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A new perspective is presented for the design practice of the temperature gradient spreader. As compared
to other variables in the design space, the cooling stream velocity was found capable of rendering a better
overall performance, theoretically with arbitrary adjustability. Concerning the associated pumping power
consumption, the limitation from flow drag was also included in the discussion from a thermoeconomic

© 2016 Elsevier Ltd. All rights reserved.

As was indicated in [1], a trade-off exists between the mini-
mization of the peak temperature (PT) and that of the maximum
temperature gradient - MTG (originally termed as “the incremen-
tal trend of the temperature distribution”) on the bottom surface
of the thick plate (hereinafter referred to as the temperature gra-
dient spreader - TGS, since it brings about smoother temperature
distribution of the heat source with a constant heat flux). The
authors proposed an optimum aspect ratio (plate thickness b
divided by the plate length L) for the TGS, with respect to the
“balance between the imperfections through the flow system”.
However, no more elaboration can be found on how this
“balance” is defined, note that PT and MTG are different in phys-
ical dimensions. The investigation could have covered PT and
MTG synthetically, in regard of the aspect ratio of TGS and the
ratio of the longitudinal heat conduction in TGS to the convection
heat transfer (the conduction-convection parameter). Moreover,
other variables concerned in the design space, for instance the
velocity and temperature of the inlet free stream (energy con-
sumption associated in practice), are expected to ‘“cooperate”
with those already included for a better overall performance,
from a more generic perspective.
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Following the dimensional analysis [1,2], the temperature dis-
tribution at the bottom surface of TGS can be reformulated as

0(%,0) = Gb + 2f: (/01 0(%, b) cos nmx di(M 1)) 1)
n=1
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The symbolic convention [1] is applied to all the undeclared
variables and parameters in Eq. (1) and Eq. (2), note that Uy, repre-
sents the actual velocity of the inlet free stream as compared to the

counterpart (U,,) of the reference case (13 = 0). It is inferable that

besides PT, MTG also depends on the aspect ratio b and the
conduction-convection parameter x, the impact from which will
be discussed following the corresponding part of Section “4.
Numerical Analysis” in [1]. The influence of free stream tempera-
ture at the inlet of the fluid domain is neglected in the present
work since
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Fig. 1. The effect of the conduction-convection parameter, x and the normalized

inlet velocity of the free stream, Ui, on the pseudo-Pareto-frontier (PPF); the aspect
ratio of the TGS, b is in the range of 0.1-2; an equal incremental step applies to any
of the two adjacent points on each of the three curves consisting of 21 points in
total.

(1) the temperature is a linear term as indicated by Eq. (17) and
Eq. (18) in [1], meaning that any change at the Dirichlet
boundary will be transferred exactly to each inner point of
the conjugated domain;

(2) extra refrigeration may have to be included, which increases
the system complexity and is not beneficial from a thermoe-
conomic point of view.

Fig. 1 is composed of a series of exemplary curves. Each of them
depicts the trade-off between PT and MTG, with a specific x, note
that

0(1,0) 3)
and
00
max — 4
= (4)

stand for PT and MTG respectively in the dimensionless form. The
PT increases with b as the MTG is expectably diminished. When b
is held invariant, the difference between MTGs with different x val-
ues also gets attenuated. Both PT and MTG are reduced in the mean-
time as x decreases. In another word, a better overall performance
or a Pareto dominance is achieved when the effect of laminar con-
vection is reinforced as compared to the diffusive countercurrent of
heat flow parallel to the inlet stream velocity. Further supposing
that the reinforcement comes from the increased velocity of the free
stream inlet Uj, (given that the material choices for coolant fluid
and TGS are limited), the concern on pumping power consumption
arises since the normalized flow drag reads [3].

Note that U, hereby serves as the reference velocity of the inlet
free stream when b = 0, Fig. 2 is indicating that the normalized
flow drag has to increase super-exponentially with b at least so
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Fig. 2. The dashed curve represents the normalized flow drag 7,, needed for the TGS
with a certain aspect ratio, so that its PT equals to that of the reference case where
the TGS is absent; the region is termed as “favorable” when 7,, is higher than the
dashed curve since the corresponding PT is lower, the opposite termed as
“unfavorable”.

that the PT won't exceed its counterpart when the cooling fluid
is in direct contact with the heat source. This is a reminder that
there is theoretically no optimization since the curve in Fig. 1
would ever advance toward lower PT and lower MTG simultane-
ously, while the better overall performance is achieved at the cost
of increased flow drag, i.e. the curves are pseudo-Pareto-frontiers
(PPFs). In design practice, a curb has to be identified where the cost
neutralizes the benefits.
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ARTICLE INFO ABSTRACT

This work reports a novel optical microfluidic biosensor with highly sensitive organic photodetectors (OPDs) for
absorbance-based detection of salivary protein biomarkers at the point of care. The compact and miniaturized
biosensor has comprised OPDs made of polythiophene-C-q bulk heterojunction for the photoactive layer; whilst
a calcium-free cathode interfacial layer, made of linear polyethylenimine, was incorporated to the photo-
detectors to enhance the low cost. The OPDs realized onto a glass chip were aligned to antibody-functionalized
chambers of a poly(methyl methacrylate) microfluidic chip, in where immunogold-silver assays were conducted.
The biosensor has detected IL-8, IL-1 and MMP-8 protein in spiked saliva with high detection specificity and
short analysis time exhibiting detection limits between 80 pg mL™" and 120 pg mL™". The result for IL-8 was
below the clinical established cut-off of 600 pg mL~", which revealed the potential of the biosensor to early
detection of oral cancer. The detection limit was also comparable to other previously reported immunosensors
performed with bulky instrumentation or using inorganic photodetectors. The optical detection sensitivity of the
polythiophene-C,o OPD was enhanced by optimizing the thickness of the photoactive layer and anode interfacial
layer prior to the saliva immunoassays. Further, the biosensor was tested with unspiked human saliva samples,
and the results of measuring IL-8 and IL-1B were in statistical agreement with those provided by two
commercial assays of ELISA. The optical microfluidic biosensor reported hereby offers an attractive and cost-
effective tool to diagnostics or screening purposes at the point of care.

Keywords:
Immunosensor

Saliva diagnostics
Optical biosensor
Integrated microfluidics
Organic photodetector
Point-of-care

more convenient test solutions (Cummins et al., 2016).
Among the body fluids tested in biosensors, saliva holds great
promises in POC analysis (Nie et al., 2013; Tlili et al., 2010), mainly

1. Introduction

Rapid, highly sensitive, and high-throughput detection of proteins

is often a crucial step in clinical diagnostics and patient treatment.
Certain diseases, such as cancer, cardiovascular diseases and (acute
and chronic) systemic diseases, are related to small variations in the
concentration of various proteins in body fluids (Joo et al., 2012;
Rathnayake et al., 2013; Wei et al., 2009). Therefore, the early
detection of disease-marker proteins using highly sensitive methods
can save lives and minimize time-consuming and inexpensive treat-
ments. Biomarker detection is commonly conducted by laboratory
methods suffering from high costs and long analysis times.
Consequently, there is increasingly clinical demand to develop novel
inexpensive biosensors or point-of-care (POC) devices that can provide
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due to the economic and non-invasive manner of sampling. The
salivary fluid can be easily and painlessly collected by either patients
or health care personnel and requires no use of needles, thus reducing
the probability of blood-borne infections and enhancing patient
compliance. Owing to the presence of various salivary biomarkers
accurately reflecting the disease condition in humans, salivary diag-
nostics has shown clinical relevance in monitoring a wide range of
diseases and health complications. For example, saliva carries a series
of interleukins (e.g. IL-1f and IL-8) and matrix metalloproteinases
(e.g. MMP-8 and MMP-9) that can serve as biomarkers in a variety of
human diseases including cancer, arthritis, cardiovascular disease and
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Fig. 5. Detection of human salivary IL-8 and IL-1f using the optical microfluidic
biosensor. The plots (a) and (b) show the measured results of two groups of IL-8
concentration and two groups of IL-1 concentration, respectively, as detected by ELISA.

4. Conclusions

An optical microfluidic biosensor with polythiophene:PC,,BM BHJ
OPDs for the detection of clinically relevant salivary biomarkers is
described in this work. The biosensor has demonstrated good analytical
performance for salivary IL-8, IL-1f and MMP-8, exhibiting low
detection limits, high detection specificity and reproducibility. The
LOD for IL-8 was below the clinical established cut-off of 600 pg mL™,
and was in same range as that of other previously reported immuno-
sensors such as those utilizing electrochemical or fluorescence detec-
tion. The OPDs have incorporated a polymer cathode interlayer made
of L-PEI compatible to solution-processable methods, which enhances
the low cost of the organic photodetector and resultant biosensor.

The biosensor was further tested with human saliva samples, and
the results were bench marked against two conventional absorbance
assays of ELISA. Measurements of salivary biomarker concentrations
were statistically correlated to those provided by ELISA. However, on
contrary to ELISA performed with bulky optical instrumentation, the
optical microfluidic biosensor can easily be realized in a portable and
cost-effective device which makes it very attractive to POC settings. The
proposed biosensor can also be extended to the detection of other
protein biomarkers using other antibodies, thus finding application in
diagnostics and screening of multiple diseases.
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A Compact Device for Urine Collection and Transport
in Porous Media

Haakon Karlsen and Tao Dong@)

University College of Southeast Norway, Borre, Norway
{Haakon.karlsen, tao.dong}@usn.no

Abstract. We investigate capillary flow in filter paper in compact point-of-care
microfluidic devices for transport of liquid samples to sensing pads. Particular
challenges were the effects of gravity, unintended capillaries, contamination and
evaporation, and the purpose is to investigate solutions to achieve a robust device.
On the condition that the liquid sample has sufficient time to saturate the filter
paper, the transport of miscible liquid contaminants are mainly left to the mech-
anisms of diffusion, which was found to provide an inherent resistance to contam-
ination. However, unintended capillaries between the filter paper and a surface
provided an increase in the transport rate for both sample and contamination. This
was avoided by sealing possible gaps on the sides of the filter paper with adhesive
tape, and by applying a force perpendicular to the paper surface to flatten paper
and prevent formation of air pockets between the filter paper surface and
contacting surfaces.

Keywords: Biochemistry - Capillary flow - Point of care - Porous media

1 Introduction

Urinary tract infections (UTIs) are reported with high incidence for the elderly popula-
tion [1], and is the highest for institutionalized or permanently hospitalized elderly [2].
UTISs can cause sepsis, and gram-negative sepsis are associated with a high mortality
rate [3]. Many elderly in nursing homes suffer from urinary incontinence and often use
adult diapers or other absorbent products [4]. Urinary incontinence can make voluntary
collection of urine samples difficult, and catheterization as an alternative for urine
sampling carries a risk of infection [5, 6].

Belmin et al. [7] showed high correlation between urine collected with catheter and
extracted from diapers after 3 hours. However, urine residing for a long time in diapers
increases the risk of contamination, which makes the sample less representative of the
conditions in the bladder.

Paperbased fluidic devices are well suited for rapid diagnostic applications, and can
be lightweight and disposable with low-cost fabrication. Paperbased fluidic devices can
be driven by capillary flow in porous media, which does not require any external driving
force [8]. For these reasons paperbased fluidic devices go well together with adult
diapers.

© Springer International Publishing AG 2018
T. Bfezina and R. Jabtonski (eds.), Mechatronics 2017, Advances in Intelligent
Systems and Computing 644, DOI 10.1007/978-3-319-65960-2_1
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5 Future Work

In the experiments, there were too much variance and too low time resolution in the
initial stages to find a reasonably consistent estimate of a smooth knot point and the ¢
parameter from Eq. 9 for segmented nonlinear regression. This was a preliminary inves-
tigation, and further work will improve the data collection in the beginning of the capil-
lary flow.
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ABSTRACT

Constructal principle is employed to optimize the configuration of a body
that a complex shape of the cavity intruded into a solid conducting wall in this
research. The main purpose is to minimize as much as possible the peak
temperature and the distributed temperature gradient in the solid domain. The
internal heat generation is assumed to be uniformly distributed throughout the
solid wall. The cavity surface is isothermal, while the solid wall has adiabatic
conditions on the outer surface. The total volume and the volume of the cavity
are kept as constant, while the geometries of the cavity vary. This research
represents clearly the investigation of several typical shapes of cavities
including Fork shape, Phi and Psi shape, non-uniform X shape. Moreover, the
comparison of heat transfer performance among these above-listed geometries
is clearly discussed as well.

INTRODUCTION

Constructal theory has become much general in the current scientific
society over the last decade. According to the Constructal law, a live system is
one that has two universal characteristics: It flows and morphs freely toward
configurations that allow all its currents to flow more easily over the time. Life
and evolution are physics phenomenon, and they belong to physics.[1-3] The
Constructal law is not a statement of optimization, maximization, minimization,
or any other mental image of “end-design” or “destiny”. This is about the
direction of evolution in time, and the fact that the design phenomenon is not
certain: It is dynamic, ever changing. Hence, evolution never ends.

There is such a principle, and it is based on the universal observation that if
a flow system is endowed with sufficient freedom to change its configuration,
the system exhibits configurations that provide progressively better access
routes for the currents that flow. The Constructal field started from the
realization that “design” is a universal physics phenomenon. It unites the
animate with the inanimate over an extremely broad range of scales, from the
tree-shaped design of the snowflake, to animal design.[4]

The optimal structure is constructed by optimizing volume shape at every
length scale, in a hierarchical sequence that begins with the smallest building
block, and proceeds towards larger building blocks. The concepts of life,
design, and future (evolution) were placed certainly in physics as follows: “For
a finite-size system to persist in time (to live), it must evolve in such a way that
it provides easier access to the imposed (global) currents that flow through
it.”’[1]

In practical domain, miniaturization and density integration have been
recently the state-of-the-art technologies. After remarkable technological
progress, the technology of electronic cooling has been made on pushing the
frontier and continuing works have been conducted in the related areas.
Although individual solid-state electronic devices are inherently reliable, a
single microelectronic chip may contain various components and thus,
obtaining failure-free operation over the useful life of a product is a violently
challenging. In this technology, the biggest challenge is to maintain the
maximum temperatures of the heat generating body below an allowable level
[1], owing that the performance of equipment has a direct relationship with its
temperature. As a result, many opinions have been proposed to enhance the
cooling efficiency of electronic components with high heat flux generation and
compact size. Consequently, convective channels and conductive routes have
attracted more attentions. Recognition of conduction pathways also take up
space, effective conduction routes need to be designed to be well-suited for the
miniaturization evolution.[2]

Fortunately, Bejan has clarified toward the ‘volume-to-point’ flow
problems. He considered a finite-size volume in which heat is generated at
every point and which is cooled through a heat sink in the rim. The goal was to
minimize the maximum temperature by determining the optimal distribution of

high conductivity material when a limited amount of high conductivity material
is available. On the basis of constructal law of design and evolution [2-4], he
indicated the solution to this problem is a ‘tree shape’, with far reaching
implications in physics, mathematics and the natural evolution of living
systems.

Apart from this valuable achievement, other research works were also
defined relying on the basis of his studies. For instance, Lorente and Bejan [5]
proposed a non-uniformly distribution of high conductive material and
achieved a remarkable improvement in the global performance. Optimal
configurations of highly conductive materials at micro and nano-scales were
also determined. Discrete variable cross-section conducting paths of inserts
were also defined. Most recently, numerical studies have been figured out on
the optimization of conductive inserts. It introduced uniform and non-uniform
X-shaped pathways of higher thermal conductivity and illustrated that the
studied shape is superior in minimizing the maximum temperature [3].

As a result, it is given that the competition for the achievement of “ideal”
structure of highly conductive pathways still grows up. Cavities are defined as
the regions formed between adjacent fins and stand for the essential promoters
of nucleate boiling or condensation. In this sense, creative types of conductive
pathways containing “Phi-Psi” shape or advantaged fork shape are introduced.
Although these pathways are in the similar class as the “tree-shaped”
configuration discovered in the very first paper [1], it is illustrated that the bend
sections that are placed in ‘Phi’ and ‘Psi’ shaped inserts improve the tree-
shaped configurations (also X, T, H and I-shaped configurations).

Obviously, the optimal procedure of several cavities contains various levels
in order to figure out how variables vary to obtain the peak temperature and
smallest temperature gradient within the solid body. Furthermore, the
comparison of heat transfer efficiency (similar volume ratio) among these
designed shapes in conclusively summarized in this paper as well.

NOMENCLATURE

A [m?] Area

D [m] Length

H [m] Height

k [W/mK] Thermal conductivity
q [Wim®] Uniform volumetric heat generation in the cavities
R [m] Radius

T K] Local temperature

XY,z [m] Cartesian axis direction
Y [m®] Volume

w [m] Width

Greeks symbols

@ [ Volume fraction occupied by the insert

A [ Thermal conductivity ratio, ky/k

@ [rad] Angle between the inferior branch of the X and the x axis
B [rad] Angle between the superior branch of the X and the x axis
[ [1 Dimensionless temperature

3 [ Area fraction

Subscripts
b Base shaped part of the insert

h High conductivity materials (insert)

i Inner ring

| Low conductivity materials (heat generating piece)
m Minimized

max Maximum

min Minimum

(4] Optimized/outer ring

r ring shaped part of the insert

s Stem shaped part of the insert
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C.  Non-uniform X insert

In order to understand the effect of each degree of freedom on the
geometry configuration and thermal performance, the investigation of the
optimal shape is performed in two steps. In the first step, we start by simulating
the effect of the B angle. Figure 15 shows that there is an optimal f angle that
minimizes the dimensionless maximal excess of temperature for several values
of a angle when the degrees of freedom Li/Lo, Lo/Lg, D1/Dy, D2/Dg, and ¢ area
fraction are fixed.

For instance, for o = 0 rad, 0. decreases until by = 0.47 and after this
value Omax shows only a slight increase. On the opposite, for o = -0.7 rad, it is
observed a significant decrease of Omax until the minimal value and, after this
point, it is noticed a step increase of Omax. This figure also indicates that there is
a second opportunity of optimization (the second step).

a)

b)
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Figure 14ab Non-uniform X-shaped design

sotaca: lemoeranura (K] a
14"

0.8
0.6

04

A1k 4
-1 o 1
Figure 15 Optimal Non-uniform X-shaped geometry

Therefore, the minimal dimensionless maximal excess of temperatures
Omax, calculated as a function of B-angle. This figure shows that the twice
minimized Omax = 0.03956 is obtained when the optimal angle a is o = -0.7.

CONCLUSION

In this present research, we conducted a study involving several types of
tree-shaped conductive inserts. Particularly, we have been figuring out the
detailed optimization process to obtain the best geometries of above-mentioned
insert. Thus, we meet up the main purpose of minimizing the peak temperature
and the temperature gradient distributed within the square body. We discovered
that, compared with the existing configurations mentioned in literature, the heat
generating body operates at the lower level of peak temperature depending on

the volume fraction of the inserts and the thermal conductivity ratio. Also, the
Psi-shaped configuration is found superior to the Phi-shaped insert.

Typically, when the objective is at a minimization of the peak temperature,
it is shown that the maximum temperature obtained by Psi inserts can be
reduced by 50% or higher compared to the X-shaped pathways. Otherwise, the
minimum temperature achieved in Phi-shaped case is about 20% lower than
that in the X-shaped one. Furthermore, it is addressed that the maximum
temperature can be reduced by 41% by using “F1” inserts compared with the
X-shaped pathways. The superiority of fork-shaped insert over the X-shaped
one is found about 46% in the case of “F2” inserts. Additionally, the cooling
efficiency by applying T, Y and H inserts is considered approximately similar
for each other. An advanced T-Y insert is constructed to present advantages in
heat transfer domain.

However, due to the concerns associated with the cost efficiency and space
of high conductivity materials, the foregoing achievement and the advance
achieved in the future are very necessary for scientists to engage with the
empirical design of highly conductive pathways. We also mentioned that if only
one third amount of high conductivity materials used for an X-shaped insert are
used in a Psi-shaped insert, the heat generating body operate at the same level
of peak temperature. Hopefully, we expect further in-depth investigations from
advanced research groups all over the world in the near future.
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ABSTRACT

The study of heat conduction in micro systems is a topic of
interest as heat generation is a common issue in electronics. This
paper will study heat conduction, using finite element
simulations of a cross-sectional copper surface with micro
channels where the thermal conductivity of the coolant fluid is
sett00.591 W/(m-K), which corresponds to water at 293 K. The
simulated models are made using COMSOL Multiphysics 5.2a.
Heat Transfer module allows for the study of heat transfer in
devices. The bottom and side surfaces of the heat sink are
thermally isolated. The top surface is assigned a general inward
heat flux of 10 MW/m2. The channel structure is designed
following the Allometric law. For a Y-design, 45° angles are
used between one bifurcation level and the next, and 90° for the
T-design. A steady state situation is defined, and a laminar flow
at constant temperature is designated for the fluid in the
channels. Looking at this as a fully developed region with
constant surface temperature, the Nusselt number can be
considered constant. The heat transfer coefficient assigned to the
channels is obtained from calculations related to the channel
dimensions and the previously mentioned boundary conditions.
The respective Darcy friction factor, pressure drop and nominal
pumping power is calculated for each of the designs. The
resulting simulations show the diffusion dominated heat
conduction of the heated area. The Y-design is shown to be the
superior design for heat conduction.

INTRODUCTION

Heat fluxes in different materials and products are
important issues to solve, hence the construction of electronic
devices being smaller and closer packaged creates a need for
micro cooling systems. Air-cooling systems have a limit of
100W/cm?. By using cooling liquids and systems consisting of
micro channels, it should be possible to deliver a heat dissipation
rate closer to 1kW/cm?, (10OMW/m2) with a junction-to-air
temperature difference of 50°C [1].

In nature, the tree shape is often found in different
variations, such as veins in the body, river basins and roots and
branches of trees. The branching networks consists of a main
branch which bifurcates into thinner and shorter branches, and
this is repeated n times. The structure is based on the constructal
law which gives the most efficient transport of fluids and heat
due to the hydrodynamics in such a system [2]. The
constructional law first formulated by Adrian Bejan in 1996,
states: “For a flow to persistin time (to survive), it must evolve
in such a way that it provides easier and easier access to the
currents that flow through it”. According to this theory, if a flow
system has sufficient freedom to change its configuration,
pattern and geometry, then the system will progressively
improve access routes for the currents that flow within that
systemover time [7].

BExperiments are done using a tree structure with
rectangular channels comparing this to parallel channels,arguing
that this gives place to an increase of convective heat transferand
that it reduces the pressure drop [3].

Using branched network of micro channels embedded in
a heat generating volume connected to a heat sink, shows that
more complex structures increase the cooling performance, but
also that there are limitations, which resultin some designs being
more optimal [4] [5].

Further experiments comparing Y-shaped and W-shaped
structures with various number of bifurcation levels, concludes
that W-shaped structures have better heat transfer characteristics
such as lower thermal resistance and higher surface temperature
uniformity. This is mainly caused due to a more uniform
distribution of the channels [6].

This information is used as a base for considering how to
design the structures desired for this project.

NOMENCLATURE

Nup 1 Nusselt number
h [W/m*K] Heat transfer coefficient
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Figure 6 shows the temperature distribution of the block in
Kelvin. The colors indicate the thermal gradient moving from
warm at the top surface to colder towards the bottom. The areas
around the first, second and third branch are effectively cooled.
The heat from the top surface is draw towards the opening of the
“Y-shape”. The average surface temperature using this channel
designis 295.74 K.

By comparing Figure 5 and Figure 6, it is clear that the “Y-
shape” surpasses the “T-shape” in terms of cooling the block
both more efficiently and evenly. The design dimensions of the
block and channels, as well as the temperature range, is the same
for both figures. The average temperature of Figure 6 is lower
than that of Figure 5, indicating a bettercooling performance.

One of the reasons the Y-shaped design is more efficient than
the T-shaped design is the more conveniently distributed
channels over the cross-sectional area of the heat sink. The “T-
shaped channel” design is proven less effective due to a more
compact area covered by cooling channels. By opening the
ramifications at 45° angles is more effective than 90° angles. It
is also a possibility that the bifurcation angle may have some
effect on the heat transfer inside the channels, but this was not
considered in this project.

CONCLUSION

For an inward heat flux of 10 MW/m?, the “Y-shape” design
conducts the heat more efficiently. This design gives a lower
average surface temperature, which is clearly beneficial. It can
therefore be concluded to that the “Y-shape” design is the
superior design. It is also clear that the distance between the
parallel channels is an important factor to create an effective
design, where the thinner channels removes heatat a higher rate
than thicker channels, at least in the order of dimensions used in
this project.

The pressuredrop in the thinner channels are higher than that of
the thicker channels, thus a higher pumping power is required to
maintain steady flow.

The simulations presented in this paper will be followed up by
experimental research. The future work will be to test the
channelsystems in a realistic case where the flows in the channel
are taken into account. This can be done by fabricating the
designed models and building apumping circuit for the channels.
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