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Energe&cal*approach*of*wet*agglomera&on*process**
methodology*and*measurements*

Eric*RONDET*1,*Maxence*DENAVAUT*2,*Sandra*MANDATO*2,*Agnès*DURI*2*&*Bernard*CUQ*2*

1"UMR"QUALISUD"–"CIRAD"/"UM1"/"UM2"/"SupAgro"–"Laboratoire"Physique"Moléculaire"et"Structurale,"15"avenue"Charles"Flahaut,"Montpellier"cedex"5."
2"UMR"IATE"L"INRA"/"SupAgro"/"UM2"/"CIRAD"–"2"place"Viala,"34060"Montpellier."

Introduc2on*&*objec2ves*
The" study" of" the" evoluTon" of" power" consumpTon" during" wet" agglomeraTon" has" been" widely" used" to" characterize" the" evoluTon" of" agglomerates" properTes" [1," 2," 3]."
Nevertheless,"despite"the"environmental*and*economic*pressures,"no"study"aims"in"exactly"quanTfy"the"energy"consumpTon"related"to"the"agglomeraTon"process"with"the"
objecTve"to"reduce*it."
The"aim"of"this"work"is"thus"to"determine"the"power*consumed*by*the*agglomera&on*process*of"semolina"in"couscous"grains."In"that"way,"mixing"was"broken"down"into"three"
phases"in"order"to"idenTfy"the"energy"consumpTon"of"each"aspect"of"agglomeraTon"process:"(i)"blade"rotaTon,"(ii)"transport"of"granular"material"and"(iii)"agglomeraTon."Our"
study"a`empts"to"follow*the*evolu&on*of*the*energy*consump&on*of*a*mixer*according*to*its*process*condi&ons:"blade"rotaTon"speed,"mass"load,"and"water"content"of"the"
mixed"product."
"

Methods*&*experimental*approachs*

  

PE = PM(blade) + DM(motor ) +DMg(motor )( )+DH(no load)

PE = PM(blade) + DM(motor ) +DMg(motor )( )+DH(motor ) + PM(load) +DH(load)( )

Electrical*input*power*to*
mix,*shear*and*displace*

the*dry*semolina*

PE = PM(blade) + DM(motor ) +DMg(motor )( )+DH(motor ) + PM(load) +DH(load)( )+ PM(cohesion) +DH(cohesion)( )

Electrical*input*
power*to*overcome*

cohesion**

PE :"Electric"input"power"
PM :"Mechanical"input"power"
DM :"Mechanical"dissipaTon"
DMg :"MagneTc"dissipaTon"
DH :"Heat"dissipaTon""

Results*and*discussions*
No*load*mixing*L"An"increase"of"the"rotaTon"speed"(from"70"to"90"rpm)"induces"a"slight"increase"
of"the"electric"input"power"."

Dry* load*mixing* L"An" increase"of" the"mass"of" the" inert" load" (from"1125g" to"2625g)" induces"an"
increase" of" the" instantaneous" electric" input" power," and" a" decrease" of" the" specific"mechanical"
energy"consumed"by"the"engine"(from"230"to"140J.kgL1)."

Wet* load* mixing" L" A" not" linear"
relaTonship" describes" the" effect" of"
water" content" on" the" increase" in"
e l e c t r i c" i npu t" power" ove r L
consumpTon" with" a" low" effect" of"
the" water" content" unTl" 35%" and"
then" a" rough" increase" beyond" 35%"
(figure" 2)." The" share" of" energy"
consumed" by" the" agglomeraTon"
process" largely" increases" (from" 8.8"
to" 26.6%)" when" water" content"
varies"between"22"and"42%."

!

E
le

ct
ri

c 
in

pu
t p

ow
er

 (W
) 

Electric input power (W) 

Water addition 

PM(load+water) 

Overconsumption related to  
homogenization and agglomeration 

Figure' 1* :* Typical* curve* of* the*
electrical* input* power* that* was*
r e c o r d e d* d u r i n g * m i x i n g*
experiments* under* no@load,* aBer*
semolina* addi2on,and* aBer* water*
addi2on.*
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Figure'2*:*Influence*of*water*content*on*the*electric*input*power*overconsump2on*due*to*the*
agglomera2on*process*during*mixing*of*semolina*aBer*water*addi2on*at*the*plateau*(blade*
rota2on*speed*:*70*rpm,*mass*load*:*1875*g)*

During* wet* agglomera&on* N* Energy" is" preferenTally" used" for" the"
rotaTon" of" the"mixing" blade." The" share" of" energy" necessary" to" the"
nonLcohesive" transport" of" the" load" decreases" with" increasing" water"
content." Energy" specifically" " consumed" to" overcome" the" cohesion"
increases"with"water"content"
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Figure' 3* :* Instant* yields* of* the* elements* cons2tu2ng* the* signal* according* to* water*
content*(blade*rota2on*speed:*70*rpm,*mass*load:*1875g)*

Great*possibili&es*in*term*of*op&miza&on*of*the*energy*consump&on*during*wet*agglomera&on*
process*(for*instance*for*couscous*processing).*

[1]*Collet,*R.,*2010.*Critères*de*malaxabilité*des*milieux*granulaires*humides.*PhD*Thesis.*Ecole*des*Mines*d’Albi*Carmaux.*173p.*[2]*Pietsch,*W.,*2002*Agglomera2on*Processes:*Phenomena,*Technologies,*Equipments.*John*Willey*VCH.*[3]*Rondet,*E.,*Delalonde,*M.,*Ruiz,*T.,*Desfours,*
J.P.,*2008.*Hydrotextural*and*dimensionnal*approach*for*characterising*wet*granular*media*agglomerated*by*kneading.*Chemical*Engineering*Research*an*Design,*86(6),*560@568.**

No*load*mixing""
L"No"load"
L"Influence"of"rotaTon"speed"
(70"L"90"rpm)"

Dry*load*mixing""
L"Durum"wheat"semolina"
L"Influence"of"mass"load"
(1125"L"2625"g)"

Wet*load*mixing""
L"Durum"wheat"semolina"&"water"
L"Influence"of"water"content"
(22"and"42%)"
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The*energy*necessary* to*shape*and*structure* the*hydrated*product*
only* represent* (at* the* maximum)* one* third* of* the* total* energy*
consumed*by*the*equipment.*

AgglomeraTon" is" carried" out" in" a"planetary*
mixer*(Kenwood"Major"1200),"equipped"with"
a"5"li`ers"fixed"bowl"and"a"rotaTng"K"blade."
The" measurement" o f" the" e lect r i c*
consump&on* is" conTnuously"carried"out"via"
a"wa`meter"(WATTCOM®)."

1."To"evaluate"the"energy"consumpTon"by"the"motor"for*noNload*mixing,"we"tested"different"
rotaTon"speeds"(70,"80,"and"90"rpm).""
2." To" evaluate" the" influence* of* the* mass* load* introduced" in" the" mixer" bowl," we" tested"
different"semolina"masses"(1125,"1875,"and"2625"g).""
3.*To"study"the"energy"consumpTon"of"the"agglomera&on*process*during"mixing,"water"was"
added"in"the"semolina"to"iniTate"the"agglomeraTon"mechanisms.""


