11)

V.RESULT
The hydrate laboratory consisted of a flow loop
with four main units: a reactor, a separator, a
heat exchanger and a circulation pump. Each
experiment was performed at steady-state
conditions. In experiments where stable gas flow
rates developed rapidly, the gas injection rate
was shifted once and sometimes twice. The
recorded data from each experiment were
analyzed
using
MATLAB.
Pressures,

Figure 1: 1a: exhaust temp and exhaust feed
temp, 1b: feed conc and outlet conc, 1c:
Ambient Temperature and its catalytic, 1d:
heating element
Methane Solubility (moles CH4 per kg water)
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Figure 2: Methane Gas stability and pressure for
constant catalyst
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Figure 3: Gas solution
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1. Liquid spraying hydration experiment
with higher pressure and lower
temperature enhanced the mass transfer
and heat transfer, increasing the
hydration rate and reducing the pressure
of the gas phase.
2. Process evaluation parameters and
integrated process, or bettermanagement
level could effectively reduce the
resource consumption and could
furtherimprove the resource output
level.
Future work can isolate more specifics of the
detailed role of bubbles on electronucleation. It
is also useful to compute the fraction of water
hydrolyzed over
the course of the
electronucleation experiment. The current
measurement indicates the charge transfer and
thus the number of water molecules undergoing
hydrolysis over the course of the experiment.
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