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Abstract

This study presents the application of statistical thermodynamics in modeling orifice discharge function. Micro-based variables
such as the velocity of fluid flow at the midpoint of the reservoir elevated to the mid-height of the orifice and the head loss due to
sudden expansion that was neglected in the classical discharge model were considered in the modeling operation. Bernoulli’s
equation was used to determine the velocity model at the exit point of the orifice. Some classical thermodynamic models were
used to compute certain parameters like: the flow pressure of fluid (water) (Py), pressure drop (Pq), exit temperature, polytropic
work (W), heat absorption/rejection (Q), and flow energy (E). The grand canonical ensemble which applies to open systems was
used to establish a relationship between the flow discharge and energy variables according to the micro-based behavior of fluid
flow through the orifice that generates the observable macro-flow behavior of a fluid. The discharge values obtained using the
experimental (Q.), classical (Q,) and statistically derived orifice discharge (Qs) models were compared and accessed
statistically using the indices of: mean bias error (MBE), mean percentage error (MPE), root mean square error (RMSE),
Nash-Sutcliffe equation (NSE), and coefficient of correlation (R). The results of the study showed that the new model that was
derived using a statistical thermodynamics approach outperformed the classical orifice model as its MBE value of 5.032E-05,
MPE of 5.62, RMSE of 5.24E-05, NSE of 0.873 and R of 0.999 were all better than that of the classical model having an MBE
value of -1.0042E-04, MPE of -11.30 (underestimation), RMSE of 5.814E-05, and R of 0.999. In addition, the values of Py, T,
W, Q, and E increased as the flow head increased. The polytropic work, W was negative, indicating that the system did some
work. The positive values of Q and E showed that the system absorbed energy from its environment during the fluid flow
operation. Furthermore, all the orifice discharge functions (Qs, Q) and Qc) had a direct linear relationship with flow energy, E
which therefore satisfied the grand canonical ensemble model for the open system’s thermodynamic micro-variable description.
Hence, the new orifice discharge model is recommended for the industry's volumetric flow rate measurement of Newtonian
fluids.
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1. Introduction

An orifice according to [1] is an opening in the wall or base
of a vessel through which a fluid passes. Essentially, an orifice
is characterized by its top edge that is always below the free
surface, otherwise a weir is developed. In the flow regime
through an orifice, the discharge model has several uncon-
sidered parameters that were assumed fixed during the model
formulation. Some of these parameters include: section ve-
locity due to head loss after sudden expansion at the vena
contracta, velocity at the vena contracta, area of the vena
contracta, fluid velocity before the vena contracta zone, etc.
This study aims at re-modeling the flow discharge function by
considering these microscopic constitutive parameters that
describe the macro-flow behaviors of incompressible fluids
through orifices using the tool of statistical mechanics and
kinetic functions. Kinetic functions, it implies the mechanical
motions of the fluid system. The flow pattern through a small
circular orifice is presented in Figure 1.

Figure 1. Pictorial representation of flow through an orifice.

Statistical thermodynamics (also referred to as statistical
mechanics) deals with the application of probability theory
(which has content tools for studying large populations) to
examine and analyze the microstates that constitute the mi-
crostates of the system under study. In other words, it provides
a molecular-level description of the macroscopic behaviors of
systems using indices such as work, heat, Gibbs free energy,
enthalpy, entropy, etc. Statistical thermodynamics is de-
scribed to be composed of two fundamental concepts- statis-
tical mechanics and kinetic theory, though the two
sub-divisions were founded based on similar axiomatic
structures [2]. Statistical mechanics is based on the concept
that the equilibrium state of a thermodynamic medium is the
macroscopic state corresponding with the most probable mi-
croscopic state, while the kinetic theory takes into account
definite molecular models and mechanical parameters.

Orifice systems are classified based on size, shape, upstream
edge, and discharge conditions; by size, we have small and

large orifices; by shape, we have circular, rectangular, square,
and triangular orifices; by upstream edge, we have sharp-edged
orifice and bell-mounted orifice; and by discharge conditions
we have, free, drowned or submerged, fully submerged and
partially submerged orifices [1]. Based on the wide areas of
application of the orifice system, lots of studies have been
carried out to understand several governing parameters of the
orifice system, and the response behavioral patterns of the
orifice system when subjected to certain conditions. The results
of the experimental and numerical investigation of the silo
orifice discharge for a cohesive granular material were pre-
sented by [3]. The study employed experimental and numerical
techniques in studying the effects of the cohesive length on the
discharge parameter of a silo orifice for two distinct configura-
tions- asymmetrical and quasi-2D rectangular silo. An adjust-
able bottom was used in both configurations to control the size
of the orifice. The study results showed a modification of the
scaling laws, which occurred when the cohesive length became
higher than the diameter of the grains. The obtained results
suggest that the cohesive length acts like an effective grain
diameter once the cohesion becomes sufficiently strong. Also,
Hotupan and Hadarcan [4] carried out a study on the experi-
mental determination of the discharge coefficient through a
circular orifice in PVC pipes. They obtained experimentally,
discharge coefficient values of the range 0.59-0.86 which is per
the results of related studies. In addition, Assran et al [5] per-
formed a study on the effect of orifice-meter shape on discharge
coefficient and head loss through it. The results obtained from
the study summarily showed that orifices with triangular ge-
ometry have higher performances with a lower head loss and a
higher coefficient of discharge when compared to the other
orifice shapes. Furthermore, orifice parameters such as orifice
diameter, plate thickness, and liquid head were correlated, and
a semi-empirical model for orifice coefficient determination
and an empirical model with high precision at the stable zone
was developed in the study [6]. It has been deduced that large
orifice diameters or water heads possess small discharge coef-
ficients and that the diameter of the orifice has a more signifi-
cant effect on the discharge coefficient than the water head
[7-9].

Therefore, the present study centered on the application of
statistical thermodynamics in remodeling the orifice dis-
charge function by considering some micro-based variables
that constitute the macro-behavior of incompressible fluids
flowing through the orifice system. The study considered a
circular orifice system, and it also compared statistically, the
discharge values obtained with the newly developed model
and the conventional/classical orifice discharge model.

2. Theoretical Background

Statistical thermodynamics deals with the application of mi-
cro-based variables which were probably neglected at the mac-


http://www.sciencepg.com/journal/ajmie

American Journal of Mechanical and Industrial Engineering

http://www.sciencepg.com/journal/ajmie

ro-state to model and understand the thermodynamic behaviors
of various engineering systems. In the conventional classical
orifice equation (expressed in equation 1) which is used to de-
termine the volumetric discharge through an orifice system,
some micro-based variables such as head loss due to sudden
expansion (H.) and the velocity at point 1 (V1) of Figure 2 were
ignored. So, there is a need to remodel the equation using
Bernoulli’s equation and have the discharge estimation
performances of both the classical and statistical-based models
compared and evaluated. Bernoulli’s equation, which is
expressed in equation 2 was deployed in the remodeling
operation as it accurately helps in analyzing and describing fluid
flow systems’ characteristics within any two points of the flow
regime. Therefore, Bernoulli’s model is best suited to the concept
of this study. Moreso, classical thermodynamics models were
employed in studying some essential variables like flow pressure,
exit temperature of the fluid at the orifice point, flow energy,
flow head, polytropic flow work, and heat absorption/rejection of
the flow system through a circular orifice. The applied classical
thermodynamics models are expressed in equations 36-40 of this
study.

3. Materials and Method

3.1. Materials

The materials used during the experimental phase of this
study were: 20mm uPVC pipe, a cylindrical tank measuring
550mm in diameter, a digital stopwatch, steel tape, a vernier
caliper (0-25mm), and a 60-liter cylindrical vessel.

3.2. Method

The methods adopted in this study were experimental and
numerical techniques. The experimental method aided in the
obtainment of actual discharge values which were then
compared with the classical and new discharge models using
some statistical evaluation metrics like: mean bias error
(MBE), mean percentage error (MPE), root mean square error
(RMSE), Nash-Sutcliffe equation (NSE) and coefficient of
correlation (R). Figure 2 shows the geometric model of the
orifice system used in the numerical modeling.

Figure 2. Geometric model of the circular orifice system.

Some micro-based variables such as head loss due to
sudden expansion and the velocity at point 1 of Figure 2 that
were neglected in the classical orifice discharge model
expressed in equation 1 [1] were all considered in the new
model proposed in this study. These micro-based variables
cumulatively  determine  the  macro-behaviors  of
incompressible fluid flow through an orifice system.

Q.= CiA2gH (1)
Where:
C, = discharge coefficient (0.75) [4],
A = area of orifice,
H = height above the orifice = pressure head,
g = acceleration due to gravity.

3.2.1. Numerical Modeling of Orifice Flow
Discharge Function

With reference to Figure 2, applying Bernoulli’s equation
to the system as expressed in Equation 2.
A

L+ H 4+ Vz—lgz+HG=% +H, +

Where:

P, = fluid pressure at point 1,

P, = fluid pressure at point 2,

H = H; = Elevation at point 1 above datum (m)

H: = elevation at point 2 (at datum point) = 0

V1 = fluid velocity (m/s) at point 1

V., = fluid velocity (m/s) at point 2

g = gravitational acceleration (m/s?)

Hg = head gain, such as from a pump (m)

H_ = combined head loss (m)

The fluid pressures, Pyand P, are atmospheric, hence
taken as 0; Hg = 0 since no pump was installed.

Substituting these values into equation 2, we have,

Vit VP

H +5- =2+ H A3)

Making V- the subject formula in equation 3, we have,
V,2 =V,? + 2g(H - Hy) “4)
The head loss visible at the orifice is at point “2”, loss due
to sudden contraction (Hc) as shown in figure 3. Therefore, H.

= Hc. Therefore, equation 4 becomes;

V,> = V% + 2g(H — He) (5)

For the case of sudden contraction at the orifice section,
figure 3 was used for the analysis of flow parameters.
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Figure 3. Fluid flow through sudden contraction region.

The loss of the head is confined between sections C-C to
sections 2-2. Section C-C is the vena contracta. In calculating
for sudden contraction, the section between C-C and 2-2 is
considered. Sections 1 and C-C are not considered because
pressure distribution cannot be accurately described. It can be
said that the losses due to contraction are not for the
contraction itself, but due to the expansion followed by the
contraction.

Let A; = Area at section 1

P1 = Pressure at section 1

V1 = Velocity at section 1

Ac, Pc, Ve and Ay, P2, and V- are corresponding values at
sections C-C and 2-2 respectively.

From the continuity equation of incompressible fluids;

AV, = AcVe (6)
ALV,
ve= 2% )

Where Ac and V¢ are the area and velocity at the
contraction point.

Head loss due to sudden expansion is expressed in equation
8 [1];

(Vl _VZ)Z (8)

H. =
e Zg

Hence, head loss (Hc) due to sudden contraction as shown
in Figure 3. becomes;

N2
Ho= Y2 ©

Substitute equation 7 into 9, we have,

<A2V2 _ Vz)z

A 1

b= LY (10)
_ (AzV2—AcVy)?

He= Qoo an

(A2V2)? —2AcA; Vo*+ (AcVa)?
2gAc?

He = (12)

Substituting the value of Hc into equation 6,

- [(szz)z ~2AcAzV2 %+ (ACVz)Z]} (13)

V.2 =V,? +2g{H e

2 2 2gAc*H —(ApV2)? +2AcA V%= (AgVy)?
Vvt =V, + 2g| = (14)
(AxVp)? + 2A,V,? _

Ac? Ac

V,2 =V,% + 2gH — v,2  (15)

(A2Vp)?  24,V5°
Ac? Ac

V,2 + + V2= V,®+2gH (16)

2 A\ 24, _ 2
v, [H(E) —A—C+1]_ V2+2gH  (17)

2 2_
V,2 [M] = V24+2gH (13)

Acz

V2 = A rog)
2 = 2 2
2Ac“+A; —2AcA;

Ac®(vi%+2gH)
v, = /—2 2 (20)
2Ac +Ay —2AcA;

The discharge at section 2-2 in Figure 2 is given as

(19)

Qs = A,V (21

Substituting the value of V; in equation 21,
The orifice equation becomes:

Ac?(V12+2gH
Q. =4, X /% (22)
2Ac%+Ay —2AcA;
Hence, Q, is the new model for the orifice discharge
function.
The Alternative Form of Q, Model

Equation 22 can also be expressed in another form. Recall
that;

AV v, 2 W2 (A, 2
HC= (Aczg ) *Z(Z—l) (23)
v,?
He = k2 24)

It has been established experimentally that K = 0.5

Hence, H, = % (25)

Substituting the value of Hc into equation 6
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VZ
V,2 =V,2 +2g (H - :—g) (26)
2
VP = Vi +2gH - 2 (27)
2
2+ Z=v?429H (28)

2

Multiplying both sides of the equation by 2
2V,2+ V2 =2V,% +4gH (29)

3V, =2V, % +4gH (30)

2
v, = [w €8]

The discharge at section 2-2 in Figure 3 is given as,
Q=A4,/;n

The orifice equation becomes:

2
A, X /w (32)

Equations 22 and 32 are the discharge through an orifice
when the velocity at section 1 of the tank in Figure 3 and loss
due to sudden contraction are both considered.

Q. = discharge through an orifice (m®/s),

A, = Area at section 2 (orifice) (m?)

V1 = velocity at section 1 (m/s)

Ac = Area of the vena contracta

V¢ = Velocity at the vena contracta

H = Elevation above the datum point.

g = gravitational acceleration.

Qs =

3.2.2. Experimental Measurement of Discharge (Q.)
Through a Circular Orifice

In the experimental phase of this study, a cylindrical

reservoir of diameter 550mm was filled with water to the brim.

An orifice of diameter 20mm and vena contracta diameter of
15mm were created on the cylindrical reservoir and were
ascertained using a 0-25mm ranged vernier caliper. At
varying pressure heads (H) above the orifice, the water flow
was simulated to pass through the orifice into another
cylindrical reservoir with a capacity of 60 liters. The time
taken for the water to flow through the orifice and vena
contracta sections into a 60-liter capacity reservoir and the
volume of water collected into the reservoir were respectively
noted with a digital stopwatch and the calibrations of the
cylinder. The water volumes of the first and second reservoirs
were determined using Equation 33. The experimental
discharge values through the orifice were then determined
using Equation 34. Figure 3 presents the schematic view of

the essential simulation points of the experiment.

V= nD?H (33)

4

volume of water collected

Qe = (34

flow time

3.2.3. Mathematical Determination of Flow
Velocities and Areas at Points/Sections 1, 2,
and C

To apply the classical and newly developed models for
orifice discharge calculations, some essential parameters at
sections 1-1, 2-2, and C-C of the system need to be
determined using their respective accurate models. These
sections are displayed in Figure 4.

B —
............. boeccccccccncnnn
c 2
\_/
>
>
>
—t
1 I
c 2

Figure 4. A schematic model for flow points parameter computation.

The areas of sections C-C and 2-2 were determined using
the conventional equation of the area of a circle with C-C and
2-2 sectional diameters being 15mm and 20mm respectively.
In addition, the velocities at sections 1-1 and C-C were re-
spectively determined at varying pressure heads using equa-
tions 35 and 36.

Radius of the cylindrical reservoir 1
V, = (35)

- Required flow time to reach the start point of the orifice

Length of the contracted orifice region

(36)

VC - Required flow time through the contracted region
3.2.4. Thermodynamic Application to the Orifice
Flow System

An insight into the thermodynamics parameters of the flow
regime at the orifice is required to enable a more detailed
comprehension of flow behaviors through the orifice system.
The flow pressures, pressure drop at the orifice region, exit
flow temperature, polytropic expansion work (W), and heat
loss (Q) variables were computed using their respective
thermodynamic models as expressed in equations 37-41. The
initial flow temperature T, was taken to be ambient (298K)
since the flow is still laminar at this initial state, and the pol-
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ytropic expansion/compression index at ambient conditions is
1.33. The heat loss during the flow operation for all the
pressure heads considered was determined by applying the
first law of thermodynamics equation to the orifice flow sys-
tem.

Flow pressure, P = wh (37)

Pressure drop = subsequent flow pressure —

initial flow pressure, P (3%)
n-1
L o_ [&] n 39)
Ty Py
W = mR(T; —Tp) — P1Vi— PRV (40)
n-1 n-1

Q=W+ AH =W+ Cp(T, = T)) (41)

Where:

P = flow pressure (Pa),

T, = exit temperature (K),

w = specific weight of water (kN/m),

n = polytropic compression/expansion index (1.33),
V, = initial flow out volume (m3),

V, = subsequent flow-out volume (m?),

W = polytropic work (kJ/kg),

Q = heat loss quantity (kJ/kg),

C, = specific heat value of water (2—":

v

133,C, of water = 4.182k]/kg k)

3.2.5. Statistical Evaluation of the Orifice Flow
Models

To access the correctness and predictive accuracies of the
classical and new orifice flow models, statistical indices such
as mean bias error (MBE), mean percentage error (MPE), root
mean square error (RMSE), Nash-Sutcliffe equation (NSE)
and coefficient of correlation (r) were employed. These in-
dices are vividly explained below.

The Mean Bias Error (MBE)

A low value of MBE attests or validates a good suitability
for response prediction at any factor level considered. A
negative value of MBE suggests an underestimation of the
predicted value.

The relation used for its computation is given by equation
42.

1
MBE = n ?:1(Sical — Simea) (42)

Where:

n = number of data points (6),

Sica1 = calculated values of orifice discharge,
Simea = Measured values of orifice discharge.
The Mean Percentage Error (MPE)

The correctness of a model is verified if its MPE value falls
between -10% and 10%. MPE value is computed using equa-
tion 43 [10].

1 Sical=Simeas
MPE(%) = > 31, (Slm—) x100  (43)
The Root Mean Square Error (RMSE)
The smaller the value of RMSE the better the model’s es-
timation strength and accuracy. Its computational formula is
given by equation 44 [11].

1
1 1
RMSE = [;Z?:l(sical - Simeas)z]2 (“44)

The Nash-Sutcliffe Equation (NSE)

The model’s efficiency and correctness are assured if and
only if NSE is very close to one. The formula used to compute
it as given by [12, 13] is given by equation 45.

n
Zi=1(5imea_Sical)Z

Z?:l(Simea_S‘mea)z

NSE =1-— (45)

Where: S,,., = the mean measured value of solar intensity

The Coefficient of Correlation (COC)

The coefficient of correlation, r measures the degree of
association or relationship between the measured values of
orifice discharge and the calculated values of orifice discharge.
Models with values of coefficient of correlation closer to one
(1) or even one are regarded as efficient models well suited for
response prediction at any factor level considered. Karl
Pearson’s method was used to assess the developed model’s
association with the measured values of orifice discharge. It
was computed using the equation given thus.

S XY

"= Taoar (46)

Where:

X = the difference between the measured values of orifice
discharge and the mean of the measured orifice discharge.

Y = the difference between the calculated orifice discharge
values and its mean value.

3.2.6. Application of Grand Canonical Ensemble to
the Orifice Flow System

The grand canonical ensemble (also referred to as micro-
canonical ensemble) is a statistical ensemble that is used to
represent the possible states of a mechanical system of parti-
cles that are in thermodynamic equilibrium (thermal and
chemical) with a reservoir. This ensemble is applied to an
open system as it allows the system to exchange energy (E)
and particle mass (m) with its surroundings while keeping the
volume (V), temperature (T), and chemical potential (u)
properties of the system constant. The orifice fluid flow sys-
tem is an open system, hence the need to associate the model
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of orifice discharge to the descriptive grand canonical poten-
tial model expressed in equation 47 [14, 15] to understand the
microstate behavioral functions that generate the observable
macrostate characteristics of the system.
PV = kgTIn(Q(E)) 47)
From model 47, PV can be taken as absolute discharge, E is
the energy possessed by the moving fluid, kg is the model
relationship constant, Q is the grand canonical potential de-
fining the variable E, while V and T are fixed variables ac-
cording to the grand canonical model. Using model 47, a
functional model relationship as shown in equation 48 was
formulated to study the performance characteristics of abso-
lute discharge (Q.ps) and fluid flow energy, E.

Qabs = kcE (48)

k. =a constant relating Q,,s and E.

4. Result and Discussions

4.1. Orifice Volumetric Discharge: Measured,
Classical and Statistical

The results of the orifice discharge values using the ex-
perimental (measured), classical model, and the new orifice
discharge model derived using the statistical mechanics
method are presented in Figure 5. Their respective numerical
values are shown in Appendix (Table Al).

0.0012000

0.0010000

0.0008000

0.0006000

scharge (m”"3/s)

1

0.0004000

0.0002000

0.0000000

Head (m)

0 0.1 0.2 0.3 04 0.5 0.6

—&— Measured Discharge plot
—&— Classical Discharge plot

Statistical Discharge plot

0.7 0.8 0.9 1

Figure 5. Graphical plot of orifice discharge against pressure heads using experimental, classical, and statistically derived models.

From Figure 5, it can be seen that the new orifice discharge
model that was developed using a statistical thermodynamics
approach by considering certain micro-based variables like
velocity at section 1-1 and head loss due to sudden expan-
sion/contraction at section 2-2 compared more favorably with
the experimentally gotten orifice discharge values than the
classical-based orifice discharge model. Also, the discharge
values for both models could be observed to increase as the
pressure head increases. Therefore, through a robust consid-
eration of these micro-based variables, an enhanced mac-
ro-based orifice discharge estimation model was developed.

4.2. Thermodynamics Results: Classical and
Statistical

In Figures 6-9, some thermodynamical variables that de-
scribe the micro-behaviors of the fluid flow system that re-

sulted in the observable macro-behaviors are displayed. The
effect of flow pressure on some thermodynamic variables
(polytropic flow work, heat absorption, and temperature at the
exit point) is illustrated in Figure 6.

From Figure 6, the heat absorption parameter and temper-
ature at the exit point could be observed to increase as the
flow pressure increases. Also, the heat values were all positive
attesting that the flow system absorbed energy from its sur-
roundings. The negative values of polytropic flow work imply
that work was performed by the orifice flow system. In addi-
tion, figure 7 presents the effect of the flow head on these
considered thermodynamic variables- heat absorption, exit
point temperature, and flow work. These thermodynamic
variables showed a direct variation with the flow head. This is
because, the higher the flow head, the greater the momentum
of the fluid which consequently results in higher fluid power
leading to heat loss/gain, temperature increase, and energetic
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work performance.

Flow Pressure (kPa)

a , Flow pressure (kPa) b sy
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e —
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‘E -350 5 10
-400
Flow pressure (kPa)
400
C
350
=
E 300
o
E 250
g
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E 150
B 1m0
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0
2 4 [ 10

Figure 6. Effect of flow pressure on some thermodynamic variables (a) flow work (b) heat absorption and (c) exit point temperature.

500
400
300
200
100
0
-100
-200
-300

Thermodynamics variables

-400
-500

0.2

0.6 0.8

Flow head (m)

—=&— Heat absorption
—@— Exit point temperture

—&— Flow work

Figure 7. Effect of flow head on some thermodynamic variables (flow work (J/kg), heat absorption (kJ/kg), and exit point temperature (K)).

Furthermore, figure 8 delineates the relationship between
the energy variable and flow pressure. The relationship be-
tween these variables could be observed to be linear, that is as

the flow pressure increases, the energy of the flowing fluid
increases as well. In addition, all the orifice discharge func-
tions (Qs, @, and Q,) had a direct linear relationship with
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flow energy, E as depicted in Figure 9 which therefore
satisfied the grand canonical ensemble model displayed in
equation 46. Moreso, equation 47 holds for the orifice

discharge function as attested by the obtained values of Q and
E. See Appendix (table A2) for the computed values of these
thermodynamics variables.

18
16
14
12

Energy variable (J/s)

o N B O

0 1 2 3 4

Flow pressure (kPa)

5 6 7 8 9

Figure 8. lllustration of the effect of flow pressure on the system’s energy.

18

16

14

Flow Energy (.J/s)

0 0.0002 0.0004

0.0006

Volumetric discharge (cubic metre/s)

0.0008 0.001 0.0012

Figure 9. Graph illustrating a linear relationship between volumetric discharge and flow energy.

4.3. Statistical Evaluation of the Models- Q, Q. and Q,

Table 1 displays the results of the statistical indices used to access the estimation performances of the classical and statisti-

cal-based orifice discharge models.

Table 1. Statistical Model Evaluation.

Models MBE MPE (%)
Classical Model (Q.,) -1.0042E-04 -11.30
Statistical Model (Qg) 5.032E-05 5.62

RMSE NSE R
5.814E-5 0.5114 0.999
5.24E-05 0.873 0.999
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From Table 1, the newly developed orifice discharge model
outperformed the classical discharge model in terms of esti-
mation performance of the volumetric flow rate through the
orifice. The classical model gave a negative MBE value which
suggests underestimation model property, its MPE value is off
the range of -10 to 10, it has a higher RMSE value, its NSE
value is not close to one, and its correlation value is very good.
The statistical thermodynamics-derived model (Q ) com-
pletely satisfied the evaluation criteria of these statistical
indices and also outperformed the classical orifice discharge
model.

5. Conclusion

The application of statistical thermodynamics in the
derivation of the orifice discharge function through a vivid
consideration of some micro-based variables such as the
velocity of fluid flow at the midpoint of the reservoir ele-
vated to the mid-height of the orifice and the head loss due
to sudden expansion well described the macro-behavior of
the fluid flow system and also outperformed the classical
orifice discharge model. In addition, the values of P, T,, W,
Q, and E increased as the flow head increased. The poly-
tropic work, W was negative, indicating that the system did
some work. The positive values of Q and E indicated that
the system absorbed energy from its environment during
the fluid flow operation. Furthermore, all the orifice dis-
charge functions (Qs, Q. and Q,) had a direct linear
relationship with flow energy, E which therefore satisfied
the grand canonical ensemble model.
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Appendix
Table A1. Numerical values of discharge using experimental, classical, and statistical techniques.
. Discharge (Measured) Discharge (Classical) Discharge (Statistical)
S/N Head 1 e T
0 ead (m) Volume (m~) ime (s) o) ms) @)

1 0.3 0.02800 42.8 0.0006542 0.0005849 0.0006224
2 0.4 0.02659 34.7 0.0007663 0.0006754 0.0007187
3 0.5 0.02449 29 0.0008445 0.0007551 0.0008035
4 0.6 0.02454 26.5 0.0009260 0.0008272 0.0008802
5 0.7 0.02469 24.5 0.0010078 0.0008935 0.0009507
6 0.8 0.02650 242 0.0010950 0.0009552 0.0010164
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Table A2. Thermodynamical variables of the orifice fluid flow system.

S/N Hm) T() V@md) P; (Pa) P, (Pa)

1 0.3 42.8 0.028 2943 -

2 0.4 34.7 0.02659 3924 981

3 0.5 29 0.02449 4905 1962

4 0.6 26.5 0.02454 5886 2943

5 0.7 24.5 0.02469 6867 3924

6 0.8 24.2 0.0265 7848 4905
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