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Heat Transfer Analysis of Cylindrical Asphalt Specimen using DEM
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ABSTRACT

PURPOSES : Conductive and convective heat transfer simulations for an asphalt mixture were made by using discrete element method
(DEM) and similarity principle.

METHODS : In this research, virtual specimens composed of discrete element method particles were generated according to four different
predetermined particle size distribution curves. Temperature variations of the four different particles for a given condition were estimated and
were compared with measurements and analytical solutions.

RESULTS : The virtual specimen with mixed particles and with the smallest particle show very good agreement with laboratory test results
and analytical solutions. As particle size decreases, better heat transfer simulation can be performed due to smaller void ratio and more contact
points and areas. In addition, by utilizing the similarity principle of thermal properties and corresponding time unit, analytical time can be
drastically reduced.

CONCLUSIONS : It is concluded that the DEM asphalt mixture specimens with similarity principle could be used to predict the temperature
variation for a given condition. It is observed that the void ratio has critical effect on prediction of temperature variation. Comparing the
prediction for a 4 mm particle specimen with a mixed particle specimen, it is also concluded that predicting the mixed particle specimen
temperature is much more efficient considering the number of particles that are directly associated with computational time in DEM analysis.

Keywords
heat transfer, DEM, similarity principle, asphalt mixture, analytical solution

Corresponding Author : Yun, Taeyoung, Senior Researcher International Journal of Highway Engineering

Highway Research Division, Korea Institute of Construction Technology, http://www ksre.or.kr/

283, Goyangdae-ro, Ilsanseo-gu, Goyang-si, Gyeonggi-do, 10223, Korea ISSN 1738-7159 (print)

Tel : +82.31.910.0445 Fax:+82.31.910.0161 ISSN 2287-3678 (Online)

E-mail : tyun@kict.rekr Received May, 30,2017 Revised Jul. 20,2017 Accepted Jul, 25,2017

74 gl 2% _

1, A7HE ¥ 2X el d Qlom  o|& Buttlar and You(2001),

o8 AN E (DEM: discrete  Collope et al.(2004), Abbas et al.(2007)¢} Liu

)
=]

F A AR} 7|Hke] 22] and Cao.(2009) & W2 AFALE 2gte] 1 &0

a4 7 A BAY A Al digt dFe] 2o gt o] AFlA DEM2 F& RHEsSks E

oF ThoFet 35f wopoll A EushA AEEI St} 2 = Wedksol o3t ofATE FIHE ArAA L +

BofoA= =224 2= tfste] Chang and o A (crack propagation) = dhg HASH] ¢

Meegoda(1993)9] oJsto] 2 %=& DEM H&4H Ze&  dto] &&=l om #3393k (fracture mechanics)

ron

=z 285 =28 - Mli9d M4z 37



o] &5}z o] 2o A3 HERF(contact model)©]
J2 =AY x—ray CT E+ 3D laser scanner 5= ©]
sto] A9 A EAS Hrh AdA o s wgst=
grjo] AgH7|= stk g Ormel(2012), Chen
et al.(2012), Roussel and Coussot(2005) 52 %4
o] ArH OfATE FAYE TEY AFS HASH=
ol ofyzh, o] B Al Zﬂﬂ I 22 EEY
ofjo] R7EE7| o]AL] AEL wAFEY] €5kl DEM
E= HAAGAIYEH(CFD; computational fluid
dynamics)e 283 vl Qe o] ehrE7| o]Fof
gt A Autol A dojR|= FAo] SrE Al
Ao ZA, HiRly W F=9] i EAS f3aay
(FEM: finite element method)o|4t DEMS ©]-&5}
S5 9 o 2ol tigt A4 Ao +BE d5s
= 27 27o® &8 4 Sl=t, ol ©1%¢ DEM
23| kS 23R Atol|A AsiA] Xk 27 +f
o ‘ﬂ“}ﬂ crack initiation) 24 A9 4 = 2L

7t 2 4 Stk SHolA 11 ou)7t vl Aok dRbA
2l J__Ex} ShghEa o], 2y A7 24 w5
‘do] RIztetA Wslsl= Aol thsto] Aol 7]
o|He| AsZ AlFT 4= Q= O R HARSH] sl
Me Am7t EAshs 29 sl iE Awo
A (viscosity) oIt B8 (yield stress)] H3F7}
A E FgRFgolt %jé—EogJO] Zasjrt, e ofA
TE ZIEU AHE ZIgES e A4 A=
3719} ALEAF A 7o %% EALE 71 mak oy} 2

o 48 AE del= A 5 g AR ulfmne
o

oo olﬂ

1y

-

3o 2HE 5ol &fsto] Ay 3]-—‘: e F (trans1ent) RoA
o] ¥izle} o]of w2 A REA Q] MIRAE DEM =
CFD & o83 AsA 7o &-85Al= Eskal
k. o]yt A ZEY] EAlE & AR T8 v
(coarse graining method)olY AALAG o] &
(similarity principle) 53 o] 34 & Z4A]7|
A A2} 5 Aehe WHS 285t A = ol
=, & dtelAe HSH o2 2o mj$- Exwt &
Aol ehrE7] o]xo) ofAZE FAYEL] F4 W3}
BAe] AT olE& &3] flsked, 2o] HlaE
&3 Aol dmH o]F 0 ofATE FIYE T3hE
AT XA 0” q-]6]- /\T—}\]‘/ﬂ o]i_,] _Q. F,]-D}-/H i 7].
A FelstaAt sigie oS flsto] 47HA] YTt
£ 7Vd9 DEM AJHS &-85to] 97 2= 279 ut

r_>.ir

:Lolrjgr

£ AjE Y 2o WeE dj2algon, o 424
7 9 E4% df(analytical solution)E& ©|&3s}o AS
Blit=g

2. OARIE -E—EEIE
21, 2k Het =4 9
P27 R 3719 =9 %ﬂoﬂ
AZE FHYE AHY %
oy I AYS Foko] H
AdE] IR ol Fig. 14 2ol Xﬂé% = % 5.5%
o) 1T ofATE F3LEo] il-,g.g%\h;]. Yun and
2014). &= AHY WHel oF 225 FA9
| jﬂ{(thermocouple 7} A FAlat
A e mig 2 RREG o IR XAR
0.58%x0.565%1.0m, 3‘3:_157} £0.2C9Y
EN Standard Tester®] 27| o] &3l 228 =
Ask3itt, Fig. 12 Ao AMS-H 95F AlHT} EN
Standard TesterE& YEML 912H Fig, 2+ Fig. 1
E/nglr?;]- OE }.-:_0] ZL ;(]E' 2140_,] o]_/\.zJ—E
A2 E AH W A A (r, 2)llA, ARE ¢l o
2 2% T,(r,2,t)% H3ol| FFS nA= 245 U
BRI Qlot, AJHY 2= Al HY] 2ERT AU W

i
jines

Fig. 1 Cylindrical Specimen with Thermocouple in a
Temperature Conditioning Chamber
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Fig. 3 Particle Specimen Generation Process
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Table 2. Volumetric Properties Used in Adjusted Density of Particles

Diameter | Number of | Surface area of Volume of Mass of ag’\g?zZa?tfegr;en d Acgfzt;e:icr;asss Acljrzt:r?iccljeesnsity
(mm) | particles | particles (m’)@) | particles (m’)b) | particles(kg)(c) binder (kg)d) (kalle) (ka/m()
13 197 1045.93 (1.48%) | 0.0002266183 | 0.589207482 0.002335739 0.591543221 2,565
8 760 | 4035.06 (5.70%) | 0.0002037428 | 0.529731164 0.009010972 0.538742136 2,460
4 12,385 6575558 (92.82%)| 0.0004150253 | 1.079065867 0.146843266 1.225909133 1,847
Total 70836.56 (100%) |0.0008453861(g)| 2.198004514(h) 0.158189976 (i) 2.35619449
(c)=(b)x (i):2.35§kg—(h) (©=(CHd) (f)=)/)+d) / (i)x
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