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ABSTRACT - The distribution of wall static and stagnation (CP and CPo) pressure coefficient on
a flat rectangular element by impinging air jet from the hexagonal orifice is obtained from
experimentation. The past research studies helped to identify key parameters such as orifice
geometry, jet exit-to-plate-distance (Z/d)), test section inclination (6), jet Reynold number (Re),
lateral distance-to-jet diameter (X/d)), test surface type and geometry, for better and acceptable

results. The experimental outcome helps to know the effect of identified key parameters on wall ﬁtnvv\:)?nzzsnent;
static and stagnation pressure on a rectangular test plate in a confined flow path. The independent Hexagonal orifice;
nature of wall static pressure is observed for all jet Reynold number (10000 < Re < 50000). Higher Wall static pressure;
pressure coefficient values were observed at lower Z/dj = 1, X/dj= 0 and 6 = 0. A significant drop Rectangular test element;
in CP values are seen with the increase in Z/d, X/d; and 6. The experimental CP and CPo Confined flow
contribution of confined flow are compared against the unconfined flow, around 48% to 58%
enhancement is observed when confinement is used. Experimental pressure drop measurements
across orifice were made and pressure loss coefficient (Pc) for hexagonal orifice of confined and
unconfined condition are reported.
NOMENCLATURE

de equivalent diameter of orifice mm

d; hydraulic diameter of orifice mm

Ma mass flow rate of air kg/s

VA distance between test surface plane and orifice exit plane mm

X lateral distance of jet mm

Vi jet velocity at orifice exit m/s

Pa density of atmospheric air kg/m?

Di density of air at orifice exit kg/m?

U absolute viscosity of air kg/ms

0 inclination angle °

v voltmeter reading mv

P, atmospheric pressure N/m?

T; jet temperature at exit °C

Cu co-efficient of discharge

cpP static pressure coefficient

CPo stagnation pressure coefficient

Pc pressure loss coefficient

Re jet Reynold number

Z/d; dimensional less distance between orifice exit and rectangular test surface

X/d; dimensional less axial position of orifice

INTRODUCTION

Impinging jet is the most effective and active approach in thermal management (heating or cooling). As a result, it
has many industrial applications such as, in the continuous casting of iron rods, annealing, food processing, and cooling
of heated rotary cylindrical kilns of in the cement industries [1-4]. In jet impingement method the working fluid flows in
the desired channel which accelerates the jet to high velocity when it is coming out from nozzles or orifice of a particular
design. Due to its better and acceptable results, jet impingent method extended its area into various thermal applications.
The effectiveness of impinging jet is influenced by the dimensional and non-dimensional parameters which are outlined
in many best articles from researchers. In this approach, numerous experimental and numerical studies are carried out to
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understand the behaviour of jet on different test surfaces configurations and come up with valuable and an acceptable
results in the fluid of thermal science which help in the design and modifications of impinging jet applications [5-8].

The early studies considered a conventional circular jet but in the recent studies focused on the analysis of non-circular
jet in both open and confined flow. The observation on jet impingement strategies with non-circular jets has grown in
top-notch fee, and early research involves open flow impingement condition. The results from these studies are considered
as the base for many research studies till now [9-10]. In 2011, Kanamori et al. [11] studied flow and heat transfer
behaviour along with flow visualisation using hydrogen bulbs, Cu-Co thermocouples and CCD camera by impinging an
air jet on a flat plate with polygon orifice having 3 to 6 sides. The results show at lower Z/d; the impinging pattern on the
test section takes the same profile as of orifice shape and higher Z/d; these profile changes to circular shapes. Later in
2015 experimental and numerical study by Singh et al. [12] to identify the Z/d; (4 to16) effect on Nusselt number (Nu)
and CP distribution by impinging jet from a different nozzle on convexly curved cylinder for jet Re = 10000 to 25000
and correlations are obtained for stagnation Nu. In 2016 Trinh et al. [13] used FLIR titanium IR camera and RMS
Numerical module and they observed the development of shear layer between jet and orifice configurations, a parabolic
and non-parabolic profile for velocity are seen due to vena contraction effect. In 2016 Reodikar et al. [14] carried
experiment using IR technique and compared results of heat transfer for circular and non-circular orifices, and they
observed better Mach number for non-circular orifice under the same flow condition. In 2016 Meena et al. [15] carried
heat transfer study using IR camera technique and observed maximum Nusselt number distribution (Nu) for Z/d; =4 on
impinging square, triangular, elliptical and circular jet on a flat surface, axis switch takes at 45°, 180° and 90° respectively.
In the above-discussed studies, most of the research results give the effect of jet to test plate section distance for
unconfined flow.

In 2017 Guo et al. [16] used digital particle image velocimetry method to analyse jet vertex phenomena for confined
flow. In 2017 Attalla [17] used a square jet to study the uniformity of heat transfer on a flat surface and the results show
10.7% better uniformity in heat transfer when compared to the circular jet. In 2017 Muvvala et al. [18] carried
experimental study to understand the fluid flow and heat distribution on a flat plate by impinging jet from a square nozzle
(perforated nozzles). In 2018 the elliptical jet behaviour and vertical structures on a convex surface were identified by
Long and New [19], and the results of convex surface are compared with the results of a flat surface. Abraham and Vedula
[20] identified the effectiveness distribution on a convex element using a row of a single jet for different inclination, and
the results show a decrease in the effectiveness with an increase in the inclination of the jet. In 2018 the use temperature-
sensitive paint and particle image velocimetry method gave good results with a lobed nozzle compared with a circular
nozzle by He and Liu [21]. In 2019 an experimental study carried by Singh and Prasad [22] shows 8-24% better result in
the thermal performance factor for 45° chamfered exit and also the outlined correlations for average Nusselt number.
Hanchinal and Katti [23] used four different orifice geometries to analyse the distribution of CP and CPo on test surface.
The study shows better results for circular jet when compared to square, rectangular and triangular jet. In 2020 Patil et al.
[24] studied the effect confined spent air on wall pressure distribution; the study shows better results for one side exit of
air. Hanchinal and Katti [25] carried an experimental study on a convex surface using a coaxial jet for the confined and
unconfined conditions. The results show a higher value of wall static pressure for the confined condition.

From the literature, it can be figured that most of the works are related to heat transfer distribution, and few studies
are associated with the in-depth study on pressure distribution for the confined condition. Thus, in the present work, the
attention is given to investigate experimentally the distribution of wall static pressure, CP and CPo, by impinging a non-
circular air-jet on a rectangular element for both confined and unconfined flow to understand the effect of non-circular
orifice and confinement on wall static pressure.

EXPERIMENTATION AND METHODOLOGY

The schematic representation for the present experimental work is shown in Figure 1. The air blower of 11500 rpm
with a discharge capacity 2.9 m*/min and pressure head of 600 mm of water at atmospheric condition is used as a primary
source of air for impingement of jet through a proposed orifice configuration. Based on the literature study, a 275 mm X
50 mm x 10 mm flat smooth rectangular transparent acrylic element is considered as a test surface. A calibrated valve
controller used to adjust free air coming from the blower is made to impinge on the test element through an orifice for
confined and unconfined flow. The dimensionless Reynold number (Re) of the jet is obtained from venturi meter whose
coefficient of discharge, Cq is = 0.92. The air at specified jet Reynold number is allowed to impinge on the test surface.
From the literature study, it is noticed to most of the early studies considered conventional circular, square, triangular,
rectangular, lobed shaped exit for jet (nozzles or orifice). The hexagonal orifice geometry has not been widely studied so
far; thus a specific hexagonal orifice is prepared and used in the present study. Figure 2 shows the hexagon orifice and
the design configuration for the hexagonal orifice as given in Table 1. The effective impingement of jet is observed when
the jet flow is fully developed. For completely developed flow at jet exit length of a pipe taken 100 times the hydraulic
diameter of a jet (d;) and nozzle length-to-diameter ratio of 83 is taken [3] but in the present study the jet exit is from
orifice type hence the length to diameter ratio is not considered.
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1. Manometer to measure CP and CPo, 2. Pitot tube, 3. Test element, 4. Confinement, 5. Orifice, 6. Tube,
7. Venturi meter, 8. Manometer to measure Re, 9. Pressure indicator,10. Control valve, 11. Pressure regulator,
12. Air blower, 13. Flexible pipe.

Figure 1. Schematic representation of experimental setup.

9
0

Figure 2. Design configuration of the non-circular orifice (all dimensions are in mm).

Table 1. Detail specification of the orifice.

Type of orifice  Side (mm)  Area (mm?) Equivalent diameter, d. (mm) Hydraulic diameter, d; (mm)

<:> 9 210.44 18.47 15.6

A calibrated two-axis adjustable table with the least count of 0.05 mm is used to maintain test surface positions at
various Z/d; (1 to 5) and X/d; (0 to 5). The CP and CPo on a rectangular test element is identified using a pressure tap
(Probe of 0.5mm diameter) attached to the test plate without disturbing the surface and flow field of the jet. The jet
temperature is identified by using a k-type thermocouple, and the calibration of the thermocouple is done with the help
of RTD where the relation is obtained as 7;=22.168 x v + 2.902. A free movement is given to the rectangular test plate
using sliders at both ends of the test surface so that CP can be measured at various test plate inclinations (0° to 40°). A
5 mm thick acrylic sheet is used to create a half-cut duct of size 70 mm x 80 mm x 250 mm. This duct is used to create a
confinement effect on a test surface; this confinement duct guides impinged air to flow out in a well-defined path after
impinging on a rectangular test surface as shown in Figure 3. The air is allowed to impinge on the plate through an orifice
(hexagon) at a particular Reynold number. Once the study state reached, the wall static pressures were measured at a
various flow and geometric parameters mentioned in Table 2. The wall pressure values are noted at various configurations
using a long U-tube manometer, and the pressure values are in terms of mm of water deflection. The obtained values from
manometers are substituted in a simplified static pressure equation to get particular wall pressures. All the experimental
data are tabulated, and different x-y plots are drawn to obtain experimental CP and CPo values for further analysis. The
same experimental procedure is adopted to identify the experimental CP and CPo values for unconfined condition.

Table 2. Parameters considered in the study.

Test element Re () (Z/d) (X/d) Flow type
Flat 10000 to o o
Rectangular 50000 0° to 40 lto5 0to5 Confined & unconfined

Data Reduction

During experimentation, the pressure values were obtained with the help of a sensitive manometer. The following are
some of the important equations considered in the calculation of CP values at various conditions, and these equations are
formed with reference from the literature [24-26].

The jet Reynolds number is a very important parameter that describes whether the jet is laminar or turbulent, in the
present experimental study, the jet Reynold number is calculated using Eq. (1).

4Xmgy

Re =————
¢ TXd, Xu

(1
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Figure 3. Schematic representation flow of jet (all dimensions are in mm).

The jet temperature is calculated using k-type thermocouple; Eq. (2) is the thermocouple relation which helps to
identify the exact jet temperature. The jet temperature measured is used to identify the density jet (air) using Eq. (3).

T, = 22.168 X v + 2.902 )
Py
Pi = 0287 x (T, + 273) 3)

The wall pressure is greatly influenced by jet velocity; thus, the jet velocity is identified using Eq. (4).

_ 4xmg

Once the jet velocity, density is identified the wall static pressures are calculated for all flow and geometric properties
using Eq. (5). AP is a pressure difference between the impinging surface and atmosphere.

CcpP i
1/2 X Pg X 17]‘2 (5)

The instrument calibrations are made for standard, and acceptable results and respective uncertainty in the primary
quantities are calculated, for calculation the ISO guide is referred [28] along with Moffat [29] and Kline and McClintock
[30] methods, which are adapted to identify the uncertainty of derived quantities. Based on the maximum measuring
value, the uncertainties are identified. The uncertainty of the pressure tap probe is 0.6 % FS. For orifice/venturi metre
the uncertainty of Cyis £3 %. For jet temperature, the uncertainty of k-type thermocouple is 0.8 % and for power supply
is £1.9%. In the present study, the average value of uncertainty in pressure measurement is 4.5 %, respectively at jet Re
of 10000 and 50000. The uncertainty analysis in the present study is based on the Moffat [29] method. The uncertainty
in the estimation of C; can be computed using Eq. (6).

5Cq (51)2 N (6b)2 N (6h>2 N (&)2 N (6A0)2 o025 (MP)Z s (53)2

Cy |\ b h t A, “\ap B
o (L) 4 (1) () # () + 0125 025 (L) + sco007ae| = o022
C;  [\490 320 150 270.65 : 7 \49 : e

0.5

(6)

Similarly, uncertainty in the computation of Reynolds number is done using Eq. (7) and also a sample calculation is
shown.
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6Re
05
smy? | (8dy\?
re= |5 + (3]
(7
6Re
—55 = 0.03249
3 0.1
Re = [(0.03185)2 +(12%)
A sample uncertainty calculation in estimation of wall static pressure coefficient is as shown in Eq. (8).
0.5
5Cp (MP)Z (% 2
¢, [\ap V;
®)

5C
C—P = [(0.0055)2 + (0.032)2]%5 = 0.06423
P

The uncertainty analysis for other measuring quantities was computed with a similar procedure by referring to the
Moffat [29] method.

RESULTS AND DISCUSSION

The measurement of CP and CPo by impinging an air jet from non-circular (hexagon) orifice on a rectangular element
is experimentally studied with high precision under the study state condition. Various x-y plots are drawn for the results,
which are discussed in details for concluding the present study.

Influence of Jet Reynolds Number on Wall Static Pressure

The laminar and turbulent nature of the fluid flow is identified by a non-dimensional parameter Reynolds number. In
the present study, an experiment is carried for turbulent flow (of Re = 10000-50000). Figure 4 and Figure 5 show the CP
distribution at various test section angle (6 = 0° to 40°) for Z/d;= 1 to 4 and X/d; = 1. The graph of CP vs 0 shows the
independent characteristic of jet Re on the distribution of non-dimensional CP and CPo value for all Z/d; =1 to 5 in both
confined and unconfined flow condition, as all the curves take same profile for all jet Re (50000-10000) with some minor
deflection in CP magnitude. Similar independency of jet Reynolds nd CPo was observed and highlighted in most studies
[23-25]. It is also observed that the CP and CPo are dependent on flow restriction and non-dimensional jet exit distance
(Z/d)) and lateral distance (X/d;) which are discussed in other sections.

L75 L75

Zid~1, Xid~=1, Confined Flow Zid=2, X/d=1, Confined Flow
——Re=50000 —+—Re=50000
15 —a—Re=45000 1.5 B —8—Re=45000
——Re=40000 = —+—Re=40000
125 —=—Re=35000 125 —=—Re=35000
—=—Re=30000 —=—Re=30000
—0—Re=25000 ——Re=25000
&, 1 —:—Re=20000 1 —=—Re=20000
o o Re=15000 3 o Re=15000
0.75 —+—Re=10000 0.75 —+—Re=10000
05 0.5
0.25 0.25
-Z
0 0
0 5 0 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
o _ (7]
(@) CPvs@atZ/di=1and X/d;=1 (b) CPvs 0 at Z/d;=2 and X/d; = 1
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Z/d=3, X/d=1, Confined Flow L7 Z/d—=4, X/d=1, Confined Flow

—+—Re=50000 i ——Re=50000

1.5 —a—Re=45000 L5 —a—Re=45000

—+—Re=40000 —a—Re=40000
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123 —=—Re=30000 125 —=—Re=30000

—o—Re=25000 ——Re=25000

A 1 ——Re=20000 1 —:—Re=20000

3] o Re=15000 & o Re=15000

0.75 —+—Re=10000 0.75 —+—Re=10000
0.5 0.5
0.25 025
0 0

0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40

(7] (7]
(c) CPvs @atZ/di=3 and X/d; = 1. (d) CPvs 0 at Z/d;j=4 and X/d; = 1.

Figure 4. Variation of wall pressure coefficient along with the test element inclination for confined flow.
Influence of Test Plate Inclination on Pressure Coefficient.

Test plate angle or inclination (6) is a key parameter that influences the CP and CPo distribution on any element.
From Figure 6, it is observed that the pressure coefficient magnitude changes with change in # and similar changes are
noted for unconfined flow. It is known that the jet velocity is maximum at the centre of the jet when 6 changes (6 > 0°)
the stagnation streamline of jet drifts from the centreline of the rectangular test plate which leads to expansion of the sub-
atmospheric region in circumferential location. As a result, CP drops to a lower value, and the higher values of CPo are
identified at & = 0°. When 6 = 0° jet is more effective as the maximum velocity of jet impinges on the rectangular test
plate, which leads jet to get maximum dynamic pressure; as a result, CP reaches a peak value at § = 0° compared adjacent
6 on the test element. Thus, when 6 varied between 0° and 12° around 16% to 21% and when 6 is between 13° to 40°
around 31% to 43%, drop in the CP are noted for both confined and unconfined condition. Therefore for smaller test
section inclination, higher CP values are observed for all examined flow parameters. Similar contributions are highlighted
in early experimental studies [24-26]. Figure 8 shows a variation of CP along the axial or lateral position of the rectangular
plate for Z/d; = 1 to 4 at Re =40000.

175 1.75
Z/d=1, X/d~=1, Unconfined Flow Z/d=2, X/d=1, Unconfined Flow
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—+—Re=40000 —+—Re=40000
125 —=—Re=35000 125 —=—Re=35000
- —=—Re=30000 ’ ——Re=30000
——Re=25000 —0—Re=25000
1 —=—Re=20000 1 ——Re=20000
& o Re=15000 % o Re=15000
0.75 —+—Re=10000 0.75 —+—R.e=10000
0.5 0.5
0.25 0.25
0 0
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175 175
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Figure 5. Variation of pressure coefficient along the test element inclination for unconfined flow.
Influence of Orifice Exit-to-test Plate on Pressure Coefficient

The variation of CP and CPo is greatly influenced by the orifice exit-to-test plate(Z/d;) and lateral or axial position
(X/d;) of the jet. From Figure 6 and Figure 7, it is observed that as the Z/d; value increases the CP and CPo magnitude
drops to a lower value, that is at Z/d; = 4, the low magnitude of CP and CPo are identified for all examined Re. With an
increase in the Z/d; around 32% to 37%, drop in the CP and CPo is observed. As the Z/d; increases, a significant drop in
the jet velocity is observed due to the spreading of the jet, which leads to a reduction in the jet strength by reducing the
kinetic energy of jet. This spreading of the jet is observed from the flow visualisation method [26]. The same trend is
observed for both confined and unconfined flow. Therefore from this analysis, it is understood that for smaller Z/d; higher
CP and CPo values are observed for all examined flow parameters, and similar experimental outcomes are seen in early
studies [25-27].

175 175
Re=40000, X/d;=1, Confined Flow Re=40000, X/d;=1, Unonfined Flow
. ——Zdj=1
15
—=Z/dj =2
125 —A—7Z/dj=3
—e—Z/dj=14
y ——-Z/dj=5

0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
o

(]
(a) CP vs @ for confined flow (b) CP vs 0 for unconfined flow

Figure 6. Variation of wall static pressure coefficient with curvature at various orifice exit-to-test element spacing.
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Figure 7. Variation of stagnation pressure coefficient with orifice exit-to-test surface spacing at various Re.
Influence of Lateral Distance on Pressure Coefficient.

The analysis is also carried from the obtained experimental results to understand the effect of the lateral or axial
position of the jet (X/d)) on the distribution of CP on a test plate in the spanwise direction. Figure 8 shows variation of
CP at various X/d; ranging from 0 to 5 at Z/d; = 1 to 5 for both confined and unconfined condition at Re = 40000. From
Figure 8, it is noted that the CP magnitudes are much higher than unity at the impingement position for smaller X/d; = 0
and a significant drop in the CP is observed with an increase in the X/d; ratio. The minimum CP identified at X/d; = 5,
that is with an increase in the X/d; around 29% to 34%, drop in the CP observed. This phenomenon is mainly due to the
shifting of jet streamline from the plate centreline; as result entrainment of surrounding air reduces jet strength at a
particular position. Therefore from the analysis, it is understood that for lower X/d; higher CP and CPo values are
observed for all examined flow parameters.

1.75 1.75
< Re=40000, Confined Flow Re=40000, Unconfined Flow
L3y 1.5 Zfdj e
—¥—Z/dj=2
4 .
125 125 —A—Z/dj=3
1 —o—7/dj=4
L .
1 g 14 —a—Z/dj=5
3 S ]
0.75 0.75 ‘
0.5 0.5
0.25 0.25
0 0
0 1 2 3 4 5 0 1 2 3 4 5
X/d; X/d;
(a) CP vs X/d; for confined flow (b) CP vs X/d; for unconfined flow

Figure 8. Variation of wall static pressure coefficient with curvature at a various lateral distance.
Comparison of Wall Static Pressure for Confined and Unconfined Flow

The confinement or flow restriction on the test element is another key parameter, which influences the CP and CPo
distribution. From literature, it is noted the most of the studies on jet impingement are related to conventional circular jet
for the unconfined condition. In the present study, the influence of confinement on CP and CPo distribution is identified
experimentally. The confinement arrangement provides a well-defined path and restricts a jet within a potential core
region, as shown in Figure 3. In Figure 9, graph (a) and (b) shows static pressure (CP) comparison, and graph (c) and (d)
show the stagnation pressure (CPo) comparison for confined and unconfined conditions. From the obtained experimental
data, around 41% to 56.6% in static pressure coefficients and around 48.5% to 58.8% in stagnation pressure coefficients
enhancement is observed for confined flow condition. This remarkable change is noted in the distribution of CP and CPo,
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as the confinement provides restriction to the jet to flow in a constrained path, which leads to the formation of a
recirculation zone within the effective confinement zone. This recirculation gives a boost to jet by enhancing its kinetic
energy as a result of high magnitude CP and CPo seen for a confined flow. The use of confinement gives enhancement
in the CP and CPo by 48 % to 58 %. This data support the evidence of a recirculation region. Therefore from the obtained
experimental results, the analysis shows that for all examined flow parameters the use of confinement in the jet
impingement studies has a significant impact on the static pressure coefficients CP and CPo on flat test surface.

1.75 1.75
At Re=40000, Z/di=1 At Re=40000, Z/di=4
—e— Confined Flow —8— Confined Flow
15 —a— Unconfined Flow L5 —&— Unconfined Flow
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a1 o 1
= By
o O
0.75 0.75
0.5 0.5
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0 0
0 5 10 15 20 25 30 as 40 0 5 10 15 20 25 30 as 40
a a
(a) CP vs B at Z/d;= 1 and Re = 40000 (b) CP vs 0 at Z/d;= 4 and Re = 40000
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At Re=40000, X/di=1 At Re=10000, X/d=1
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X
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1 2 3 4 5 1 2 3 4 5
Zdj Zrdj
(¢) CPovs Z/d; at X/d;= 1 & Re = 40000 (d) CPovs Z/d; at X/di= 1 & Re = 10000

Figure 9. Comparison of wall pressure coefficient for confined and unconfined flow.
Pressure Loss Coefficient Analysis

Figure 10 gives the pressure loss coefficient (Pc) variation with orifice exit to rectangular plate distances (Z/d; =1 to
5) for Re = 50000 to 25000. The pressure loss coefficients are identified to know the pumping power for the jet. To
measure pressure loss coefficients, a same experimental set up shown in Figure 1 was used with some minor modifications
by attaching an additional pressure tap just before the jet exit. From the results, it is observed that the significant drop in
pressure loss coefficients magnitude from Z/d; 1 to 2 and with further increase in the Z/d; 3 to 5 approximately, a constant
value of Pc is seen. A higher value of P;c is seen for confined flow when compared with the unconfined flow for all
examined jet Reynold number. This result indicates that high pumping power is required in the confined flow. Similar
contributions are observed for circular, square, rectangular and triangular orifice in early studies [23].

8431 journal.ump.edu.my/ijame <



A.M. Hanchinal et al. | International Journal of Automotive and Mechanical Engineering | Vol. 18, Issue 1 (2021)

3500 3500

Confined Flow —#—Re=50000 Unconfined Flow #—Re = 50000
—8—Re =45000 —8—Re = 45000
—&—Re =40000 —A—Re =40000
3000 3000
) —%—Re = 35000 ——Re =35000
—X—Re = 30000 —%—Re =30000
—8—Re= 1 —e—Re = 25000
2500 Re=23000 2500 L\*‘,\‘e\
Pc Pec 3
2000 2000
1500 x\ 1500 \ i
K 2% "
1000 — ) 1000 ® -
1 2 3 4 5 1 2 3 4 5
Z/ds VA
(a) Pc vs Z/d; for confined flow (b) Pc vs Z/d; for unconfined flow

Figure 10. Variation of pressure loss coefficient (P¢) with orifice exit-to-plate distances at various Re.

CONCLUSION

In the present study, the wall pressure distribution (CP and CPo) on a rectangular element by impinging turbulent air
jet from hexagonal orifice for a confined and unconfined condition is investigated experimentally under steady-state
condition. Parametric studies were conducted for various jet Reynolds number (of Re=10000 to 50000) based on the
hydraulic diameter of a hexagonal orifice; the Z/d; is varied from 1 to 5 and X/d;is varied from 0 to 5. The study shows
that the use of confinement duct gives an interesting jet flow on the test surface and has a significant effect on both the
static and stagnation pressure coefficients, and apart from confinement effect, the influence of orifice to test surface
distance on wall pressure coefficients are identified. The key findings from the study are highlighted below, where the
outcomes play a remarkable role in the heat transfer and fluid flow analysis in jet impingement studies.

i. The wall pressure coefficients CP and CPo show independent behaviour for the examined jet Reynold number
Re=10000-50000 in confined and unconfined flow condition for all Z/d; =1 to 5 and X/d=0 to 5.
il. The wall pressure coefficients CP and CPo magnitudes are high for lower orifice exit-to-test element distance

(Z/d=1), and with the increase in the Z/d; a remarkable drop in CP and CPo are noted for both confined and
unconfined conditions. With the increase in the Z/d; around 32% to 37%, drop in CP and CPo are observed.

iii. The peak value of CP is observed at X/d; = 0, and a remarkable drop in CP is noticed with an increase in X/d; at
all Re and with an increase in the X/d; around 29% to 34% drop in the CP observed for both confined and
unconfined condition.

iv. The wall static pressure CP for confined and unconfined conditions on a rectangular plate is consistent up to
6 = 12° and an appreciable drop in CP is noticed with an increase in 8. The peak value of CP is observed at
0 = 0° for all Re and Z/d;.

v. The potential core of jet is observed for the Z/d; ratio between 1 to 2 and X/d; ratio between 0 to 2 as the velocity
decay are minimum in these ranges.

Vi. The use of confinement arrangement enhanced contribution of CP and CPo by 48% to 58% when compared to
unconfined flow condition.
vii. The pressure loss coefficient (Pc) decreases with an increase in the jet to plate distance for both confined and

unconfined flow conditions at all examined jet Reynold number. The pressure loss coefficient (P¢) are high for
confined flow for all examined Re.
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