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ABSTRACT

The influence of the airflow field around the conditioning roll of a mower conditioner on
the forage harvesting process cannot be ignored. Full factorial simulation tests of the
airflow field of a single conditioning roll and double conditioning roll were carried out,
respectively, by taking the roll type, roll rotational velocity, and roll clearance as factors.
The results show that the average airflow velocity around the conditioning rolls has a linear
positive correlation with the roll velocity and an exponential negative correlation with the
distance from the centre of the conditioning rolls in the single roll case. In the case of
double rolls, the airflow around the conditioning rolls increase with the velocity of the rolls
and decrease with the increase of the clearance between the rolls. The results of the field
verification test show that, compared with the measured values for the prototype, the
average error of the average velocity of the airflow around the single roll, predicted by the
regression model, is 6.35%. The average error of the predicted velocity of the back-feeding
airflow of the double roll is 5.86%. The results are reliable and could provide a reference for

the optimised design of the conditioning roll.

INTRODUCTION

Alfalfa is known as the "King of Forages" and should
be conditioned at point of harvest (Blain et al., 2023; Feng et
al., 2022; Li et al., 2019). Alfalfa stems are cracked and the
wax layer of the stem is destroyed by the mower conditioner.
To ensure that the stem and leaves are dried at the same time,
the alfalfa drying time is shortened in the field, avoiding the
shedding of leaves due to over-drying in the subsequent
mechanical operations to improve the quality of alfalfa hay
products (El-Baily, 2022; Liu et al., 2022; Zhortuylov et al.,
2019; Haselmann et al., 2021).

The common conditioners are rolls and impellers.
The stems are bent and broken by the rolls and water
evaporates more easily from the cracks in the epidermis of
legume forages. The plant cuticle is destroyed by the friction
of the impellers' rotating fingers, which dries out the crop
stem faster for grassy forages (Borreani et al., 2018;
Greenlees et al., 2000; Lomas et al., 2018; Turul & Bozbay,
2023). For crimping devices, different forms of roll teeth
have different flattening effects. ‘Roll with spiral
rectangular section lugs’ Roll with spiral rectangular section

lugs (RSRSL) has good inter-engagement, good crimping
bending and a backward conveying effect; it is most widely
used (Stanisavljevi¢ et al., 2021; Shinners et al., 2006;
Hecker et al., 2022). To achieve flattening and crushing, the
roll clearance needs to be less than the stem diameter. The
drying velocity is increased by reducing the roll clearance
and the effect is most obvious when the clearance is less
than 2 mm (Shinners et al., 2006; Zhao et al., 2014; Tian et
al., 2021; Li et al., 2021; Chen et al., 2015). The pressure of
the conditioning roll on the alfalfa is controlled in the range
120-157 N, which helps to improve the drying efficiency
(Zhang et al., 2020). The common materials used for the
rolls are steel and urethane. Steel has better abrasion
resistance than urethane and ti-core rolls but urethane has a
better flattening effect and a lower crushed grass loss rate
(Shinners et al., 2006; Rotz, 1995). Some scholars have
proved, through experiments, that the faster the roll rotation
velocity, the faster the conveying rate. On the contrary, as
the flattening rate decreases, the crushed grass loss rate
increases, resulting in harvest losses (Zhao et al., 2014; Wu
etal., 2019; Wu et al., 2017).
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It has been shown that, in addition to the
mechanical factors mentioned above, the airflow field in
the cutting area of the mower has a non-negligible effect
on the quality of forage harvesting. The airflow field in the
cutting area is mainly formed by the high-velocity rotation
of the cutter and the conditioning roll. At present,
lawnmowers are the focus of research on the airflow field
of cutters. Through Computational Fluid Dynamics (CFD)
and other techniques, scholars have investigated the
distribution of airflow (Xie et al., 2020; Wu et al., 2015;
Kim & Kim, 2015; Kuriyagawa et al., 2021) and air
pressure (Khodke et al., 2018; Ramnani et al., 2020) inside
lawnmowers, to investigate the effects of blade speed
(Edik et al., 2017) and blade geometry (Bhateja et al.,
2020) on the airflow. Furthermore, the structural
parameters of the cutter are optimised to determine the
optimal parameters of the airflow field (Cedik et al., 2016;
Wu et al., 2023). There are not many existing studies on
the airflow field of the mower conditioner. In our team's
previous research, the airflow field of the cutter of the
mower conditioner was investigated and optimised by
using a numerical simulation method (Jiang & Jiang,
2000). The high-velocity rotation of the rolls also disturbs
the air, changing the airflow field, and the characteristics
of the airflow field are affected by the structural
parameters of the conditioning rolls. However, it is not
clear how the structural and operational parameters of the
conditioning rolls affect the airflow field around them.

Therefore, in this study, six different structural
types of conditioning rolls were selected and the airflow
field around the conditioning rolls was numerically
simulated. Full factorial tests were carried out using CFD
technology, using the roll clearance and the roll rotation
velocity as the test factors. This testing studied the
influence of structural and operational parameters, such as
roll type, roll rotation velocity, and roll clearance, on the
distribution of the airflow field around the conditioning
roll and airflow velocity, to provide a reference basis for

the optimised design of the conditioning roll of
high-efficiency and low-loss forage harvesting equipment.

ROLL STRUCTURE AND AIRFLOW FIELD
THEORY

Structure of conditioning roll

The operational area of the mower conditioner
mainly consists of the cutter, conditioning rolls, frame, and
other components (Figure 1). The conditioning rolls are
mounted above the back of the cutter to flatten and
condition the cut forage. To investigate the effect of roll
type on the airflow field around the conditioning roll, six
different types of conditioning rolls were designed in this
study, based on Shinners et al. (2006), i.e. ‘Roll with spiral
rectangular section lugs’ (RSRSL), ‘Roll with triangular
section lugs’ (RTSL), ‘Roll without lugs” (RWOL), ‘Roll
with circular section lugs’ (RCSL), ‘Roll with involute
section lugs’ (RISL), and ‘Roll with rectangular section
lugs (RRSL). The structural parameters of each
conditioning roll are shown in Figure 2 and Table 1.

1. Guide plates 2. Conical drum 3. Side plate 4. Upper roll 5.
Underlying roll 6. Tilting disc 7. Runner 8. Cutter

FIGURE 1. Structure of cutter and conditioner system.

Roll with spiral rectangular
section lugs
(RSRSL)

Roll with triangular section lugs

(RTSL)

Roll without lugs
(RWOL)

Roll with circular section lugs
(RCSL)

FIGURE 2. Types of conditioning roll.

Roll with circular section lugs

(RCSL)

Roll with rectangular section
lugs (RRSL)
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TABLE 1. Structural parameters of roll.

Conditioner type RSRSL RTSL RWOL RCSL RISL RRSL
Cross-section shape of lugs Rectangle Triangle - Circle Involute Rectangle
Lug depth (mm) 1.3 3.8 0 3.8 2.9 2.5
Number of lugs 4 8 0 8 12 4
Lug pattern Helical Straight Straight Straight Straight Straight
Outer diameter (mm) 220 220 220 220 220 220
Roll length (mm) 730 730 730 730 730 730

Theoretical analysis of airflow field

The airflow field around the conditioning rolls is formed by the rolls rotating and disturbing the air. In our previous
study of the cutter airflow field, the analytical method assumed that the single drum was a cylinder and the flow field around it
was approximately regarded as a pure circulating flow (Wu et al., 2023; Jiang & Jiang, 2000). For a single conditioning roll
rotation, the magnitude of the velocity v of the fluid microcluster at any point around it can be approximated as being inversely
proportional to its polar radius » to the centre of rotation. Therefore, it can be expressed as follows:

C
v=— (1)
r

Where:

¢ is a constant.

The velocity v could be decomposed along the X and Y directions as follows:

c . c
v, =——sinf=- zy >
r X +y @
c cx
vy=—cos€= —
r X4y

Where:

@ is the angle between the line from the fluid microcluster to the centre of rotation and the x-direction.

By substituting the above equation into the fluid continuity equation, the following can be obtained:

ov, Ov, 0 cy o ox 0

= - [+ —| 5 |=cC" > 3)
ox Oy Ox\ x4y oyl x"+y (x2+y2)

It is known that the air flow around a single conditioning roll complies with the condition of continuous flow. For a
single fluid microcluster, the angular velocity is expressed as follows:

ov,
po Ll v | 1) 0 o _9(_ v :5.%=o @)
2\ Ox Oy 2l ox\ x"+y o\ x +y 2 (x2+y2)

Obviously, the air flow is an irrotational flow. In pure circulation flow, the velocity loop quantity of any curve
enclosing the origin is constant and its magnitude is expressed as follows:

2z
F=J-v~ds=.[£-r~d6’=27rc (%)

The flow function y (X, y), which can be derived from the above equation, is expressed as follows:

r y r X L d+dy’
dy =vdy—vdi=—o,-—2 |gyo—| X = XD 6
V=R 27[( x2+y2j 4 27r( x2+y2j 2r X+ ©
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To integrate it, the flow function can be expressed as:
r r r

W= ——ln(x2 +y2)= ——In\/x*+y* =——Inr
4r 2z 2

For the velocity potential function ¢(x, y):

2 27

dp=v.dx+vdy ZL(—+jdx+L[+de =
x x

+°

By integrating it, the velocity potential function can be expressed as:

® :Larctanz =Ll9
2r x 2z

From egs. (7) and (9), the flow function line of the
airflow field around a single conditioning roll is a set of
concentric circles centred on the rotation axis of the roll,
while the isopotential line is a half a ray from the centre.
This theory could provide a basis and reference for
analysing the airflow field around a single roll. However,
the airflow field around the roll is affected by various
factors, including the shape of the rolls with lugs and roll
position in practice, while the distribution and parameters
of the airflow field tend to be inconsistent with the results
of the theoretical analysis. For the intermeshing double
rolls, the two streams of airflow intersect and collide in
front of the conditioner, forming a relatively complex flow
field. Consequently, it is difficult to build a theoretical
model. Therefore, in this study, the CFD technique was
applied to numerically simulate the airflow field around
the intermeshing double rolls for analysis.

MATERIAL AND METHODS
Numerical simulation

According to our description in the literature (Wu
et al., 2023), the immersed solid calculation method of
CFX is used in this paper, to numerically simulate the
airflow field around the conditioning roll. Firstly, the
geometry of the roll was modelled using Solidworks
software. Secondly, it was imported into the ICEM
software after meshing. Thirdly, the physical model was
defined by the CFX-Pre module and, finally, the numerical
solution was obtained through the CFX-Solver module.
The simulation results were visualised and data were
extracted and analyzed with the CFX-Post module.

In this study, geometrical models of the
conditioning roll and the fluid domain were created. When
performing numerical simulations, the shape and size of
the fluid domains of the single roll and the intermeshing
double rolls were different. For the single roll simulation,
the fluid domain was built as a cylinder with a diameter of
800 mm and a length of 2000 mm. When the intermeshing
double roll simulation was performed, the fluid domain
was built as a rectangle with a length of 2000 mm, a width
of 1000 mm and a height of 1000 mm. For the simulation,
the solid domain of the conditioning roll was placed at the

(N
dl?
I xdy—ydx T X .
2r xX+y*  2«& 1"‘()))2 ®)
X
©)

centre of its fluid domain. For meshing, Tera/Mixed was
selected as the mesh type and the tetrahedral mesh was
created by Robust (Octree). When the solid domain mesh
of the conditioning roll was created, the control global
mesh size factor was defined with a scale factor of 1 and a
maximum element value of 3, so its maximum allowed
mesh size was 3 mm. When the fluid domain mesh was
created, the control global mesh size factor was set to a
scale factor of 1 and the maximum element value was 15;
this allowed a maximum mesh size of 15 mm. The
physical model was defined and the solution parameters
were set by CFX-Pre. Air at 25 °C was chosen as the fluid
material, the k-epsilon turbulence model was chosen for
the computational model. The boundary condition of the
fluid domain was set as OPENING in the software, for the
simulation of the free-flow air around the rolls. The
boundary condition of the solid domain was set as WALL.
For the solid domain of rolls, Immersed Solid was selected
as its type, and the rotating motion was selected. For the
solution, transient simulation was used as the type of
analysis, with a total simulation time of 2 s and a
simulation step selected as 0.05 s.

Experimental factors and levels

In this study, the airflow field analysis was
separately carried out for a single roll and double rolls. For
the simulation of a single roll, the type and velocity of
conditioning rolls were selected as the evaluation factors.
For the simulation of intermeshing double rolls, roll type,
roll rotational velocity, and roll clearance were selected as
the experimental parameters. For the test, six types of
conditioning roller were selected, as described in Figure 2.
For the rotational velocity of the conditioning roll, its
circumferential velocity was often 3.5-4.0 times the
machine's forward velocity. The roll velocity of the mower
conditioner used in this paper was 7-9 m/s. For the roll
clearance, too-small a gap could easily cause material
congestion, while too-large a clearance would reduce the
alfalfa flattening rate. In the reference (Shinners et al.
20006), the roll clearance was set to three levels: 1, 3, and 5
mm. In summary, the table of test factor levels is presented
in Table 2 and the full factorial simulation test was
conducted based on the above factor levels.
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TABLE 2. Factors and levels

Level Factor
eve Roll Type Roll Velocity 7 (r/min) Roll Clearance m (mm)
1 RSRSL 400 1
2 RTSL 500 3
3 RWOL 600 5
4 RCSL 700
5 RISL 800
6 RRSL
Evaluation Indexes four lines. The air velocity in the direction of roll rotation

at each measurement point was exported by the software
and the data at 240 measurement points were obtained.

The average velocity of airflow around the
flattening roller was calculated as follows:

In order to quantitatively assess the effect of the
parameters of the conditioning roll on the airflow field, the
average velocity of the airflow around the roll was used as
a test index when simulating the airflow field of a single

roll. At the same time, in order to summarise the n

distribution rule of airflow velocity around the roll, the Z(Vh +V,+V;, + V:“)

velocity at different distances from the centre of the roll V= i=1 (10)
was counted in the test. In the simulation of the airflow 4a

field of intermeshing double rolls, the velocity of the

back-feeding airflow was used as a test index because the in which:
back-feeding airflow has a great impact on the working V1 - the X-direction airflow velocity at the ith
performance of the mower conditioner. The direction of the measurement point on L, in m/s;

back-feeding airflow is opposite to the direction in which
the forage is fed into the mower. Excessive back-feeding
airflow can prevent forage from being fed to the rolls, so

Vi - the -Z-direction airflow velocity at the ith
measurement point on Lo, in m/s;

that the cutter in front of the rolls will keep re-cutting the Vsi - the -X-direction airflow velocity at the ith
forage, resulting in forage breakage (Wu, 2017). measurement point on Ls, in m/s;

Through the CFX-Post module, four lines of equal Vi - the Z-direction airflow velocity at the ith
length to the conditioning roll (L, Ly, L3 and L4) (Figure measurement point on La, in m/s;

1) were established in the four vertical directions around
the roll, at a position 120 mm from the roll centreline, with
60 measurement points evenly distributed on each of the

a - the number of measurement points in each line
segment, a = 60.

N

S Y

i s

FIGURE 3. Measuring positions of the airflow velocity.

In the four radial directions of the roll, at 120-330 in which:
mm from the roll axis (Figure 4), each direction was
equally spaced to establish 8 line segments equal to the
length of the roll. The four directions of the line segments

V; - the average velocity of the airflow at each
distance of the radial position of the roll, in m/s,

were Ly, Loj, L3 and Ls;, with each line segment being J=12,34,5.6,7.8;
evenly distributed on the 60 measurement points. The air Vi - the X-direction airflow velocity at the ith
velocity at each measurement point, in the same direction measurement point on Ly;, in m/s;

of roll rotation, was exported by the software and the data
at 240 measurement points were obtained.
The average velocity of the airflow at each position

Vai - the -Z-direction airflow velocity at the ith
measurement point on Ly;, in m/s;

in the radial direction of the conditioning roll was V3ji - the -X-direction airflow velocity at the ith
calculated as follows: measurement point on Ls;, in m/s;
1 Vai - the Z-direction airflow velocity at the ith
z (V1 it v, it v, it v, ji) measurement point on Lyj, in m/s;
V =4t (11 a - the number of measurement points in each line
! 4a segment, a = 60.
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FIGURE 4. Measuring positions of distribution location

A line segment Ls equal to the length of the rolls
was created with 60 measurement points, evenly spaced
across the segment at a position 290 mm (Figure 5) from
the tangent point of the rolls and directly in front of the
intermeshing double rolls. The airflow velocity at each
measurement point was obtained in the same direction as
the machine's forward direction (-Z-direction), resulting in
airflow velocity data at 60 measurement points.

The back-feeding airflow velocity for intermeshing
double rolls was calculated as follows:

V,=+4 (12)

in which:

Vsi - the -Z-direction airflow velocity at the ith
measurement point on Ls, in m/s;

a - the number of measurement points in each line
segment, a = 60.

FIGURE 5. Measuring positions of back-feeding airflow velocity.

RESULTS AND DISCUSSION
Distribution of airflow field

When the roll rotation velocity was 600 r/min, the
results of the airflow field distribution around the single
roll were as shown in Figure 6.

Figure 6 shows that, with the rotation of the
conditioning roll, the airflow around the roll is disturbed
by the roll to form an airflow field in the same direction as

Velocil,
Ve:lnrl1y

7.000
5250
3.500 . . l,
1750

0.000

the rotational velocity. When the roll’s rotation velocity is
certain, different types of rolls have different disturbing
effects on the airflow, indicating that the shape and size of
the lugs have a greater effect on the airflow field around
the conditioning roll. According to the colour markings in
the figure, it can be seen that the order of the size of the
degree of air disturbance by the roll is in the order of RISL
>RCSL > RSRSL > RRSL > RTSL > RWOL.

fmst1) RSRSL RTSL RWOL RCSL RISL RRSL

FIGURE 6. Distribution of airflow field around a single roll.
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When the intermeshing double rolls’ rotation velocity was 600 r/min and clearance was 3mm, the results of the airflow
field distribution around the rolls were as shown in Figure 7. With the intermeshing double rolls rotating, the air is driven by
the conditioning rolls to form an airflow intersection right in front of the rolls, resulting in a back-feeding airflow. The colour
markings show that RTSL disturbed the air the least and there was no difference in the effect of air being disturbed by the other
types of rolls.

Velocity
Vector 1

8.500
6375

4280 -

2125

0.000 RSRSL RTSL RWOL RCSL RISL

[m s*-1]

FIGURE 7. Distribution of airflow field around intermeshing double rolls.

Velocity of airflow
Velocity of airflow around a single roll

Figure 8 shows the velocity of the airflow around a single roll. The closer the colour of the graph is to red means that
the airflow is faster; the closer to blue means that the airflow is slower. The colour markings show that the airflow velocity
around the conditioning roll increases with increasing roll velocity, for each type of roll. In addition, the airflow around RTSL
is the slowest and the airflow around RWOL and RISL is the fastest, when compared to the other roll types

400r/min 500r/min 600r/min 700r/min 800r/min 400r/min 500r/min 600r/min 700r/min 800r/min

=
q@ y RCSL
. . . -

FIGURE 8. Velocity of airflow around a single roll.

Veloci
Cdn‘wnry'\

9.500 RSRSL
8.550
7.600
86.650
5.700
4750
3.800
2.850
1.900
0950 RwoOL

0.000
[ms*-1]

RTSL

The average airflow velocity around a single roll was processed according to the statistical method described in the
preceding paragraphs and [eq. (10)].  As shown in Figure 9, when the rotational speed of the  roll is increased from 400 to
800 r/min, the average velocity of the airflow around the roll shows a linear increasing trend, which conforms to the primary
function for fitting.

-
T

—m— RSRSL:¥,=0.00169+0.008561 R?=0.9998

>
T

—&— RTSL: V,=0.18852+0.006n R?=0.9796

(2]
T

—A— RWOL:/,=-0.04252+0.009191 R?=0.9999

v RCSL: ¥,=0.06296+0.00814n R?=0.9969

S
T

~ & RISL: /,=-0.04851+0.009097 R?*<0.9999

Average Airflow Velocity V; (m/s)

~ < RRSL: /,=-0.10592+0.00853n R?=0.99386

w
T

T T T T 1
400 500 600 700 800
Velocity of Rotation # (r/min)

FIGURE 9. Average velocity of airflow around a single roll.
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The average airflow velocity around a single roll was processed according to the statistical method in Section 3.3 and
[eq. (11)]. When the velocity of the roll is 600 r/min, the average airflow velocity shows an exponentially decreasing trend, the
farther away from the centre of the roll you go, which is in accordance with the image of the exponential function.

5.0

—=—RSRSL:#;=11.87991xe 807325642 1476 R?=0.99898

I
(1]
T

—eRTSL: F/=13.20682xe™6%42874+1 71935 R2=0.99896

s
(=}
T

—*—RWOL:¥;=13.99377xe™728802543 60752 R?=0.99799
—A—RCSL: V=12.7212xe™™46347913 23971 R2=0.9999

—e—RISL: F;=1243995¢™782110043 56979 R?=0.9983

[9%]
[=}
T

—«—RRSL: V=0.51956e™P217195+1 89218 R?=0.99856

Average Airflow Velocity Vj (m/s)
o
T

B9
<]
T

1< 5 ¥ T g T {3 T - T | 1
100 150 200 260 300 350
Distance to Center m (mm)

FIGURE 10. Average velocity of different distances of the rolls.

Velocity of airflow around the intermeshing double rolls

In Figure 11, when the velocity of intermeshing double rolls is 600 r/min and roll clearances are 3 mm, the airflow
around RWOL is the fastest, while RISL is the slowest, as shown by the colour markings. The software indicated that the
maximum air velocity around each type of roll is: RSRSL - 7.915 m/s, RTSL - 6.812 m/s, RWOL - 8.377 m/s, RCSL - 6.930
m/s, RISL - 6.511 m/s, and RRSL - 6.750 m/s.

Yelocky
8.500
7.650
6.800
5950
5.100
4.250
3.400
2550
1.700
0.850

0.000
[m 1]

RSRSL RTSL RWOL RCSL

FIGURE 11. Velocity of the airflow around different types of rolls.

The RSRSL airflow velocities around the double rolls, with a 3 mm clearance and different rotational velocity, are
shown in Figure 12. The figure shows that the airflow velocity increases with the increase in roll velocity. The maximum
velocity of the airflow around the roll increased from 5.278 to 10.566 m/s when the roll velocity was increased from 400 to
800 r/min, using software statistics.

e
11.000
2.800
8.800
7.700
6600
5500
4.400
3.300
2200
1.100

0.000
[msn1]

400r'mm 300r/mm 00 min 700 min 800r/min

FIGURE 12. Velocity of the airflow around the double RSRSL.
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Figure 13 shows the double RSRSL for the roll velocity of 600 r/min and different roll clearances. The result that the air
velocity decreases as the roll clearance increases (but not by much) can be obtained from the graph. From the software, it can
be seen that the roll clearance increased from 1 to 5 mm and the maximum airflow velocity around the roll decreased from
7.850 to 7.502 m/s.

Velocity

v
8.000
7.200
6.400
5,600
4.800
4.000
3.200
2,400
1.600
0.800
0.000

[m s*-1] Imm 3mm Smm

FIGURE 13. Airflow velocity around rolls with different clearances.

According to the statistical method described in Section 3.3 and [eq. (12)], for the velocity of the back-feeding airflow
of the double rolls, the results are shown in Table 3 and Figure 14. When the mower condition is operating, less back-feeding
airflow is required to make the alfalfa easier to feed. In order to better-predict the magnitude of the forward thrust airflow
velocity, binary linear regression was performed to obtain the forward thrust airflow velocity prediction model (see Table 3
and Figure 14).

TABLE 3. Result of back-feeding airflow.

521%21?; Roll Clearance ~ RSRSL RTSL RWOL RWOL RISL RRSL
(t/min) (mm) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s)
400 1 1.6936 13717 14315 1.5258 1.2793 1.7637
400 3 1.6607 12018 1.6893 15116 1.2351 1.6824
400 5 1.4827 1.1593 1.6440 1.6009 1.4049 1.6118
500 1 2.0958 1.8478 1.7695 1.8696 1.5905 2.1047
500 3 2.0587 1.7954 2.0852 1.8549 1.5351 2.0615
500 5 1.8394 1.7496 2.0280 1.8878 1.7335 2.0022
600 1 2.5001 1.7699 2.1166 1.9755 1.9052 25660
600 3 2.4428 1.8220 2.4913 1.9859 1.8391 22619
600 5 3.1599 1.8081 2.4225 2.1423 2.0821 2.1904
700 1 29014 22705 2.4674 2.6332 22225 3.0393
700 3 2.8408 1.9801 2.9038 26013 2.1453 2.8935
700 5 2.5502 1.8967 2.8235 27356 2.4231 27662
800 1 33271 3.0172 2.8193 2.9860 2.5401 33124
800 3 3.2625 29111 33177 2.9601 2.4519 3.2680
800 5 2.9285 1.6244 3.2258 3.0015 2.7580 3.1834
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FIGURE 14. Velocity of back-feeding airflow and prediction model

VERIFICATION EXPERIMENTS
Test equipment

In order to verify the accuracy of the numerical
simulation and the validity of the prediction model,
conditioning roll test equipment was constructed and
verification tests were carried out. As shown in Figure 15,
the double rolls are driven by gear meshing and
rotate relative to each other; the speed of the conditioning roll

could be adjusted by the frequency converter. The test
bench uses the most commonly used RSRSL on the mower
conditioner. When testing with double rolls, the
conditioning roll clearance is fixed at 5 mm. During the
test, the air velocity of the airflow field was measured by
using a hand-held thermal anemometer (TES-1341, TES
Electrical Electronic Corp., air velocity range 0.3~30 m/s,
resolution 0.01 m/s, measurement accuracy +1%).

1 6
2

3
3

4

1. Shaft coupling 2. Motor 3. Frequency Converter 4. Frame 5. Conditioning roll 6. Gears.

FIGURE 15. Conditioner roll test device.
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Test Methods

The airflow velocity tests for single and double
rolls were performed at five conditioning roll velocity
gradients (400, 500, 600, 700, and 800 r/min). In the
double rolls airflow test, the roll clearance was 5 mm and
the airflow velocity measurement method was consistent
with the simulation test. For a single roll, the average
velocity of the airflow around the roll was tested and
double rolls tested the velocity of the back-feeding airflow.

TABLE 4. Validation test results.

In the test, a TES-1341 thermal anemometer was utilised
to automatically record a value every 2 s, at each
measurement point, then the average value of each
measurement point was read.
Test Results

The results of the wvalidation tests and their
comparison with the regression model predictions are

shown in Table 4; the model predictions are calculated
from egs. (10) and (12), respectively.

Roll Velocity Model Predicted Values Measured Value Error Average of
Indexes Errors
(r/min) (m/s) (m/s) (%) (%)
400 3.4012 3.187%0.078 6.72
A locitv of airfl 500 4.2352 4.021%+0.067 5.33
verage velocity of aitlow 600 5.0692 4.807+0.090 5.44 6.35
around a single roll V3
700 5.9032 5.5160.082 7.01
800 6.7372 6.281%0.110 7.26
400 1.6215 1.446%0.037 6.68
Velocity of back-fecdi 500 2.0115 1.818+0.035 7.57
clocity of back-leeding 600 2.4015 2.204=20.037 6.73 5.86
airflow V>
700 2.7915 2.451%0.121 5.34
800 3.1815 2.995+0.059 2.96

From the test results, it can be seen that the average
velocity of the airflow around a single roll and the velocity
of back-feeding airflow both increase with an increase in
the speed of the conditioning roll; the trend is consistent
with the simulation test results. The results of the
regression model, compared to the measured values of
airflow velocity, show an average error of 6.35% for the
predicted value of the average velocity of single roll
airflow and 5.86% for the predicted value of the velocity
of intermeshing double rolls’ back-feeding airflow. The
predicted values of the model match the measured values,
which verify the accuracy of the numerical simulation and
the validity of the predicted regression model.

CONCLUSIONS

In this study, based on the theoretical analysis of
the airflow field, six different types of conditioning rolls
were created and numerical simulation was then used to
study the effects of conditioning roll type, roll velocity,
and roll clearance on the airflow field around the
conditioning roll. A regression model for predicting the
airflow velocity around the roll was constructed and
testing equipment was built to validate the results. The
main conclusions of this paper are:

(1) The conditioning roll type had a significant
effect on the airflow velocity around a single conditioning
roll, with the fastest airflow velocity being identified
around RWOL and RISL. The slowest airflow velocity
was found around RTSL. The average airflow velocity
around the conditioning roller had a linear positive
correlation with the rotational velocity of the roll and an
exponential negative correlation with the distance from the
centre of the roll.

(2) When the intermeshing double rolls rotated in
mutual meshing, the airflow around RWOL was
the fastest, and RISL was the slowest. The airflow

velocity around rolls increased with the increase in
conditioning roll velocity and decreased with the increase
in roll clearance.

(3) A regression prediction model was created for
the average velocity of airflow around a single roll and the
back-feeding airflow velocity of the intermeshing double
rolls. Testing equipment was built to validate the airflow
velocity. The results show that the average error of the
regression model, with an average velocity of the airflow
around a single roll, is 6.35%. The average error for the
velocity of the back-feeding airflow in the intermeshing
double rolls is 5.86%. The simulation results and
prediction model were reliably confirmed and the results
of the study could provide a reference for the optimised
design of the conditioning roll.
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