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A study of Cascade Vapor Compression System for Energy Saving

in Milk Pasteurizing Process
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Abstract

This research studies of Cascade Vapor compression
é_ystem for Energy Saving. Generally, that using of Heating and
Refrigerating in milk pasteurizing process. For Heating a! high
temperature used for a process of pasteurizing, For Refrigerating
at fow temperature used for maintained raw milk guality in the
firs! process and decreased milk femperature in the end of
process. Nowadays, a Single Stage Vapor compression system is
commonly applied for Cocling process and used an Electric
Meater for Heating process. But the Single Stage Vapor
compression system is inefficiency for Energy Saving.

Therefore, this paper emphasize on Energy Saving of
Refrigerating and Heating in milk pasteurizing process. A
Cascade Vapor compression system is applied for Cooling
process as Refrigerator and applied for Heating process as Heat
pumb. From the study of Cascade Vapor compression system in
milk pasteurizing application in a dairy with capacity 3 tons per
day of Raw milk in Nakhon Ratchasima. As a result, this study is
clearly represented that the Cascade Vapor compression systern
requires energy less than the original system for the same
operating conditions,

Keyword; Refrigerating/Heating/Vapor compression Syslem/
Cascade System/Energy Saving
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Abstract

This research presents a Thermeodynamics Modeling for Two
Stage Vapor compression system in a Hot-filled milk pasteurizing
process. The system can be classifies tol.the Two Stage Vapor
compression cycle with a Flash Tank system and 2.a Cascade
Vapor compression cycle, This paper has purposes to present
the derivation of Thermodynamics modeling method and analyze
this modeling in the form of the net power consumption of Two
Stage Vapor compression system with auxiliary heater. As the
results, will be receive the Thermodynamics optimization of

refrigerant.
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Abstract

The objeclive of this research project is to design and

develop potential vision technigques for visual inspection in HDD

QC process. HDDs thal pass from this inspection are sent to
packaging process. Currenily, manual labor is still deployed to
visually inspect physical appearances of the drive, for examples,
number of screws, label alignment, twisted pins, dented or
scratched mark, etc. Experiise of such inspection can be
obtained from specific training process. The concept of this
inspection can be replaced by automaled visual inspection
system. This kind of system can reduce error from human labor
and decrease time of inspeclion. There are various kinds of
vision techniques that are suitable for this inspection which
depends on gach detall of inspection conditions. By using proper
segmentation, pattern classification and recognition, this visual
inspection can be achieved efficiently leading o implementation

of a full-scale auvtomated visual inspection.
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Abstract

- Wall shear siress is one parameter of cleaning
enhancement in cleaning in place (CIP) system. In this study, the
shear stresses that are generated by various type of puised flow
at the wall of plate heat exchangers will be investigated by using
finite volume method of the commercial computational fluid
dynamics code (FLUENT®). The expected resuits might be useful
for the cleaning in place enhancement in plate hea! exchanger
which is normally used in dairy process,

In program testing step, wall shear stresses that were
generated by turbulent steady flow and turbulent pulsating flow
were invesiigated in straight pipe (2D). According te simulation
results, there is no difference of wall shear stress analysis
between steady flow and pulsed flow. These simulation results
are not related to the experimental analysis, Consequently,

program testing and fearning are continued for fulure work,
Keywords: wall shear stress, CFD, pulsed flow

1. Introduction

During thermal treatment in dairy industry, there is an
undesired build-up of deposits on the surfaces of pipes and
equipment especially heat exchangers. The undesired deposits,
fouling, can be created when protein in miltk is denatured and
deposited on the heat transfer surface. Build-up of fouling
reduces heat transfer because an insulaled propery of the
fouling increases the heat resistance at the heat transfer surface.
it also increases the pressure drop due to the increase in surface
roughness and the decrease in cross section area of the flow
channels. For safety source  of

impact, fouling is the

contamination in dairy product because of the accumulation of
microorganisms. Fouling is used to protect microorganisms from
cleaning, especially thermophite microorganism [6]. Because of
these problems, there are many researchers who try o
understand the fouling formation on the plate heat exchanger
surface. Grijspeerdt et al. (2003) [5] used 2D and 3D
computational fluid dynamics (CFD) to investigate flow pattern of
milk between two corrugated plates. The calculations identified
the influence of corrugation shape on fouling. Because of the
angte of corrugation shape, the reverse flow regions are created.
The longer heating time of fluid particle causes more fouling in
the reverse flow regions. As same as Bonis and Ruocco
(2006)[3], they used CFD simulation (COMSOL Multiphysics
v.3.2a) to study the deposit of B-lactoglobuiin on the plate heat
exchanger surface. They found that the temperature and velocity
distribution can be used to explain the fouling distribution. The
stagnation regions and the regions where the fluid is slowed
down are the weak spots with respect to fouling, because the
contact time between fluid and heating wall is longer than other
regions. At the same time, the ouflet channet where the fluid
temperature increases from 60 “C to 97 'C, the most of the
fouling is created due to B-Iactoglobulin denaturation. These
outcomes led 1o the new plate heat exchanger system, designed
for the uniformity of flow distribution. The new system could
reduce the deposited mass to 1/10, compare to the current
system {7] Although, plate heat exchanger can be modified to
reduce the deposit on the surface, the regular cleaning of the
plant is still necessary. Cleaning in place (CIP) is one part of
cleaning systems which is used in large-scale production. In the

CIP system, subshrates are circulated to remove the deposits



from the surfaces. The cleaning efficiency is affected by chemical
concentration, temperature and fluid flow. Therefore, one way o
enhance the cleaning is fluid flow adjustment. Gillham et al.
(2000} [4] studied the effect of pulsed flow on cleaning
enhancement of whey protein soil in the tube. Pulsed flows of
0.5% {(wiw) NaOH were generated by a bellow unit and a piston
device which generated pulse frequency less than 2 Hz (low
frequency) and the magnitude of puised amplitude were grater
than steady flow velocity. The results of this study show that
pulsing both increased the rate of cleaning and changed the
cleaning rate behavior, especially in decay stage. Because
reverse flow, generated by pulsed fiow, can increase wall shear
stress. Pulsed flow cleaning is most effective when the amplitude
of pulsed flow is grater than the steady flow velocity. There is
another study that relate to Gilham's study. Blel et al. {2008) [2]
studied the effect of twbulent pulsating flows to the bacteria
removal in siraight pipe. Pulsatile flows were generated by
solenoid valve in pulsation generator system. The range of
amplitude and frequency of pulsed flow were 0-0.81 m/s and 0-
2.86 Mz, respectively. The study shows that pulsed flow can
reduce the number of bacteria more than sieady flow. The
bacteria removal enhancement is control by the combination of
amplitude and frequency effects. For Bacillus cereus spores
removal, the optimal amplitude and frequency are 0.73 mfs and
2.5 Hz, respeclively. Moreover, the recirculation {hat is generated
when the amplitude of pulsations is higher than the average
velecity induces high fluctuating shear rate at the wall. This effect
can enhance deposit removal as Gilham's study.

Besides, there is the research of wall shear stress in
the corrugated wall. Nishimura and Matsune (1998) [9] used finits
element method o study the behavior of vortices generated by
pulsed flow in asymmefric and symmetric channel. The study
shows that there is rotating vortex in furrow of channel. The
channel geometry affects on the behavior of vortices. The voriex
expands in each furrow during deceleration phase and shrinks
during the acceleration phase. The frequency of pulsed flow
affects on the vortex strength. An increment of frequency leads to
promote vortex strength, causes higher wall shear stress.
Metwally and Manglik (2004) [8] investigated the laminar steady
flow of viscous liquids in sinuscidal comrugated parallel-plate

channels. Their results related to the study of Nishimura and

Matsune that the channel geometry affects on the behavior of
flow field. With increasing corrugation aspest ratio, the furrow of
the channel is deeper, swirl flows are gensrated in the
corrugation troughs. Meanwhile, the increment of Reyncids
produces similar effect as the increasing of corrugation aspect
ratio.

In this research, the shear stresses that are generated
by various type of pulsed flow at the wall of plate heat exchanger
will be investigated by numerical simulation. The expected results
might be useful for the cleaning in piace enhancement in plate
heat exchanger which is normally used in dairy process. In
program testing step, wall shear stresses that are generated by
turbulent steady flow and turbulent puisating flow are investigated
in siraight pipe (20).These simulated results wilt be used to

compare with the experimental analysis,

2.  Research Pracedure

In the commercial computational fluid dynamics code
{FLUENT®) testing step, wall shear stresses that are generated
by trbulent steady flow and turbulent pulsating flow are
investigated in straight pipe (2D}, These simulated results will be
used to compare with the experimental analysis.

2.1. Experimental analysis

To investigate wall shear stress of turbulent flow, the
electrolytic solution was flowed in a straight pipe {2.2 cm in inner
diameter, 25 com length) made of stainless steel (2B Bright
Annealed Finish; average absolute roughness 0.3 £0.05 lLm) and
was placed downstream the pulsations generator after an
establishment length of the flow equal to 30xD. The tested pipe
submitted to pulsatile flow generated by a pulsalion system as
shown in figure.1, was obtained by an electrochemical technique
[1]. This technigue was used to measure the limiting diffusional
eurrent given by a redox reaction of electrolytic solution (a
mixture of potassium ferricyanide, potassium ferrocyanide and
sedium hydroxide, The density of this solution is 1028 kg!ma and
its dynamic viscosity is 0,985 x 10°Pa.s at 22°C). The diffusional
current was sensed by microelectrodes which were place inside
the tested pipe. And the fimiting current was converled into the

average local walt shear stress,
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Figure. Schematic diagram of the pulsation generation system and the tested section.

2.2. Numerical analysis

To investigate wall shear stress of turbulent flow, CFD
code (FLUENTQ) was used to simulate the electrolytic sclution
flow in pipe (2.3 cm in inner diameter, 1m length). Uniform mesh
was generated using GAMBIT. Steady and upsteady conditions
are assumed for turbulent steady flow and turbulent puisating
flow, respectively. The velocity infet could set as a constant and a
sine function (eq.1) for steady flow and pulsating fiow,

respectively.
u(t) =4 +u , sin(27ft) m

Assumption:

The fluid was constant object property and incombressible fiuid;
Pipe was laid on horizon fevel, the effect of gravitation could be
ignored;

The fluid-solid contact surface was non-slip boundary;

The fluid was axisymmetrical two-dimensional flow

The numerical mode! is based on solving conservation of
mass, momentum with the standard k-epsilon turbufence model

as shown in following equation:

op -
9P v .(pi)=0
-t (pii) @)

5(§7)+v.(pgﬁ)+VP—V-(:)=0 @)

where ? = y((V17 +viu' )— (2/3)V : 171) (4}
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where Cig = 1.44; Gy = 1.92; Cy=009,0~10,0,=13

3. Results and analysis

3.1. Experimental analysis

There are ten conditions of pulsating flow generated by
the pulsation system (figure.t). Table.t gives pulsations
parameters corresponding to each condition, with Reynolds
numbers Rep,, Re, and Re, respectively based on the maximum
velocity, Ug,y the amplitude of the pulsation, u, and the average
velocity, U, The velocity can be represented by a sinuscidaf
oscillation around a periodically time-averaged value of the mean

velecity and can be formulated as in eq. 1.



‘Tabte.1 Hydrodynamic parameters foe each pulsation condition

No. Pulsation condition Maan velocity Amplitude of the Frequency of the pulsatioens Re,,, RenP Ra
{mis} pulsations{m/s} {Hz}
() 500-500ms{ 1600-2600 1.54 0.48 1 48210 | 11525 { 36690
Lmy”
(by § 100-300ms(1600-2600 |./h} 1.47 0.40 2.5 44430 | 9530 | 35000
(¢) | 10D-500ms(1600-2600 L/h) 1.27 0.61 1.66 44780 | 14540 | 30250
{d} 50-300ms{1600-2600 L/h) 1.27 0.40 2.86 39730 | 9500 | 30250
{a) | 100-300ms(1200-2600 Lh) 1.21 0.73 25 46170 | 17380 | 28770
) 50-300ms(1200-2600 L/h) 1.03 0.60 2.86 38970 | 14450 | 24520
{g} | 100-500ms(1200-2600 Lih) 1.02 0.81 1.66 43550 | 19270 | 24280
(h) 100-300ms(B00-2260 Uh) 0.78 0.73 2.5 35850 | 17320 | 18530
(i} 1DD-BDDrﬁs(3DD-1SDO L/h) 0.59 0.69 25 30510 § 16500 | 14020
I Steady (2200 L/h) 1.47 o o 0 0 35000

* opening lime-ciaseing time (minimum flow rata — maximum flow rale)

Mean wall shear stresses that were sensed by microelectrode for

different flow conditions are shown in figure.2
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Figure.2 Comparison of mean wall shear siresses between the fested flow
conditicns and increasing rates compared lo the steady flow. (increasing rate

= 100 x (pulsaling value - steady value}steady value).

Figure.2 shows that mean velocity, amplitude and
frequency of the pulsations affect to mean wall shear stress.
Mean wall shear siresses increase with mean velocity of the
pulsations as the comparison among condition {2), (&) and (e).
With the same level of mean velocily, the effect of amplitude and
frequency of the pulsafions can increase wall shear stress as the
comparison amoeng condition (a), (b), (e), {f). {g) and (). Although
the mean velocity in conditicn {(h} is two times lower than steady
flow (condition (j)), but mean wall shear stress of condition (h) Is
higher than steady flow. Because the amplitude of pulsation is
closa to the mean velocity, it nearly induces recircutation in pipe.
Therefore, wall shear stress of turbulent flow can be increased by
the combination effect of amplitude and frequency of the
pulsations. Because the effect of amplitude and frequency can
increase mass transfer due to the electrochemical reaction at the

boundary layer.

3.2. Numerical analysis

In CFD cede testing step, wall shear stresses profite
along the axial position of pipe were investigaled. In entrance
region, the boundary layer grow in order to retard the axial flow at
the wall. It makes axial velocity to adjusts slightly until fully
developed flow occures. Due to the relationship between axial
veloctiy and wall shear stress, the local wall shear sfresses in
first part of pipe (0-0.6 m) are vary as shown in the numerical
results,  Figure.3 shows the comparison of upper wall shear
stress between turbulent steady flow and turbulent pulsating flow.
There is no difference of upper wall shear stress of steady and
pulsed flow, This result indicates that the above numerical mode!
responds the same o the different flow conditions. However, the
different mean wall shear stress between steady and pulsed flow
was detected in the experimental analysis (condition {b) and (§)).

The upper wall shear stress comparison of turbulent
steady flow between numerical and experimental solution is
shown in  Figure.4. The numerical solution is close to the
experimental resull. Meanwhile, the numerical solution is totally
different from the expetimental result for pulsating flow in pfpe as
shown in figure.5. Therefore, these numerical models of CFD
code are more effective to predict wall shear stress of turbulent
steady flow than turbulent pulsating flow. It's possible that the
numerical models don't include energy equation and the suitable

tubulence model for pulsed flow simulation.
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stress of turbulent flow can be increased by the combination
effect of amplitude and frequency of the pulsations. Meanwhile,
the numerical model, is based on solving conservation of mass,
momentum with the standard k-epsifon turbulence model, can not
discreminate wall shear stress between steady and pulsed flow.
However, these numerical models of CFD code are more
effective to predict wall shear stress of turbulent steady flow than
turhulent pulsating flow.

In future works, energy equation and other turbulence
models will be employed {o predict wall shear stresses, in order
to find the suitable numerical model for pulsating flow simulation.

Then, wall shear stress of various type of pulsed flow in straight

pipe and plate heat exchanger will be investigate.
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Nomenciature

u(f ) instantaneous velesity (m/s}
u average velocity (m/s)

U amplitude velocity (m/s)

f frequency (Hz)
! times {s)
I

unit tensor

lacal instantaneous velocity vector {m/s)
pressure (Pa)
dynamic viscosity (kg/m.s}

densily (kg!ma)

stress tensor (N/ mz)

turbulence kinetic energy

M o N lY w g DI

rate of dissipation

[

i he generation of turbulence kinetic energy due
{o the mean velocity gradients

Gb the generation of turbulence kinetic energy due
to buoyancy

Y a  the contribution of the fluctuating dilatation in
compressible turbulence to the overall dissipation rate
Cie. Coe, €3¢ constants

Oy, O¢ the turbulent Prandtl numbers
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Abstract

After swaging process in HSA assembly processes, the HSA
will be passed through parameter testing step such as Gram load
and Pitch/Rell. In mass manufacturing, tester must be calibrated
over the correct period. The gram load tester is calibrated by

well-gram load controlled HSA, sc call Golden Unit, every shift

changing. Due to very short life of the golden unil, many of them
are necessary to produce to support mass preduction of HDD.
This study aim to design, develop and built the prototype of
golden unit including Calibration process revising to reduce the

manufacturing cost.
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Abstract

This research was to design and develop a prototype
machine for automatically detection damage of the screw reuse
by computer vision. The object for research is decrease using
human labor and increase efficiency of sorting out characteristic
of the screw head. This protolype machine is automatic that
mean nenessential to control it all time which use the image
processing system, by capture the picture from digital camera
and link to LabVIEW program for analyze and synthetic with
mathematics algorithm. Moreover, the research shed some that
involved high precision |, lots of details and appficable the
knowledge from education use in manufactory for industries

working.
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Abstract

This paper presents the history of wind energy technology, presen! technology, wind energy potential In Thailand,
wind turbine generator technology in Thaitand, main components, and wind turbine impact. The information in this paper would
benefit and attract the interest of Thai people to realize the importance of wind energy. During last 10 years, it has more
research and development of wind energy technology; especially, in Europe and North America zone can be useful form wind
energy to produce an electricity in the megawatt scale. Today, many countries attract more renewable energy because the
energy from jossil fuel will be decreased in the future because of envirenmental impact. The ratio of renewable energy use such
as solar energy, hydropower, biomass and wind energy will be increased. In Thailand, current knowiedge about wind energy
technology is still limited and there is not much high potential of wind energy when compared to other countries. However, wind
energy could produce an electricity in the kilowatt scale. Today, if we begin to do research and development on this technology,

we may be able to produce wind energy in the future by ourselves
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Abstract

Gven process is one of significant step for hard disk
drive manufacturing process nowadays. It processes by heating
the hard disk component adhesive using infrared wave. Oven
temperature is controlied using PID feedback contral system.
However, this type of control system often cause temperature

ever rising and lead in product damaging. The over lemperature

problem is suspect to be taken from physical changing of oven.
This change makes PID control parameters nol appropriate to
that new condition and result in low efficiency of its contral
system. This paper therefore presents infrared oven identification
technique to evaluate mathematical medel coefficients. Enhanced
data are used in analyzing temperature output responses, And
then appropriate PID control parameters are designed in order to
control temperaiure to be within specification. Model reference
adaptive system can be applied to control the temperature of
infrared oven process in the case of difference machine. The
result will be useful for infrared oven con'roller developing in the
future.,

Keywords: Heat Transfer, Control Theory, Parameter Estimation,

Response optimization
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Abstract

HS8A process is one of critical HDD manufaciuring processes
that comb wili be inserted to HSA and removed for many times
along the processes. The comb wilk be transferred together with
HSA unit through the end of process. One cycle of manufacturing
HSA and comb will

pass several environments such as

mechanical force, vibration, chemical contact and possible heat
contact that might cause comb damage. Therefore, eyewitness
checking was employed to classify reused comb before next
manufacturing cycle. The reused comb will be taken into the
processes repeatedly without knowing the remaining life of comb.
it should be advantage in the view of labor cost saving and
damage cost reducing from mistaken eyewitness, if comb life time
is known. Therefore, the project was aimed to study comb life
time focus on the mechanical factor such as vibration, friction,

fatigue to comb life time by using mechanical reliability concept.
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