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,\BSTRACT

A laboraloru cxpcriment *as carrie{l oLrt on c-vlindrical columns

.r.1.1,o(J \\lln L!nln! u.r,ri o. l.c' 'ln'L'iSa( 'nll''a'rrrrlr'r'il"
,.', i.'"r, .O ' ,i t.'n . ,e 'a'r on' d-rrng r-j m ne Jnd urF irrg \ea

ito.' ,l',....,... tnrt. ',,r pa'icl. 'ile l-r."' n5$.n''{la''rcd l''tl
i-* '.i" fn".' .drJ rnd \r.bx-i. cilLrr'o'F 'rnd] odm '^il''
fn,r,p.rutur". werc muasurcd al'rng Lhc v'nical dimension at thc center

oi tf,'. .,,if .o fuorn ,-.;ng coppcr-consianl lhermocouplt ivires and digital

,i .rlr1,*"*. 'l htrmaiconductivitie-<, dilJusivitics hcat !trpacitics Bcr'

l"l..i"i.o ,i,. hoih invesLigalod soils Also' valucs obtairod lirr

O"i.t,rir"O "rn 
parlicle sizc liaclions hcat capacities$cre comparcd

*iit .r1."1",.,f "'*. 
t 
" 

3 diiicrenl methods l\'loreovr:r- lolal and parlixl

",- ., : .' , .. i, I.. 'r 
lJrl:1,( rl ,-'iun' \'. . .,il(LrJ LJ' I c ell(c' 'l

,.-.-.: p.' '.1. /"r.c ' r': " h' If'''':r",'r lh' ''r " l''r
_ - 

i_t r. 10d.il thrl thc J'lennlfled iemPeralule ILrclrinionl \\ith

J.f:l 1.r ir; I,r!m! \3rd \Lril ar' h\!rr lhan li)r th' cal'areous sand)

f,,,i" .";1. ft "^,..,',,t"uni ihrr:h' llo$ r)lhcat along th' soil dePcnd\

o,, ,fr. ""p",.", 
..,,i .l-,,sjli :nd iii iiz' liiclion(- du' |o Lhc varialion in

th. tlrcmrill ..'nJ:rcli ii\''- -- 
i"*l ..r, glirrJ dndrrg 6 hours lrxlin{ $irhin thc upp'r 2{l cm

tor Nuhana c.Ll;rrlour rrrnrlr loam s'ril parlirle tiaciions ha!inq a\erage

ii"^"i" ,.1-:. :6r-i and i.59 mm and r'nid hcei lois during 6hours
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cooling linn dre upper 30 cenrirnetel! to the atrnosphere wcre higher thaD
thosc obtaifled for the corresponding iiactions obtained tbr Kassasin
loam1 sand soil. This response occurred taking into conslderaiion rhai
the fonner soil fraclions had lower apparent densities and higher CaCOr
conlents lhan the latfer ones.

Fractionared heat loss or gain occurred duling rhe flrst 1.5 hours
gencrally e\l1ibiled rhe hiehest yalucs and decreascd \\ ith the increase
in 1ime. lt was also noticcd tbr both loils particlc liactions that pa(ial or
tolal heat gain or loss gcnerali) incrcascd as panicle diametcr

l{e! wonb: canductitilie!, difusititiet. he,tt lk)tt processes . pdrtid
heat gait or lass , ,oil tenlperuture proliles. thenrul hedt
c.tpaciliet.

I. INTRODLCTION

It is rell knorvn !ha1 themal encrgy which reachcs the soil
surlace is sub.jecred o rel'lcction. absorption and conduction.
Conduciion accounts alnost e\clusi\cly ibr heal traDsmission irr the
soil. Generalll it decreases as heat cnergl penetralcr the seril The
speed wirh which heat is tran\ferred in the soil. up\ard (cooling) and
do\\nward (heatins). depends upon ihe erininq renlperaturc gradienls
and heal conducri\ it\ 0fthe soil.

The iherlllal condLlcti\ ir\ ol a porous nrateriai depends greaLh on
it\ \ohmetric d.nsit\. Il in.reaies as \olurnerrir ioiLd.nsil\ increascs.
ligenson. 1i951)i \a. $ljk (1961): D. \ries. li96:) and Llanplrell.
(1985). Semmel et al. (1990) siated thar hear cLrnduction and thermal
diflitsirity should increase rapidh as soon lts rh. dn soil pafticles are
surrounded b] 1\ater lilnr5 enlarriDg their contacl are . The f'ormation ol
walcr fillns depends on sLril qaler cotrcnt and marric porential. The
presence of \rater in rhe soil pores \lill lead to the applicati(nr ,rf
Fourier's law $,hich deals with mullidisciplina!- slsren1s_ Chuman and
Lal (1985) and Jury er dl ( l99l) fouDd that cla! soils had lo*er thcnnal
condu.tivil-v values than sandy soils at all levels of waler conientr.
l\'loreover. conducti\it], increased with increasing soil water conteni.
I his is erplained bv thc lact that thcrmal conductili4 of rhe air tiltxrg
pores is much less than thai offie solid coosrituonts. Hadas { t9il a
and b ) stated thaa thc thennal conducrivity of a soil deoends on
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2" MATERIAI,S AND ME'ITIODS

2.1. Experimental apparalus and procedure:
A laboratory experimcnt \\as canied Lrut ro in!ertiijrte

rcmperaaure distriburiors lbr tw. soil le\tures and three padicle size
fractions tbreach soil Ltndcr heating and cooling c\cles. An appa.atui
\\as cooslrucled lbrthis purpose, Fjgure tl). It.onsisis olinsulated ha.Ll
PVC (10 cln long, 10 cnr outsidc diamerer and 9.5 cm inside drdnrercr)
crlumn. heating unit, ice lank.: alunrinum discs t,+ Iocations for rhe
tlermocouple \1ires. and tcmperarure rnea:uring de\,ices. 'th. ourer
surface of tle qoil colulni $as insuiated br _r cn gl:rss,uool nrar to
guaranlcc hcat flow only in the \erlicel dir.ction. .1 heat source_ clcctrii:
J .- 1cdr.J. nr. p d-co ur 'F! upp(r...r i.c o: rl^ lr.r . um r,ur r,ri*.
Thc,.lianreter ol'rhc disc healcr !!as about 100 nrm and its poi\er is 100
\,\art (2:0 \olt.!rd l0 ampere). Thc po*er s{rp.ir{ied r!) fie hexrer \\"s
c rlroiled b) a \arlac bansformer. lt p.alides a controllabie conslant heat
llLr\ at thc toii olihc soil column. l_he eleclric po$.cr irput io ihe heatei
*,as neesurcd bl dn irFline digiral watrnreter (ac.u.ac1 L 0.59;). Each
o.r.,t'lr(dl :min.l , n,.!\ s. \ or rnd .,,,,r i,, . "nc,., JnJ Jri.i,nr,.
rlspecti\cl) The second alunrirLrm dirc xas placed at fic hortor ofthc
*'r'..ltr.r,ndrr..lrr iJ.LorL.., q,,h i.c n,...rni\r,....

Eichi .opper constanti0 calibrated tlermocouples, 0.4 mm ir
dialrieter- rtere inse.r€d i[side thc tesi mater;:ris at i. .entcl (rf the
colunln, f r.:ure (1). 10 meesur( soil tcmperalure a! eight J.pihs.
AddilionaL tir€rmocouple !!aj fi\ed ar the back of each aluntn.um disc
to rnca:ure its tcmperarure. l:urthrmlore. a grid of:j therfirorLruDles
sc-e oi.lr.h,t.d r"d,dl,\ I .d.:.r.o, ., l.r r ar.'. nq .r. le-.h., i,
srrlacc to be rure llat radial heal llLj\\ ii trearl\ clininatcd. Onc
th(, r..uupl( '. u.cd r.. r,ea.-rr i.,r,ljralr,r. . r ;..-*ar., r,r,r,re r,,
tfe ice lank thear sink) bcsi.i€ one ot t\\,o thennocouoles $as fired at
l'cu.rrer.ut dLCol h. P\r -ii ..umn q r.lcr're rnrr$a. I rd,r
the sudace of the insulaling pad !o lJalcularc radial hear loss. lhe
readings of the thermocouples \,rere taken by e diqiial thermometer
."c.urh(\ 0.1 L l

The toral rate of hcal generared hom the heater (q,) !,,,as
transmiticd by conduclion in \ertical and .adial ,:iireclions according n)
the followinll tirmula:



(l) !!C colulr

(6)2t radialpoinrs lor
i,c,rio.o!rle wies

(?) []cve. single !,oi,ri
llrc!.1.coxple rvirs

(8) A.C Vr:Lxr
(!)) Sele.ror $!ltches

(10J ari-qildl lhemoilelc.

1l:) 
^.C..hnete.

{15)lcc wa(.r mixlLrc
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9r= Q..'+ Q,: (r)

., = rotal herlLnpul, \\
d = \.niirl heat 1ln\1. \\'
q.. = radial hcat flus' \\

Due 10 ihe faci fia1 the maxilnum heat loss b) conduclion in the

."di"l ;;;;i"".-;.; ras about 0 05% olthe total hear input hq (l) is

re$ritteD ai folli\!s:

T.rhl.

(2)
= qq" = K,.A AI

Ar
=K"(l P)A AX

AT

Whcre: q..
K.

= Ve ical heat fblio$. \\'
-= lhemlal conducri!if- ofthe solid parlicles

\\ /m'C
' C....-t".tionul 

"r"u 
ofrhe soil column. rnr

= Temperahrrc dilfereDce "CAT
AX = Soilthickness, rn

P = Porosity, %

lfthe thermal conrluctiviry;f the air in the soit pores is taken into

consideration, Eq (1) can be rewritcn as foliolvs:' Af ar (j)
q, q., K,rl.PJA :* ' 

K"P^ Ax-
Where K = themal condudiviiy of an, 0161 cal'crn' "c' sec BHq

0e65).

2.2. Prepartlion atrd emlpis of soil senple:
-'__ _ 

RJoreseourive soil sarnples wete collected fiom t*o diJlerent

r."rrio"tii-uio "* a.pbs. iae firs soil sample was mllectcd lrom

i'*-t*J f-"-.t .*a *ii loc€t"d aI l0 EloE'eters wes o[ tsmailia ciry '

,.Jr 
"f 

-o#r.uri" 
d€sert mad The second soil qample was

;;i;; ft";-N"b"rl, celcateous sandy loam soil located at 40 km

.""t *""liai"t a*, d Cairo Alexand'ia desefi road: Soil samples

** rrtfrJ i*,r*cle sire di$ribulion ar de'cribed by Cee and

ffi;li;E6. o-,"r "z -a CaCo, % accordiog ro Page. t rq82)

,^-ii.f.- )ra buk deosities wert delermined and lotal poro)ilie5 \vere

.a"rf""a * d".*fb"a ty K lute. ( t986 )' Table ( I ) show' some physical

characlerisrics of dre cotlected soil samples'
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Table (l): Phlsical characteristics ofthe colltcted soil samples.

Kassasin loamy
sand soil

article size distribution
C.S '!. 64.40

20.00
3.70

11.90
1.90
0.85
1.51
2.65

40.75

1.560
0.189

1.70
73.10
I r0

11.10
36.2{l

1.33
2.50

46.80

0.747
0.111

CaCOI
o.1l
Bulk den\it!. g cm 3

Particle densitl, g cm -'

Porosit:, clc

Aggregate size distribution
NIWD rnm
GMD

Each air dr] soil samdc wirs placed or op ol a sori0\ ol sie\.cs

and :hakcn using vibr.rling shakcr, Klule, (193{i). -{ilcr -s ninutc-(
shaking pcriod. fic retainell lanlple on .ach sicvc and (in lhe hotLom pan

r., as *,cighed .rnd ils pcrcertage ol lhc lohl sitmplc $,eishl tas
delermined The pdlc.ntag. rcleinlrd on ca.h \icve was mulliplicd h\,

ihc aveEgc sicvc hole diameter calculated tiom a sjclc hoic and thc

Tlrcc parliclc ,rire lractir)ns wcre .hosen fol each one ol dre t\lo
invcstrgai.d s(rils. EacI farliclc fri.iiorr t',t' .r1.n \lrl.{l.rt 1[]5"c rnd
pacLed ir a colrmn rl appro\jmalrly cqual licld apparent dcn-(ilics.

Each c(jlumn $as r.plicatcil lhrcc times. Each colun1n urs subjcctcd to

h.dirs rhL-r cooling c!cles. During heaLing cycle- lempcralure

measurijmcnls \fere r.cordcd at i0 minutes inl€nals lormorr lhan 6

houh. Ih. h.at input ard hca! sink rere kcpl constant duritg thc

cxperincnl. During co,rling cycle. the po*er ii)r tho hcalcr was

lNilchcd o11. Th.n- ih. hcatc. and lhc adjacen! aluminum disc werc

remolcd liom rhc rop ol the soil columl]. Tcmperatures w€rc rccorded

al30 minures iniEnals lor more than 6 hours.

sandy loam soilSoil propertt

*
:!Ei,t
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3. RESULTS AND DTSCUSSION

Simullaneous heal llow paramelers $cre calculated 1ur lbe

invcsrigalcd soils using lhe ii)Imulae dcrived bv Ghunun a'rd l-al

(1985). Ther llrel
Lnk = 1l.02lt r -1.15E,

Ln a = 0.1-ll8 )i 7.887, ard

Leoidopt.r,

Dplga

Lnc
Where :

= -0.00-l r 1.071

k is rhe ficRnal conduclilily, mcal./s cm 'c;
a is Lhe ihemlal djllusi!ily- cmri s.;

c rs lhe thcrmal capacity. cal./g."c and

r is lhe sufi otsarld. sill and organic carbon in perccnlagcs'

Ghuman and Lal slaled that lhesc rcgression equations wcrc

dcduced at 0.1{l cmr clll I \rarcr conrcnt for \oils lary in le\lurc ftom

sandy loam to clay. Thc rcsults oblained lor lhe KiLssasin loiLm\ '\and

soil arc 1.39.16, 0-0t]:t5 and 0.2624 and lbr the Nubaria lcarct)u\ sandv

h,rm soil aic 1..1138. 0.0016 and 0.2620. rcspecli\'el!' Chunan and Ltl
( 1985) stated lhal Lhermal conduclivil! \'alucs for air dr) s(rils did nol

appreciably vary,0.70 to 0.60 mcal s cm ". lbr \andv and ciavev soils.

t..pccti,,ei1, a1 zero percenl !olumelric Mlercontent. The oblaincd k

ual,res also did not appreciabl) !ar!. therelbrc conlirming thcir

conclusion ahhough lhe ohiained ralucs arc elmos! twicc lheir valu$'

They also slatcd thal lbejr k \,aLue\ r.mendou\]y jncreuscd as sorl

moiiture conent incrcascd. ln Lhc mean !ime, a\ soil hulk densil)

decroased, the thcrmal conduclivitJ valut bccamc llrw
'lhd thermal capacilics ii)r both soils xerc cal.ulaled by 3

dill-erEnl meLhods: Mclhod 1 is used by applying lhe fonnuh o'
Ghuman and Lal (1985) as mcnlioncd belilre MeLhod 2 isusedb!

appl]ing the lormula C= k,'a prcsented b-v Geigur (1965) using fic
caiculaad vrlucs ol thermal conduclivil! (k) and thcrmal difiusivil} (a)

accoriling 10 thc cqualions SiveD by Ghuman and Lal (l 9E5 ) ' Mclhod l
is suggeited b.v Dc vries (1963) uslng thc iblli)*ing equalion: Cv- 0 '16

xm ; 0-6Ll xo + xw. \lhere xm, xo and Xw are the volumo fraclions

ol loil nrincrai maltcr, organic malter and walfi, respccli!'el) lhc
thcrmal capacities u'ere also determined and the obulned rcsull\ rr'
gn'cn in Tablc (2). lvlerhod 1 used to calculale eravi ctric or volun' ri''
ioil }ear capacity. Cs or Cv- proved lil be vcry close lo ihe ii!:"Trrxi:
valus lbr the Kassasin loamy sand soil, 0.262'1 and 0.'1110 r'!p"t:\ "'h '

Ilowevcr- method 2 is mo.c sllilahle to calculale soil h.aL .dF.''il) :rr

HeEipr.d

oCi!:g

Orttopr!

De.aoodr
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Nubaria calcreous sandy loam soii,0-2:i1+ and 0.1017. respectilel].
Ilic lo\r dermlined Cs \aluc obtainod for the latier soil conparjd to
the turmer rne is probablr- related to its high CaCOl9'0. lable (1).

To iaaluale ihe efFect oi soil paticle size fractions and calcium
carbonala coEtent on heat capacil\, colrparisirns \fere made benveen
detenn,red and calculatcd ratues. fable (2). fhe data i;learlv show tltat
J I L-.rl r(d \, \. u€. b' mcr'od are lrpher ll,ar. tlr. d.r.rmi.(d
ones-tvlrereas all cal.llaled Cs \alues b\ rnethod:l are lower than |hc
det,inined oncs. \lorco\er. the C\ \alues lbr the various padicle size
[rdions calcutated b\ metltod I or 3 fir the Kassesin ]oam\ sand roil
ar.hrglrer tha lhe .orresponding ones lirr thc \ubaria cal.arcoui sa dv
lo,m s.iil. lu the mean dmc. the deterrnined C \alues lor the lbrnrel soil
ar. higher rhan rhc d.termined (- \alucs tbr nrre hller one. Thc lride
litriatiors bctwecn neasured itnd calculeted C ralues led ro tIe
ug!!es(iLnr lhal the detemrilcd C !irlues t'or the \arious soil particlc size

/iaclons should be used. Nlore.ver. it is roticcd that as the diameter ol
particle size lracrion 1'.r'eithcr soil decreased the measured C ralues
ir!r*sed. lhc ajor contribulion oisolid pari;cles or soil heat capacil]-
is rclatcd tr. il\ appareni densiD bccause oI the iocreasc in C3COr
conaent. Tahle (ll. couid nol completel] dirninish lhe ircrease in C
\alLres 'Ihereforc. the hiqh bulk densiB of re loam\ sand soii. led f. irs
iigh C value and low k \alue. lhereforc. ras respoasible forthe iact
lhat it sullcrsd from extreme tcnperatures. On thc olhcr hand.
calcarcors soils are considored cold oncs. (leiger (1965). Ilence.
N!b^ria calcareous sand! loam soil C.K and bull densil ralucs shoLrld

The data obtained ii, soil iempei{Lrre profile during hcating
.lcle:or buth jili1i prn\cJ th,rt lhe pfer:0.m sLril dcpth \!as
su5i!pliblc ro lcnpcrarure a.cumuiati.rn \\ill lirne due lo rhe presencc
ofheat iourie or the rop ,ri{hc soil colum!. Figure t: ). Also. rhe lowcsl
l8 cm soii lal.r \\a: ms.eplible Io heal lLris witll time due to the

presen.e Df heai sLnk. Iiguris ( I and :). Ar thesc boundaries, the
variation in relltperalLrrc $es aroLrrd I'C. Consequenth. the
inlcnnEdiak 30 .ns ofthe nril $ere not allicled bY hear source or sink.

During cooling cl cle. thc larer erposed to temperature loss to the
alrnosphere rcached l0 cms for both solls. In thc mcan tine. the eflect
ofthe deep heat sjnk also e\lended lo lhe lowest 18 Cm.

Conccrning ihe detailed study on temperdture profiles for the
various soil particle siz€ fraclions within the tbrementioncd heating and
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rooling dept i\. rhc , hui,red re"uil. drc prE.cnr(d in tahlc.r4,\rndBr.
$hrch .l(rrtl -hos dutilc thr heatins .!Jte tJrat th. a\errg! i.It.Jl
lemperarures. T! h,,,,,. $ere 26.2. 20.5 and 2j.l"C lol K.rssasin loanrrv1d .^rl pad;!le .izr rr:rriur c hr, r,rS I. c.:re. .f .,n"r... ; r. l:. -. olirr.d - 't mn, (.pe..ti\e \ lhe d\.rar. f ),, ter,n(ratLrrc.. I ,bcc..n,e ,lU.l. "i.- d..d ):. r . r.\p(- ,.r, rt,. .,-.rr;. ,..rr",
tenlperatures 1br \ubaria calcareou\ sanJ\ loam ;oi1 panicle 

"izeliaclions ha\irg simitar diamcrcrs r rhe inremcnlioned on.. *.r" :;.:.
18.6 and :5 i. ,\l 6 hours rtrh: heatirp $cle. rh.se values becamc 4_i g:'o tr.l j l.' r-.Fl(.l.\e_.

During dre cooiins c\cle. a\erige l.rh..,lor Kassasin loanN.sand
soil paflicle size lractions $ere 1t.8. -10.J and -18.i"{.. ...pc.ii!ety.
Sulh \alrei decreased 10 -10.0,26 I and 10.8.C ar 6 hour:. respctn,cL.
ihe xritial \,alLEs obtained 1or Nubrria c.ricarDous sard\ loam so'ilpa,,clc..rrirrr.rsqer: r,8. t,,r,J r..S, ..p..,;,.r. .r...
lalues dccreased at 6 hours to 3i.8. i:l I and ji.f.C'tt \\as
inleresiingl] found fhal Nubaria calcareous sand\ loah total heat qained
during 6 hou.s per uram lorfie 1.i75. 1.6./j au,l t.59 mnr in rlrirrrcrer
na r,Jle - /e tru. t ur. \\ thr, rhrUplerluc(r rime(r\ dre .1,.-r. 

1.,1)
and I :. t,Ile.rretr. /"rh,. .-, Ihc -o.re.p,.ns 1. 1o,s. .

K^a.1t, t 1,km\ .anJ ". I pdrit. Je ,./( t:i(ttun a,. - .,-r. ,.1, 
",,0r 6.- .. r(\nL.r,\e -\ | h . r<.r,ll,nd c,re, l.r,r, \,ror-ra .nt. drc,,_. rnJ\

lJdrr ,^rl s rlt t"^hlDh o( un,l,c. rt,.. I\.,,j.iri ro". ) .,"" .,.i ;,-de) tim€. Howcver. under fiel{l condilion!. it should be erp;cted rhai
lhe rc\erse i-r true due to rhc high albedo lo:.NLrbaria calcarcons srnd\lc"rr ..tr lLncc. lrr \i u(. ol L,rt.J ,.. \,,Fc,,, c"t.".. . .;;Ji
1.r,r,.. rl l,.tzi 1..,t :rir.o dJ ;nq b jr, u.. hcd.,-:l f. ., i" ,.1ir,,".,
nr^ulJ h(-1.. hj , 1,.-i o.ot.,d j jr.et,l pc,;,.n, .., ,1.
iorementioned pa(icle size f.actiolrs. On rhe odrer hand. total hcar Ioss

I .a,i.(. du :I- h l..rr. p.r err., tur rt. t..re. Lrrt,.I.J nadi(te../rlrdil'Jn. ir. m rhe upD<r lU cn, ru IirL ,lIr..fr..re Lom \.brr.,
calcareous 

. 
loaml sand are .1.?0. l0.al and t0.8i. respectilel). I.he

cLrrresponding ',alues for Kassasin loamy sand soil partjcle size tiacthns
ar! ) ro n:8,nd c0: rc.oe r\ch flr.re.,re. r . anri{ip"ted lh.,r n.\.,bar vnJ\ l.am:;o,r {i,l \ uouler rhd- rrre K.r-zuin ,can r _r,0.,, l.
tr 'hou,d br NinrcJ out dLr \Lrba-ri3 J"rcxi.,u. -nJ, . ..r;pr:rl:.r.
fmctions had lorl-or apparent densitics and higher Ctilato. conlenrs rhan
the Kassasin soil paniclc size fractions_
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Partial heat gain or Ioss occurred during the lirsr 1.5 hours
generall] e*ribited rhc hiBhcsi values and gradual] dc.reased \\irh rhe
progrcss in timc. Table (5). ln this respecr. De Vrics (196j) Ghuman
and Lal t1981 and i982li E,renori. c/.rZ (i982) and Semmcl .7,/, oqu, La.eLl lhar ,LL Indsr 'lLJe o. .ur,nedt {orr{( rr rei(dn ctrn he.rJ r(dnr ',\-r r l($ n.urs, D.. i. r}Lall, .mJr Ir,..,r lr\ :.J o.^ tr
$d. al\. rr,Lre\rreh ru..r<d tJr bol, .o., panr... ,i,e r ,,. ,^" ,1.,
parlial dr !o1al heat -sair or loss seneralh ircrcased as paficles dia,neter
decreascd. Chunan and I_rl. (i985) stared rhai.la\ sojl hare Io*.
r'< mrl J.rrot.,r;'rt\ orr- , L t.. ....I de...tF dnd itri,.ug;..1, rt..r
thev noukt .\hiblr larger surface tc;rperature am p litLr des 

-c-ompared

*ilh loanr] orsand) Ioam soils underequal heal lluxdensilies.
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