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ABSTRACT

The objectives of this research were to analyze the flow of granular materials and to
construct a physics learning model on “Fluids” for high school students. The granular materials
used in this study were plastic pellets with the diameters of 2, 3 and 4 millimeters through the
hopper angle of 30<¢, <90, the load angle of 30<g, <50 and the opening size of
0.5<w<4.0. An analysis of the angle of repose revealed that results of the opening and pellet
sizes as well as the load angle affected the angle of repose in. that the angle had an inverse
variation with the granular and opening sizes and the load angle. An analysis of the mass flow
rate revealed that the opening size affected the mass flow rate with the latter having the same
inverse variation with the former.

This analysis result was then used to construct the physics learning model on
“Fluids”. A needs analysis of the learners was conducted by using the granular flow learning
package and it was found that the learners wanted to have the collaborative learning approach the
most. This was derived from their satisfaction assessment on their learning behavior toward the
physics instructional approaches, and their satisfaction was at the highest level with the mean of
3.25. The collaborative learning approach was utilized and the GIP2A Model was derived.

Learning activities were designed based on the model, and one learning management

plan on “Fluids” was created, consisting of seven learning management plans with 21 hours. The



learning activity package on Granular Material Flow was in the 7" learning management plan on
Dynamics of Fluids for four hours. The learning management plans, the pre- and posttest and the
learning activity package were verified for their [OC validity by three experts. It was revealed that
the learnability of the learning management plans was significant-at 0.90. The IOC of the pre- and
posttest was between 0.6 and 1.0 with the mean of 0.87, which was in accordance with the
behavioral objectives. The learnability of the learning activity package was significant at 0.94.
After the implementation of the model, it was found that the posttest scores of the students were
higher than their pre-test scores. The t-test was 15.30, which was statistically significant at the
0.05 level. The satisfaction of the students with the learning activity package was at a high level

with the mean of 4.46.

Keywords: Physics Learning Model, Angle of Repose, Granular Material, Hopper,

Mass Flow Rate
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ﬂW‘lﬁ Y-7(f) yumwmmmmmyﬂwm Lﬁ@ﬂlu'lﬂﬂl@ﬂ’)ﬁﬁ]lllﬂm1ﬂﬂ 4 UDALUAT LLASYDI

aoening 3.5 uAIas
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29 4
. 284
o
&
oy
3 27 1
8 «
& 26 w=4cm,D=2mm
)
% —=—0, =30
o 254 —6—0, =40
%ﬂ E —é—eA:ﬂl

24 ——0, =60

T T T T T T T T T

30 35 40 45 50

Angle of load (degree)

{ o < 1 4 [ < 1 o a A ]
A Y-8(N) Hﬂﬂﬂﬂﬂlﬂﬁﬂﬁﬂm@ﬂﬂuﬂjﬁﬁﬂ Lﬁ@ﬂluTﬂﬂl@\nﬁﬂlﬂJﬂl‘ﬂTﬂU 2 UAQLUAT LIS YD

dosnig 4 suduns

29

284

©

O

3

3 27

[

8 w=4cm,D =3 mm

2 26- '

E ] —5—0, =30

3 25 —5—0, =40

g) —A—9A=5U

< 24 =0, =60
T T T T T T T ' 1
30 35 40 45 50

Angle of load (degree)

{ o ] 1 4 @ < IR a a [
ﬂ'lW‘ﬁ U-8(V) HMﬂ@QGU@QUﬁﬂLUﬂﬁ@HNIWﬁﬂ Lﬁ’t‘]‘ummlmaﬁﬂmﬂmmu 3 UAAUNT LSBT

aosnig 4 rudng
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29 4
w=4cm, D=4 mm
. 284 —EI—BA=3()
[5)
gﬂ ] —5—0, =40
§ 27 —A—0, =50
Q —7—0, =60
2. 26
2
[
Q
g 251
g
24 1

Angle of load (degree)

{ o < 1 4 [ < 1w a A 1
A Y-8(f) Hﬂﬂﬂﬂﬂlﬂﬁﬂﬁﬂm@ﬂﬂuﬂjﬁﬁﬂ Lﬁammmmaﬁmmmmu 4 Uaaluan g Llas ¥

dosnig 4 suduns

6.0
Jw=1lcm,D=2mm
5.6 —V—BA=6()
—é—BA:S()
% 52 —9—9A=4()
~ —E—BA:Z;O
&
o
X 48
3
2
&
v 4.4
721
~
=
4.0

30 35 40 45 50

Angle of load (degree)

MWA v-9(n) 6A51M3 IMaBan0a 110 w Iy 1, D Ny 2, 30> 6, > 60, 30> 6, >50
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6.0

1w=lcm D=3mm

564 —F—0,=60

—L—9 =50

)

E” 5.2
]
=

4.8
B
2
=3

v 4.4
a3
=

4.0 -

T T T T T
30 35 40 45 50
Angle of load (degree)

MR ¥-9(¥) BATINS IMaIFauIa e w iy 1, D 1 3, 30> 6, >60, 30> 6, >50

3.0
{w=1cm,D=4mm
24 —T0,=60
—A—9A=50
2 —5—0,=40
2 181 —=—0, =30
w A
=
(a7
2 1.2+
2
o
[72]
2 0.6
=
004 E T +

Angle of load (degree)

MWA ¥-9(A) OATINM3 MaIFIIA 10 wiiInY 1, DN 4, 30> 6, 260, 30> 6, >50
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6.4 w=15cm, D=2mm
—7—0, =60

6.0 4 —A—BA=5()

o —6—10, =40

B

o 561

I

[

Z 524

[

A

S 48-
4.4 T T T T T J T J T

30 35 40 45 50

Angle of load (degree)

MNA v-10() 851013 THaFanIa 1o w iy 1.5, D M0 2, 30 > 6, > 60, 30> 6, >50

6.4

w=15cm, D=3 mm

—7—0, =60
6.0 —A—GA:S()

5.6
5.2

4.8 1

Mass Flow Rate (g/s)

4'4 I ! I ! I 4 I ' I
30 35 40 45 50

Angle of load (degree)

MWA -10(V) BATINT IMaFIwIa 1o w Iy 1.5, D W1 3, 30> 6, > 60, 30> 6, >50
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4.0
w=15cm, D=4mm
—%?—9A=60
3.21 —A—0, =50
o 1 —6—0,=40
B A
° 2.4 —E—9A=3()
=
[
Z 164
=
w
&
= 0.8
00 T T T T T T T ! T

30 35 40 45 50

Angle of load (degree)

MNA V-10(A) 6ATINT IMATINIA 10 w 1110 1.5, D 1WA 4, 30> 6, > 60, 30 > 6, >50

7.2
I w=2cm,D=2mm
68l —F0,=60
—A—9A=50
o« —5—0, =40
5 6.4- A
S
Q
S
> 6.0
2
(S
2 56-
=
5.2
30 35 40 45 50
Angle of load (degree)

MR v-11(0) 905115 TvaFewia 1o w iy 2, D Mny 2, 30> 6, =60, 30> 6, >50
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7.2

{ w=2cm,D=3mm

6.8 ——0,=60
—é—eAzso

6.4 4

6.0+

5.6

Mass Flow Rate (g/s)

5.2 1

Angle of load (degree)

MR V-11(W) BA5INT IMAFIUIa 1o w 11110 2, D i 3, 30> 6, =60, 30> 6, >50

0324 w=2cm D=4mm
—7—0, =60
0.28 —A—0, =50
) 1 —£—0,=40
S 0.244 —5—6, =30
(0]
=
/ 0.20
2
2
~  0.16 4
177
w
<
= 0124
o8 - —p 0 o — - —

30 35 40 45 50

Angle of load (degree)

MWA V-11(A) 6ATINT IMaIBIWID 110 wimIn 2, D i1 4, 30> 6, 260, 30> 6, >50



91

8.0

7.6

7.2+

6.8

6.4 1

Mass Flow Rate (g/s)

6.0 4
w=25cm,D=2mm

56 T T T T T T T ! T
30 35 40 45 50

Angle of load (degree)

MR v-12(n) 851013 THaBanIa 1o w 1My 2.5, D M0 2, 30 > 6, > 60, 30> 6, >50

8.0

7.6+

7.2

6.8 4

6.4

Mass Flow Rate (g/s)

6.0 1

w=25cm, D=3 mm

5.6 T T T T T d T T T
30 35 40 45 50

Angle of load (degree)

MWA -12(V) BATINT IMaFWIA 1o w Iy 2.5, D 11 3, 30> 6, > 60, 30> 6, >50
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0354 ~V 0,=60
—£—0, =50
0.30 4
»
3
o 0.254
=
o
2 0201
=
2
S 0151
w=2.5cm, D=4mm
0.10 T T T T T T T T T
30 35 40 45 50
Angle of load (degree)

MR ¥-12(A) 6ATINT IMATINIA 10 w 11110 2.5, D A1 4, 30> 6, > 60, 30 > 6, >50

8.4

w=3cm,D=2mm
8.0

7.6+

7.2+

6.8

Mass Flow Rate (g/s)

6.4

6.0 T T T T T T T T T

Angle of load (degree)

MWA v-13() 95103 THaIFINAa 1 w Wi 3, DAY 2, 30> 6, > 60, 30> 6, >50
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8.4

w=3cm,D=3mm

8.0

7.6

7.24

6.8

Mass Flow Rate (g/s)

6.4

6.0 T y T T T - T v T
30 35 40 45 50

Angle of load (degree)

MR V-13(W) BATINT IMAFIUIa 1lo w 11110 3, D i 3, 30> 6, =60, 30> 6, >50

0.40
w=3cm,D=4mm
0.354
@ 0.30-
A
o
© 0.25
=
o
L
§ 0207 —5—0, = 60
= —A—6, =50
0.154 —5—0, =40
] —5—0, =30
0.10 T T T T T T T T T
30 35 40 45 50
Angle of load (degree)

MWA V-13(A) 0ATINT IMaIBIWID 110 wiiInY 3, D 111 4, 30> 6, 260, 30> 6, >50
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10.0
w=35cm,D=2mm
9.5 —7—0, =60

1 —A—0, =50

9.0+

8.5

8.0

Mass Flow Rate (g/s)

7.5+

7.0 T T T T T T T T T
30 35 40 45 50

Angle of load (degree)

MR v-14() 851013 THaFaNIa 1o w 1A 3.5, D M0 2, 30 > 6, > 60, 30> 6, >50

10.0
| w=35cm, D=3 mm
95 ~T0,=00
—£—0, =50
) 9.0 o—6,=40
&
= 8.5
g 54
3
= 80
2
2~
=  7.5-
7.0
30 35 40 45 50
Angle of load (degree)

MWA V-14(V) BATINT IMaFWIA 110 wIINY 3.5, D 11 2, 30> 6, =60, 30> 6, >50
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0.48
w=35cm,D=4mm
—7—6, =60
0.42 e GA =50
P —©—6,=40
w)
B 036{ TH0=X
]
=i
~
2 0.30-
=
=
g
S 0.24 -
018 T T T v T T T ' T
30 35 40 45 50
Angle of load (degree)

MNA V-14(R) ©ATINT IHATINIA 100 w 19110 3.5, D 1A 2, 30> 6, > 60, 30> 6, >50
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MANHIN 3-2

ﬂ1ieJ!ﬂi1$ﬁﬁ1ﬁ1ﬂ31u!ﬁﬂﬁﬂiﬁﬂ13~l!ﬁi’)ﬁ1

3 a J Y (Y] d
M15197 9-2.1  H@AINANISIASIZHHIAINIMNNEIATI (I0C) 33 HN9Tnglszaand

NHANITUAVUULNAGDL
Voaol AiTeay ey MABHANNTOANADS
doh) it 1 A 2 audt 3 10C
1 +1 0 +1 0.6
2 +1 +1 +1 0.8
3 +1 +1 +1 1.0
4 +1 +1 0 0.8
5 +1 +1 +1 1.0
6 0 +1 +1 0.6
7 +1 +1 +1 1.0
8 +1 +1 +1 1.0
9 +1 1 +1 0.8
10 +1 +1 +1 1.0
11 +1 +1 +1 1.0
12 +1 0 +1 0.6
13 +1 +1 +1 0.8
14 +1 +1 +1 1.0
15 +1 +1 0 0.8
16 +1 = +1 1.0
17 0 ¥1 +1 0.6
18 +1 +1 +1 1.0
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Yoaou CERRAL MATHANNTOANADI
@oth) A 1 audi 2 audi 3 10C
19 +1 +1 +1 1.0
20 +1 +1 +1 0.8
21 +1 +1 +1 1.0
22 +1 +1 +1 1.0
23 +1 0 +1 0.6
24 +1 +1 +1 0.8
25 +1 +1 +1 1.0
26 +1 +1 0 0.8
27 +1 +1 +1 1.0
28 0 +1 +1 0.6
29 +1 +1 +1 1.0
30 +1 +1 +1 1.0
nae 0.87

NNYAT I0C = &

il 10C

>R

10C =§
30
I0C =0.87

An  avHANuasAndnd (Index Of Consistency)

A0 HATINVDIMINDITUIVOIITOINY

A o 9/dl
A9 VTUIURTIIFITY
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MANUHIN 3-3

3

a d o o v Y
ms’amﬂwmﬁmummnim ») uazﬂ'mmmmnmn (r) ﬂlﬂﬂ!!ﬂﬂﬂﬂﬁﬂﬂ?ﬂﬂaﬁﬂq"ﬂ%

oA
NNANILIBULION Glli’)\iul‘ﬁifl

15197 9-3.1  HEAINAAIANBINNIE (p) HAZAIBIHIVIIUUN (r) VoUUUNATeUIANE

< v
dugnBmansidenizoe vedlna

Wniseu foaou (ot 1-10)
(ﬂu‘ﬁ) 1 2 3 4 5 6 7 8 9 10
1 1 1 1 0 0 0 1 1 1 0
2 0 1 1 0 0 1 1 1 0 0
3 1 1 0 1 0 1 1 1 0 1
4 0 1 0 1 1 1 1 1 0 0
5 1 1 1 1 1 0 1 0 0 0
6 1 0 1 1 1 1 1 1 1 1
7 1 1 1 0 1 0 1 0 1 1
8 1 1 0 0 1 1 1 1 1 1
9 1 0 1 0 1 1 1 1 1 1
10 1 0 1 0 1 1 1 1 0 1
11 1 1 0 1 1 0 1 0 1 0
12 0 1 0 0 1 0 0 1 0 0
13 0 0 0 0 0 0 1 0 0 0
14 0 1 0 0 0 0 0 0 0 1
15 0 1 0 0 0 0 0 1 0 0
16 0 1 0 0 0 1 1 0 0 0
17 0 0 0 0 0 1 1 1 0 0
18 0 0 0 0 1 0 0 0 0 0
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Wniseu Fodon (Foi 1-10)

AU 1 2 3 4 5 6 7 8 9 10
19 0 0 0 0 0 0 0 1 0 0
20 0 0 0 0 0 0 1 1 0 1

9.00 | 12.00 | 7.00{ 5.00 | 11.00|-9.00 | 15.00 { 13.00 | 6.00 | 8.00

U 8.00 7.00 7.00 4.00 7.00 7.00 | 10.00 | 8.00 5.00 6.00
. 1.00. | 500 | 0.00 | 1.00 {4.00 | 2,00 | 5.00 | 500 [ 1.00 | 2.00
q 0.55 1040 | 0.65 | 0.75 | 045 | 0.55 | 0.25 | 035 | 0.70 | 0.60
pq 025 | 024 [ 023 | 0.191025 | 025 ] 0.19 | 023 | 021 | 0.4
045 | 0.60 | 0.35 | 025 | 0.55 | 045 | 075 | 0.65 | 030 | 0.40

D 0.70 | 020 | 070 0.30 | 030 | 0.50 | 0.50 | 030 | 0.40 | 0.40
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Wniseu Fodou (Foi 11-20)

(Aud) 11 12 | 13 | 14 | 15| 16 | 17 | 18 | 19 | 20
1 0 0 0 0 1 0 1 1 1 0
2 0 1 1 0 1 1 1 0 1 0
3 1 0 1 1 0 1 0 0 1 1
4 0 1 1 0 1 1 0 1 0 0
5 0 1 1 0 1 0 1 1 1 0
6 0 1 1 1 1 1 1 0 0 0
7 0 1 1 1 0 0 1 0 1 0
8 1 0 1 1 0 1 0 0 1 1
9 1 0 1 | 0 1 | 1 1 1
10 0 0 ] 1 i 1 1 0 1 0
1 0 0 0 0 0 0 0 0 1 0
12 0 0 0 0 0 0 0 1 1 0
13 0 0 0 0 0 0 0 1 0 0
14 0 0 0 I 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 1 0
16 0 0 0 0 0 1 0 0 0 0
17 0 0 0 0 1 1 0 0 0 0
18 I 0 0 0 1 0 0 0 1 1
19 0 0 1 0 0 0 0 0 1 0
20 0 0 0 1 1 0 0 0 1 0

4.00 | 5.00 {10.00 | 8.00 | 9.00 | 9.00 | 7.00 | 6.00 | 14.00 | 4.00

; 3.00 | 5.00 | 9.00 | 6.00 | 6.00 | 7.00 | 7.00 | 4.00. | 8.00 | 3.00
. 1.00 | 0.00°| 1.00 | 2.00 | 3.00 | 2.00 | 0.00 | 2.00 | 6.00 | 1.00
q 0.80 | 075 | 0.50 | 0.60 | 0.55 | 0.55 | 0.65 | 0.70 | 0.30 | 0.80
pq 0.16 | 0197025 | 024 | 025 | 025 | 023 | 021 | 021 | 0.16
P 020 | 025 [-0.50 | 040 | 0.45 | 045 [70.35 | 030 | 0.70 | 0.20
D 020 | 050 | 0.80 | 0.40 | 0.30 | 0.50 | 0.70 | 0.20 | 0.20 | 0.20




105

Wniseu Fodou (o 21-30)

(Aui) 210 | 2 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30
1 1 0 0 0 1 0 1 0 1 1
2 1 0 0 i 0 1 1 1 0 1
3 1 1 1 0 0 1 0 1 0 0
4 1 0 1 1 1 i 0 1 0 1
5 1 0 1 1 1 1 1 0 0 1
6 0 1 1 1 0 1 1 1 1 1
7 1 1 0 | 0 1 1 0 1 0
8 1 1 0 0 0 1 0 1 1 0
9 0 1 0 0 1 ] 1 1 1 0
10 0 1 0 0 0 1 | 1 0 1
11 1 0 1 0 0 0 0 0 1 0
12 | 0 0 0 1 0 0 0 0 0
13 0 0 0 0 1 0 0 0 0 0
14 1 | 0 0 0 0 0 0 0 0
15 1 0 0 0 0 0 0 0 0 0
16 | 0 0 0 0 0 0 I 0 0
17 0 0 0 0 0 0 0 1 0 1
18 0 0 0 0 0 0 0 0 0 1
19 0 0 0 0 0 1 0 0 0 0
20 0 1 0 0 0 0 0 0 0 1

12.00 | 8.00 | 5.00 | 5.00 | 6.00 | 10.00 | 7.00 | 9.00 | 6.00 | 9.00

; 7.00 | 6.00 | 4.00 | 5.00 | 4.00 | 9.00 | 7.00 |.7.00 | 5.00 | 6.00

§ 500 | 2.00 | 1.00 | 0.00 | 2.00 | 1.00 | 0.00 | 2.00| 1.00 | 3.00

q 0.40 | 0.60 | 0.75 | 0.75 | 0.70 | 0.50 | 0.65 | 0.55 | 0.70 | 0.55

pq 024 | 024 019 | 0.19 | 021 | 025 | 023 | 025 | 021 | 0.25

0.60 | 040 | 0.25 {025 | 030 |0.50 | 035 | 045 | 030 | 0.45

D 020 | 040 | 030 | 0.50 | 020 | 0.80 | 0.70 | 0.50 | 0.40 | 0.30
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4 o 1 [ a arAa P
ﬂ151~1ﬁ N-3.2 Llﬁﬂ\1Waﬂglluusﬂ']ﬂﬂWﬂ/nLl‘U‘Uﬂﬂﬁﬂ‘Uﬂ@ul'diﬂullagﬁaﬂﬁﬂuﬁ‘]fWV‘lﬁﬂﬁﬁﬂﬂ

volva
M3tszliupa
indounuil | azuudeuon | azuuundaiEon D D’
(X)) (X,)
1 5 26 21 441
2 9 22 13 169
3 6 20 14 196
4 12 21 9 81
5 7 25 18 324
6 13 22 9 81
7 10 21 1 121
8 6 23 17 289
9 4 22 18 324
10 7 20 13 169
11 4 24 20 400
12 7 20 13 169
13 5 28 23 529
14 7 24 17 289
15 3 24 21 441
16 6 25 19 361
17 9 19 10 100
18 11 21 10 100
19 13 24 11 121
20 4 21 17 289




107

Mm3tszliuwa
dnBounuil | azuuudouBou | azuuumdaitou D D’
(X) (X,
591 148 452
mae 74 226 $D=304 SD2= 4994
S.D 3.08 2.35
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a a v = v A a aa ¢ A
139N 3-3.3 uamwamsﬂ5$suuwanauﬁwuazmmummﬂana 1393 Glli’)\‘i"l‘f‘ia

N AR % S.D. t
nouTe 20 30 7.4 3.08 15,33+
aaiseu 20 30 223 2.35

v Y
a K v

AITHINAUINTNINNVLVD I NTaU lasordensviaenstlssansna

Y
v A

(Effectiveness Index : E.I) Y gATAU

ABUUTLANTHA =  HAIIVVDIASUUUNAIFTIUNNAY — HATIVVDIASUUUNDUITIUNNAN

@EUNNTINEOU x AZUUWAN) — NATINUDIAZIUUAD UG BUNNAY
452 -148
(20x30)-148
340
452
= 067

a 1 = v A a ara ¢ A 9
iﬂﬂGni'Nﬂ1§ﬂi$muwﬁﬂ@ul‘iﬂulm$ﬁﬁﬂliﬂu'}%1 nanda 589 "ll’lfNUlfViﬁ ED'lﬂfﬂiclﬂf
: o < = { 1
YANII U !%’EN mi"lwaﬁumaﬁ@gm ’ﬁuﬂ‘ii‘llﬂd‘iﬂ'ﬂWIﬂﬂﬂglluulﬂaﬂi$W'J'l\3ﬂ$uuuwaﬂ'l'§

1 4
nageUNANTEUNUAZLULDAY NnouiTou TaslF ttest gasaall

=20
Ny p-(¥D)

N-1

. 340
19.82
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