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A NEW APPROACH TO DETERMINE THE DIABETIC
LEVEL IN PATIENTS

Pardeep BISHNOI, M.K. SINHA?

Traditionally the experiments to measure the constituents of urine and their
diabetic level are performed by qualified laboratory chemists mainly based on
traditional clinical methodologies. In this article, we introduce a novel mechanism
to determine the diabetic level by analyzing the urine drop of a diabetic patient
using a drop dynamics process. In this mechanism, a urine sample of the diabetic
patient is used and a drop test is created from a capillary nozzle with the help of
FLUENT tool. Through this mechanism, we initially analyses and set the lowest
limit of thread length for normal person’s urine. With respect to this limit, we
perform a comparative analysis and determine the variation of thread length in the
diabetic patient’s urine sample. A variation of thread length is plotted for different
urine sample with detachment time of the drop.

Keywords: Diabetic Mellitus, Drop formation, Computational Fluid Dynamics
(CFD), Urine

1. Introduction

Urine is the liquid which is generated as a byproduct of metabolic
processes in the kidneys. This liquid is secreted by the kidneys via filtration and
excreted through the urethra during urination. Constituent of the urine includes
water, urea, sodium, chloride, potassium, creatinine along with certain ions,
organic, and inorganic compounds.

Abnormality in Urine
Due to various medical reasons, sometimes body excretes abnormal components
in urine.
Following are some of the common urine abnormities:
e Proteinuria — Protein content in urine, often due to leaky or damaged

glomeruli. [1]
e Oliguria— an abnormally small amount of urine, often due to shock or
kidney damage.

e Polyuria— an abnormally large amount of urine, often caused by diabetes.
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e Dysuria— Painful or uncomfortable urination, often from urinary tract
infections.

e Hematuria— Red blood cells in urine, from infection or injury. [2], [3], [4]

e Glycosuria— Glucose in urine, due to excess plasma glucose in diabetes,
beyond the amount able to be reabsorbed in the proximal convoluted

tubule [5] [6].

During ancient time, lots of medical practitioners around the world used to
analyze and examine physical characteristics of urine to diagnose medical
conditions in patients. An ancient Athenian philosopher Hermogenes [7] marked
about the color and other characteristics of the urine as indicators of certain
diseases. Abdul Malik Ibn Habib of Andalusia [8] described a number of reports
of urine examination in his book ‘The Book of Arabian Medicine’.

When the sugar level in the blood reaches a high level it leads towards
diabetes. The main reason behind this is the inability of the pancreas to produces
enough insulin hormones. These hormones basically absorb the blood sugar and
transform it into energy [9].

Diabetes is mainly classified into two groups:

Type 1 diabetes: In this type of diabetes, the insulin-producing cells in the
pancreas are destroyed by the body’s immune system [21] [22]. This type is
known as juvenile diabetes and generally identified in childhood and this
condition develops quickly. A basic symptom of Type-1 diabetes includes rapid
weight loss, excessive thirst, urination, and fatigue.

Type 2 diabetes: This type of diabetes occurs mainly due to a condition
known as insulin resistance. Insulin resistance is the inability of cells to respond
adequately to normal levels of insulin, occurs primarily within the muscles, liver,
and fat tissue [20]. Due to this abnormality, liver inappropriately releases glucose
into the blood. This results in increasing the blood sugar level beyond normal
ranges and causes a diabetic condition in the human body.

Due to plentiful and sweet smells, urine named as Diabetes Mellitus. It is a
common practice to perform clinical urine test by examining the gross colour,
turbidity, and odour of the urine. Urinalysis is a detailed examination of urine
where the urine is chemically analysed to determine the amount of its various
constituents. Table 1 shows the result of a typical normal urine dipstick test.

Table 1
Sample Results From Urine Dipstick Tests [10]
URINE DIPSTICK TEST RESULT

Glucose in urine mg/dI mmol/I
Normal 100 - 180 5.55
Glucose 1+ 250 11.1
Glucose 2+ 500 27.75
Glucose 3+ 1000 55.5
Glucose 4+ 2000 111
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Due to the absence of striking signs or symptoms, urinalysis is used to
diagnose some diseases and bodily conditions [12]. Some example of such
diseases includes diabetic mellitus and different types of glomerulonephritis etc.
During urinalysis, a careful observation is required for qualitative analysis. In this
analysis, change in colour of the dipstick is compared with a standard colour chart
for investigating the disease. Yet, a careless nurse or the laboratory chemist may
take misreading or misapprehend the results.

In recent years, various physical properties of human body fluids such as
the viscosity of urine, the specific gravity of urine, surface tension for diagnostic
purposes captivate scientists like Mills et al [11] and Syed Ismail Ahmad [17].

Ersin Akarsu et al. [13] investigated a case of a 46-year-old woman facing
type 2 diabetes as she complained regarding polyuria disease with a daily output
of 5 litres. This case study revealed the importance of precise computing of the
urine specific gravity. Diabetic insipidus must be diagnosed if a patient suffering
from low normal urine specific gravity value.

Some cases show the disagreement between the specific gravity of urine
and osmolality. These cases include mannitol, uremia, uncontrolled diabetes
mellitus etc. In these cases the concentration of urine does not change but there is
an increase in specific gravity [14, 15, 16].

Syed Ismail Ahmad [17] investigated the variation in biophysical
properties of human urine at various biological conditions. In this study, random
samples at different times of the day are collected and examined for various
biophysical properties. The values of specific gravity, viscosity and electrical
conductivity in the first-morning sample are high when compared to the randomly
collected samples. The values of biophysical properties are also calculated for
various concentrations of aloumin, bilirubin, urea and glucose.

X Zhang [23] investigates the effect of geometric parameters, physical
properties and surface active materials on the dynamics of drop formation for low
flow rate and also discovered that viscosity is the foremost stabilizing force for
the drop formation. X Zhang et al. [24] proposed that surface tension forces the
drop to be spherical in shape. Surface tension is directly proportional to the
detachment length of the pendent drop which was similar to the experimental
study of X. Zhang [25] who revealed the variation of breakoff time as a function
of surface tension. Fawehinmi O B et al. [26] studies the effect of flow rate and
viscosity on the drop dynamic process through experiments and CFD packages
i.e. CFX and FLOW 3-D. Pardeep et al. [27] investigates the effects of variation
in operating parameters as well as design parameters on the satellite drop
formation. Increases in both flow rate and diameter of nozzle inlet size leads
towards more satellite droplet formation. Also, the impact of velocity variation on
smaller sized nozzle is less as compared to that of large sized nozzle.
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To the best of our knowledge, it has been found from the literature review
that no work exists on the use of drop dynamic process in determining the
diabetes of the patient.

The authors have presented a new approach to diagnose the diabetic level
of the patient through drop dynamic process which is the novelty of the work and
have a scientific significance as it gives vital information regarding the disease.

2. Methodology

Study of Urine is basically done by biochemists, biomedical engineers; it
does not fascinate the physicist. Nowadays, Physicists are applying certain
concepts and techniques of Physics to find the solution of some biological
problems.

Until now, diabetic condition in the patients is tested and diagnosed
through various chemical methods. In this paper, we reveal the physical ways to
determine the diabetic condition in patients. Effect of glucose in the body is
determined by studying the thread length of the urine’s drop. The increase in
glucose level will increases the viscosity of the urine which will increase the
thread length of the drop profile.

Samples of pathological urine are collected from Hyderabad Diagnostic
Centre and Hyderabad Kidney and Laparoscopic Centre [17]. Disposable plastic
bottles of 150 ml volume are used for the collection of all samples. These urine
samples are kept in the water bath at room temperature. Data in Table 1 is
prepared by spiking glucose into the urine. 10 g/dl solution is prepared by adding
5 g of glucose into 50 ml of urine, named as solution S1, 5 g/dl solution is
developed by mixing 25 ml of S1 and 25 ml of urine, tagged it as S2. In a similar
way, 2.5 g/dl solution is obtained by mixing 25 ml of S2 and 25 ml of urine and
labeled it as S3.

Table 2 shows the data of various measured biophysical properties of
urine. For a better understanding of the urine drop profile, the computational fluid
dynamics based simulation is performed on commercial software ANSYS Fluent
14.0.

Table 2
Physical Properties of Normal Urine treated with Glucose
Concentration (g/dl) Specific Gravity Viscosity(poise) Surface
Tension(dyne/cm)
2.5 1.0252 0.0110 62
5 1.0347 0.0115 60.01
10 1.0497 0.0125 56.61

Table 3 shows various measurements of physical properties of diabetic mellitus urine

with respect to the concentration of glucose in the blood sample.
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Table 3
Physical Properties of Diabetic Mellitus Urine
Glucose Concentration Physical Properties of Diabetic Mellitus Urine
in Blood
Specific Gravity Viscosity(poise) Surface Tension (dyne
/cm)
182 mg/dI 1.0210 0.0110 58.10
205 mg/dl 1.0215 0.0114 56.98
220 mg/dl 1.0218 0.0116 56.81
245 mg/dl 1.0234 0.0117 56.98
342 mg/dl 1.0263 0.0118 55.98
345 mg/dl 1.0265 0.0118 55.61

3. Computational domain with boundary conditions

Computational domain represents a basic form of the physical domain
showing both the geometrical representation and imposed boundary conditions.
The computational domain as shown in figure 1 consists of two regions. The
green coloured zone consists of human urine sample whereas the grey coloured
zone consists of air. The surface of the capillary tube is considered as wettable
zone whereas the surface surrounding the capillary orifice is considered as non-
wettable zone. To investigate the dynamics process of drop development, we use
‘volume of fluid” method in computational process.

At the initial time, t = 0 sec, urine fills the capillary tube zone whereas air
captured the remaining zone. Initially, both fluids are considered at rest. To
initiate the ejection process, a user defined function (UDF) is attached with the
initial boundary conditions. The liquid moves as a fully developed profile in the
capillary tube, gravity forces also acts towards z- direction as shown in Fig. 1.

Fig. 1 Computational Domain with Boundary Condition for Simulation

4, Mathematical modeling

In free surface flow analysis, the dynamics of drop formation depends
upon a lot of factors which includes flow rate, viscosity, and density of the liquid.
A factor of surface tension between the liquid and the air is also analysed.
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Following are the assumptions on which the governing equations are
developed.
e The fluid flows are laminar and Newtonian.
e The model is axisymmetric.
e The surrounding air can be considered as incompressible.
e The liquid properties are known and constant.
e The evaporation of the liquid is neglected.
e At the inlet of the capillary tube, fluid flow is assumed to be fully
developed flow.
e The thickness of the nozzle is neglected [18].
After applying the assumptions, Navier — Stokes equation in non-
dimensional form for the liquid’s transient motion is given as:

V.r=20, (1)
RE‘(% + . F'E?) = V.1+ (é)_} @)
= —pl +[Fv +(Fv)7] (3)

The variable in equation (1) i.e. ¥ is the gradient operator; v is the
resultant velocity vector. Similarly, in equation (2), T is the stress tensor; j is the
unit vector in the z-direction. In equation (3), p represents the dimensionless
pressure and | is the identity tensor.

Also during the non-dimensionalization process, three dimensionless
numbers are introduced in the equation (2),

Reynolds number, Re = pUD/p,

Gravitational Bond number, G = pgR2/c,

Capillary number, Ca = pU/c

The flow is considered as fully deve!oped, so its velocity profile become,
n=2li- (O} osr=z @

Where r is the radial coordinate of drop phase and vz is the flow velocity
in z direction.

The maximum velocity of liquid phase flow for the fully developed flow is given
as

v=22 ®)

nR2
Tracking of the interface between the two phases (i.e. pth and gth phase) is
done by solving the mass conservation equations. The mass conservation equation
is given as following for gth fluid:

1.2 = . .
P [a'[‘xqpq} +7. (240, V) = Sag + Lp=1(pg —Migp)] (6)
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Where, t, the mass transfer from phase p to phase q is,ih_, is the mass
transfer from phase q to phase p. Generally, the source term, S, ON the right hand

side is zero [19]. Only the volume fraction for the secondary phase fluid is solved.
And the volume fraction of the primary phase fluid can be calculated by the
following equation:
E::i = 1 (7)
The boundary conditions for the solution of Equations (1) and (2) which
are also shown in Figure 1 stated as:
e Inlet of the domain is velocity inlet.
e Axis is considered as an axisymmetric axis.
e Free slip velocity condition near the wall because the fluid near the
wall is air.
e Outlet of the computational domain is atmospheric pressure outlet.

Fig. 2 Finite element meshes used to tessellate the computational domain

5. Grid generation

For the computational analysis, the generation of grids in the
computational domain is a necessary step. A computational domain is sliced into a
number of cells. The sample meshed geometry is shown in Fig. 2. As the drop
profile moves near the axis so the cell density in this zone is higher as compared
to the other. Quadrilateral meshing is done throughout the computational domain.
For the simulation work, domain is sliced into 125000 cells.

6. Numerical solution procedure

Meshing plays an important role in the numerical solutions obtained
through the computational methods. The accuracy of results is directly
proportional to the number of cells in the computation. Having a large number of
cells in the computation will produce much accurate results. Geometric models
meshed with a sufficiently small size such that the accuracy of the results obtained



78 Pardeep Bishnnoi, M.K. Sinha

would be within the desired limit. The bounding surfaces of the system have been
defined by names, and the top surface has been defined as open to atmosphere. An
unsteady pressure-based solver, using laminar flow model has been adopted with
gravity acting towards z directions. A user-defined function (UDF) source code
for the fully developed flow was invoked and interpreted using the interpreter and
was hooked to boundary conditions. The zones representing the two phases were
marked and the material properties were assigned by patching. The nature of the
movement of the drop was studied. FLUENT version 14.0 uses a grid solver
which solves the Navier-Stokes equations in an iterative manner by applying the
above-mentioned boundary conditions. Pressure Implicit with Splitting of
Operators (PISO) algorithm along with PREssure STaggering Option (PRESTO)
Scheme is used for the discretization process. Under relaxation factor for pressure
is 0.3 and that for momentum is 0.7, were used for the convergence of all
variables. In general, regular quadrilateral cells were used for the entire
computational domain.

7. Validation of proposed CFD program

On the basis of above numerical solution procedure, computational
analysis work is done and the comparison of different structures of drop formation
attained from the experimental method [18] and the Volume of Fluid (VOF)
numerical method is shown in Fig. 3. The actual detachment time for the 85%
glycerin drop in the air is 5.07 s (from initial) and 2.29 s (after previous drop’s
detachment), which is within 3% error as compared with the literature [18]. Fig. 3
also verifies that the VOF method also provides the precise information regarding
the motion of drop during the detachment process.

Coloured Portion — Present Work, ‘White Portion — Experimental work [18]
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Fig. 3 Comparison of detachments profile of pendent drop at various time sequences for
experimental and computational methods
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Fig. 4 shows the thread length’s dependency on the percentage of
glycerine composition. The limit of glycerine composition is varying from 0 - 100
%. It also validates the computational domain outcomes with the experimental
one. Thread length is increasing exponentially with the increasing percentage
content of the glycerine.

Viscosity of the liquid is an important parameter to curb the interfacial
undulations of the breakoff drop. It smoothens the detachment profile of the drop
at every stage before breakoff. When we compare the spring balance system with
the drop dynamic system, then the viscosity of the liquid used in the drop process
plays the similar character as damping force plays in the spring balance system.
Increase in viscosity of the liquid will eliminate the oscillation that occurs during
drop formation process and also increase the breakoff period of the process.

277
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Fig. 4 Variation of thread length as a function of different glycerin compositions

8. Results and discussion

As the computational domain is validates with the experiment results. In
this paper, diabetes in patient is determined by the laws of physics applied to a
urine sample instead of chemical analysis of urine samples. Patients having
diabetic condition has more sugar content in his or her body. The diabetic level of
a patient can be determined after analyzing thread length of their urine samples.
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Fig. 5(a, b) Variation of Physical properties of urine [17]
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Fig. 5 (a, b) shows the variation of physical properties of urine. The
density of urine increases linearly whereas surface tension decreases as glucose
concentration in blood increases. Also, viscosity of urine increases exponentialy
as the glucose concentration in blood increases.

Tracking of detachment profile

il
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Fig. 6 Variation of detachment profile of Drop formation for glucose mixed urine sample
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Detachment profile of glucosed mixed urine samples are shown in Fig. 6.
Values of physical properties used in this detachment process are given in Table
2. As the concentration of glucose mixed urine increases, intermolecular attractive
force also rises, that increases the breakoff thread length of the droplet during
drop formation process.

(a) (b) ©
(@
(e)

(O]

(a) 182 mg/dl, (b) 205 mg/dl, (c) 220 mg/dl, (d) 245 mg/dl, (e) 342 mg//dl, () 345 mg/dl

Fig. 7 Variation of detachment profile of Drop formation for various diabetic mellitus urine sample

Drop’s detachments profile for various diabetic mellitus urine sample is
shown in Fig. 7. As the quantity of diabetes increases in urine sample, it will also
the thread length of the urine drop fallen through the capillary tube.

9. Variation of thread length for various samples collected

Fig. 8 shows the variation of thread length with respect to various samples
of diabetes mellitus urine. With lower stimulation time, the thread length for
various urine samples doesn’t differ much but with higher the simulation time
values, a significant variation in length is observed.

Urine samples’ having a higher value of viscosity has higher thread length.
It is clearly observed that the viscosity plays a greater role across the squeezing to
dripping regime. At high viscosity, more shear stress acts between continuous
fluid and dispersed fluid. This increases the length of detachment drop profile.
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Fig. 8 Variation of Thread lengths for various Diabetic Mellitus Urine Samples
Variation in thread length when glucose is mixed with urine

Fig. 9 shows the variation of thread length and detachment time for
various concentration of urine mixed with glucose. Length of thread depends
mainly on viscosity of the material. Material having more viscosity has more
thread length when compared to the lower viscous material.

At initial time, thread length for each case is same because here no such
forces acts on the pendent liquid drop but as the detachment time increases, more
portion of the liquid comes outside the capillary tube into continuous zone, now
the effects of different physical properties starts acting on the hanging drops. Just
before the drop formation i.e. 1 ms (millisecond) prior to detachment, thread
length of 10 g/dl urine sample is more than other samples. This is because the
viscosity of 10 g/ dl urine is more as compared to the other samples.
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Fig. 9 Variation of Thread length for glucose mixed urine sample
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10. Conclusions

The current work signifies the application of drop formation technique to
determine the diabetes level of humans. This paper shows the variation in thread
length at different diabetic urine levels. In this investigation, a computational
domain is developed and validated with the literature. For locating the free surface
of the drop during the breakoff process, we consider ‘Volume of fluid’ method.

Increase in the diabetic level in body, increases the viscous nature of the
urine. For the entire analysis, thread length is the major factor to compare the
diabetic level between normal person and diabetic person’s urine. In the drop
dynamics process, thread length of more viscous urine is obtained by comparing it
with the thread length obtained from the drop dynamics process of the normal
urine. Through this mechanism, diabetic level of the patient can easily be
determined with accuracy. This investigation also proves the excellently role of
CFD software in biomedical science.
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