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ABSTRACT

This study investigates the thermal efficiency and the efficiency of heat transfer through thermal analysis when
the same heat is applied to a mortar frame by firing with various configurations of mortar. As the inside
diameter of the mortar increases, the additional material must be reinforced. In comparison with the extent of
getting cold due to models, a mortar with the strut under the gun barrel becomes cooler than one with no strut.
The thermal deformation at firing becomes different. According to the configuration of mortar and its inside
diameter, the extent of getting cold becomes different. This study result can be effectively applied for improving

the efficiency of the heat transfer of mortar.
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Fig. 1 Configurations of models

Table 1 Material property

Young's Modulus(GPa) 96
Poisson's Ratio 0.36
Density(kg/mm?®) 4.62x107°

Tensile Yield Strength(MPa) 930
Compressive Yield Strength(MPa) 930
Tensile Ultimate Strength(MPa) 1070
Compressive Ultimate Strength(MPa) 0
Coefficient of Thermal Expansion(C™")| 9.4x 1076

Table 2 Nodes and elements at models

Model Nodes Elements
Model 1 23997 11439
Model 2 23326 11266
Model 3 18076 8679
Model 4 27062 12791
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A: Model Steady-State Thermal
Ternperature

Type: Temperature

Unit: *C

Time: 1

40183 Max
250632
31742
27522
222.02
10081
14861 p
10641
84,202

22 Min

(a) Model 1

E: Model 2. Steady-State Thermal
Termnperature
Type: Temperature

Unit: =C

Tirne: 1
40261 Max
28032
218.02
275.74
23345
10116
14887
10558
o4.29
22 Min

(b) Model 2

I: Model 3, Steady-State Thermal
Temperature

Type: Ternperature

Unit: *C

Tirme: 1
408.76 Max
2683.70
22281
270.84
23687
19329
15093
107 96 3
B4 085

22,013 Min

(c) Model 3

M: Model 4, Steady-State Thermal
Temnperature
Type: Temperature

unit: =C

Time: 1
400 Max
258
31&
274.01
232.01
190.01
148.01
106.01
54.014
22,016 Min

(d) Model 4

Fig. 2 Temperature of models at steady state
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D: Maodel Static Structural 3
Total Defarrnation
Type: Total Deformation

B: Model, Static Structural
Total Deformation

Unit: rm Type: Total Deformation
Time: 1000 Unit: mrn
Time: 1

0.84449 Max

0.75066 1.1428 Max

0.65883 10158

056298 088885 R

046916 078187

0.3¥533 083489

0.2815 250791

018766 028004

0.093832 025306

0 Min 012608

0 Min

(a) Model 1

H: Model 2, Static Structural
Total Deformation
Type: Total Deformation

(a) Model 1

G: Model 2, Static Structural 2
Total Deformation

Unit: mrm Type: Total Deforrnation
Tirne: 1000 Unit: mm
Time: 1

0.5671 Max

0.50400 0.5671 Max

0.44108 0.50400

0.37807 0.44108 £

0.31506 0.37807 O

0.25204 0.31506

0.18903 025204

012802 0.18903

0.063011 0.12602

O Min 0.063011

0 Min

(b) Model 2

L: Model 3, Static Structural
Total Defarmation
Type: Total Deforrnation

(b) Model 2

J: Model 2, Static Structural 2
Total Deformation

Unit: rarn Type: Total Deformation
Time: 1000 Unit: rmrn
Tirme: 1

0.33779 Max

0.31804 P 0.8404 Max

027828 - 0.74702

0.23853 065354 o

0.19877 0.56026

015902 046689

011028 037351

0.07951 028013

0039755 Q18675

0 Min 0.093377

0 Min
(c) Model 3

P: Model 4, Static Structural
Total Deformation
Type: Total Deformation

(c) Model 3

M: Model 4, Static Structural 2
Total Deformation

Unit: mm Type: Total Deformation
Tirme: 1000 Unit: mm
Tirne: 1
0.94974 Max
084421 10727 Max
073869 005248
062316 08343
052763 071511
042211 0.59593
0.31658 047674
0.21105 0.35758
010553 0.23827
0 Min 011919
0 Min

(d) Model 4

(d) Model 4

Fig. 3 Total deformations of models after 1000sec

at transient state Fig. 4 Total deformations of models at initial state
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D: Model, Static Structural 3
Equivalent Stress

Type: Equivalent (won-Mises) Stress
Unit: MPa

Tirne: 1000

74.138 Max
85.901
57.663
48425
41.188
32.95
24713
16475

8.2376 L= 5N
2.0179-7 Min

(a) Model 1

H: Model 2, Static Structural
Equiwvalent Stress
Type: Equivalent (ron-Mises) Stress

Unit: MPa

Tirne: 1000
20102 Max
178.69
156.35
134.01
111.68
89343
&7 007
44,671
22.338
1.2947e-6 Min

(b) Model 2

L: Model 3, Stati Structural
Equivalent Stress

Type: Equivalent (wvon-Mises) Stress
Unit: MPa

Tirne: 1000

63.807 Max
56.717

49627

42.538

35448

28.258

21.269

14179

7.0806
7.2802e-6 Min

(c) Model 3

P: Model 4, Static Structural
Eguivalent Stress

Type: Equivalent (won-Mises) Stress
Unit: MPa
Time: 1000

24.297 Max
21.597
18.897
16198
13498
10799
8.0989
5.3993
2.6997
4.5332e-5 Min

(d) Model 4

Fig. 5 Equivalent stresses of models after 1000sec

at transient state
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B: Maodel, Static Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Tirne: 1

75.441 Max
&7.058

58675

50204

41.011

33.529

25.147

16765

83823
1.476%-7 Min

(a) Model 1

G: Model 2, Static Structural 2
Equivalent Stress

Type: Equivalent fwon-Mises) Stress
Unit: pPa
Tirme: 1

201.02 Max
178.69
156.35
124.01
111.68
80343
B7 007
44671
22336
1.2917e-6 Min

(b) Model 2

J: Model 3, Static Structural 2
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

148.51 Max
laz.01

115.51

90.008

82.506

66,005

40,504

33.003

16,501
8.0836e-6 Min

(c) Model 3

N: Model 4, Static Structural 2
Equivalent Stress

Type: Equivalent (won-Mises) Stress
Unit: MP 2
Tirne: 1

43.015 Max
38.235
33456
28,877
23.807
19.118
14.238
9.5589
47795
4.4298e-5 Min

(d) Model 4

Fig. 6 Equivalent stresses of models at initial state
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C: Model Transient Thermal 2
Temperature

Type: Ternperature

Unit: *C

Tirne: 1000
275.89 Max
247 568
21947
191.26
162.05
134 .84
106.632
Fe421
5021
22 Min

(a) Model 1

F: Model 2, Transient Thermal
Ternperature
Type Temperature

Unit: =C

Time: 1000
194.87 Max
175.60
15645
137.25
118.04
98 831
Fo.e23
B0.415
41208
22 Min

(b) Model 2

K: Model 2, Transient Thermal
Ternperature
Type: Temperature
Unit: °C
Tirne: 1000

125.67 Max

114.15

102.63

91115

79598

88081

565564

453047

2252

22,013 Min

(c) Model 3

O: Model 4, Transient Thermal
Temperature

Type: Ternperature

Unit: =C
Tirne: 1000

340.48 Max
305.09
260.71
23433
18804
163.56
12817
92 786
57.401
22.016 Min

(d) Model 4

Fig. 7 Temperatures of models after 1000sec
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Fig. 8 Maximum temperatures due to
times at transient state
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