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M easurem ent of Them alphysical Properties of Thermal Sforage
MaterialsW ith an AdiabaticW ater Bath Calorm eter

Zhang Yj WengWen Liudg WangKuan

(School of Pow er Engineering NanjingN omalUniversity Nanjing 210042 China)

Abstract An adiabatic water bath cabrineter was constructed to measure specific heat and fus bn heat of m aterials
M odels and experi ental method were provided o calbrate paran eters and accuracy of the cabrineter Heat capacity
stirring pov er and heat release of the cabrm eterw ere calbrated by experments Specific heats of copper and w ater at
three temperatures and fus bn heats of ice and paraffin w erem easured by the cabrin eter Resulis given by the cabrin—
eter go wellw ith reference valies The calormeter provides a convenientm ethod and accurate experin ental results for
m easurement of them alphysical properties of them al energy storage m ate rials
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A's a result of exiensive research in themal energy storage more and more themal energy storage materials
are exp bred for various hemal energy storage usages Specific heat and fuson heat are i portant param eters for
evaliating perfom ance and application fels of a them al enegy storagematerial M easuram ent of these themat
physical pwoperties is a prelin nary wotk for he study of a them al energy storage material

V arbus methods can be used to measure specific heat and fusion heat of a material such as the blend ng
method the ad abatc method the canparison m ehod the pulse method and the DSC method Each of these
methods can be used only within proper range of temperature and to appropriate materals The adiabatic water
bath calorin eter has the merits of smple confguration and high accuracy. It can be used to measure themat
physical poperties of a materialw ithin the tem perature of 0C — 100C, while them aterial has no chem ical and
physical reaction w ith w ater

W ater bath cabrin eter can be diviled into single bath method " *', v in bath method ¥ and temperature
history method . The single bath calorin eter needs to calbrate heat capacity and heat release of the calorme-
ter and power of the bath stirer L iX iaoyan et al ' used this kind of calorieter tom easure the specific heat

and fisbn heatofam ixture canposed of caprylic acid and capric acid H eat capacity and heat release of the cat
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ormeter were calbrated smultaneousl. No stirerwas used in their calormeter so the water bath couldn’ t get
a unifom temperature fied H iroyuk iKumano et al ' measured fusion heat of ice i varbus aqueous solitbns
wih a single bath calormeter equpped w ith a magnetic stirrer Butheat release of the cabrimeter and power of
he stirrer w ere not considered n theirmodels

A single bath cabrimeterwas constucted n this sudy M odels to calculate the hemalphysical properties of
materials and paran eters of the calormeterwere proviled The param eters of the calormeter such as heat capac+

ty, heat release and stiring power were calbrated Themal poperties of sane materials were expermentally

m easured

1 Expermentalm ethod

An adiabatr single bath cabrin eter which
is shown n Fig L was constructed to measure —pc— DG,
hemal properties ofmaterials F xed mass water — KEH ‘ N
(1000.00 g) was phced n the Dewar vessel —

The material was mm erged n the water The

thermometer

to Agilent 34970A ————
data logger ]

stiring systen was used to get a themal equilb-

rium in the water and bew een the water and the

material Thewaterwas heated to an approprate
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temperature The temperature field n the Dewar

vesselwas hanogenized by the stirrer after heat
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serbes the them al balance of this process

measured m aterial the follow ng equaton de- 1
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Co(b—t)+men(ti— ) +mey(b— t)+ t
2T stier
mL=P, AT, + P, AT,— OAT,, (1) e
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Tenperatures of thewater and the suround-
. Fig.1 Schematic diagram of the single bath calorimeter
ngs were measured by K type themocoup les

The temperatureswere used to calculate heat release of the cabrimeter The themocouples were connected to
Agilent 34 970A data logger The accuracy of the data logger systan was 0. 1C. The tenperature ncrease of
the bath, ie (-1t ) nEq (1), wasmeasured by Beckmann themmameter W ith a20 tines read ng glass

he accuracy of Beckmann themaneterwas £0.001C. An electric stopw atch w ith an accuracy of 0. 01 s was
used to measure heating ting stirrng tm e and heat release tme A D26/1- W type powermeterw ih accuracy
of £0.%% was enpbyed to detem ne the heatng pover of the heater The accuracy of the balance used to

measure the mass of the water and m easured materialwas $0.01 g

2 Results and discussions

2.1 Paraneters of the calormeter
H eat capacity heat release and stirring pow er of the cabrim eter shoud be calbrated by experments pre lim—
nary The mass of water n the Dewar vesselwas fixed to 1 000. 00 g at each experment First the fxed mass
water at wan temperature was put nto the vessel Thewaterwas heated to get a slght ten perature ncrease ( a
bout 1'C). Because the tenperature d ifference betw een the bath and the suround ings was small heat release of
the bath can be neglected n this case The stirerw as elecirified a short tme ( 20s) at the end of heatng st for
he hanogenization of the temperature field n the bath This pocess can be denoted by the follow ng equation
Co(tb— 1) =Py AT + P, AT, (2)
Then the cabrm eterwas charged w ih water at wan tenperaure again W ith the stirrer electrified for long
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tme ( 3600s), thewaterwould be heated by stirring power The waterwas still heated to get a slight temperature
ncrease The voliage of stirer motor was kept at constant so the stirrng powerwas the sane at each expert
ment This heatng process can be expressed as Eq ( 3).
Co(t—t) =P AT, (3)
Heat capacity of the cabrmeter and stirrng power of he stirrer can be obtaned by an iterative calculatbn
wih Eq (2) and Eq (3). At the begnning of the iterative process the stiring power n Eq (2) was set o 0
J/kg Table 1 shows the results of the calcuhtbn These experments were perfomed 5 tmes Table 1 also
shows standard deviation of these paran eters H eat capacity of the calormeterwas extrapolated to 0C for con-
venience The heat capacity is mostly affected by the tan perature ofwater so it should be calibrated when ten—

perature of the water deviates fran 0C.

Table 1 Experin ental results of heat capacity and stirring pow er

Param eter Valie Standard d eviation
C,/(J/kg at0C) 5594.67 5. 83
p N 0. 249 0 002
* Stndand dev tion £, = L > e-£)2.

1

P

The waterwas heated to about 90C tom easure heat release of he calormeter The temperature of the
water decreased gradually because of heat release The tenperatures of thew ater and the surroundings were bg-
ged by the themocouples The tanperature decranent of the w aterw as still acquired by B eckm ann them am eter
Heat release of the cabrmeter can be obtained by the folbw.

O=Cy(ti— n). (4) 12 )
Heat release calculated by Eq (4) was at amean 10 + experiment /
temperature difference whrh could be obtaned by the <z 8 — related curve //
hemocouples H eat release atvariousm ean temperalure E 6 //‘/
differences coull be achieved The heat release and = 4 //"
mean tan perature d ifference can be related as Eq (' 5). 2 rr’,’_(("/
P=jf(Ar). (5) % 10 20 30 40 50 60 70 80

Fig 2 is the expermental results of heat release of OGRS SNEw0s:S

Fig.2 Experimental results and related curve of heat

the calormeter and the related heat release curve Eg ,
release of the calorimeter

(6) is related heat release functon H eat release n Eqg
(1) can be calculated by Eq ( 6) with a measured mean tem perature d ifference
®=(2125%10 "Af - 6.296x 107 At+ 1.792x 1077 ) At (6)
2.2 Resulis ofmeasuran ent of specific heat
The calorin eter was used to water and copper respectively as exanples form easurement of specific heats of
lqud and sold When there & no phase change taking place in the measured material the specific heat can be
calcubted by Eq (7).
Co(bb—t)+me,(b— 4)=P, ATy + P, AT,— OAT, (7)
Specific heats of water and copperw eremeasured at different temperatures Table 2 shows the expermental
results Reference values of these specific heats are also shown n Table 2 It can be found fran the table that
the calorineter can give satisfying results of specific heat of lqui and solid m aterials
2.3 Resulis ofmeasuren ent of fisbn heat
Fusbn heats of ice and paraffin were measured with the calormeter Ice has a fixed melting pont 1 e
0C. Ice at tenperature of~ 10. 8C was prepared. The temperature of the water n the calormeterwas 1. 3C.
Specific heats of ice and waterwere provided w ith reference valies The fusion heat of ice can be calcu lated by

Eq (1). The expermental result is shown in table 3 aswell as the reference valie
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Table2 Specific heats of w ater and copper at som e ten pera tures

T enperature /

Experm ental

Specific heat capacity /

M aterial C valies J/(kK) Relative emor %
Reference valied & 9!
W ater 12. 8 4170. 2 4 188. 76 - 0. 44
40. 1 4164. 38 4 174. 00 -0.23
70. 2 4179. 71 4187. 16 -0.18
Copper 12. 1 374. 35 378. 80 - 117
40. 7 382. 27 385. 24 -0.77
69. 5 378. 47 391. 72 3.38

Paraffin is am xure of alkanes whose fusbn takes phcew ithin a range of tanperature Themelting pont
and cloud point of paraffin are affected by the kind of alkanes which m ake up of the paraffin and canponents of
the akanes Fuspn heatofa paraffin provided by Daqing petrochem ical Ca Ltd wasmeasured by the calorme-
ter expermentall.  In each heating process durng the experment the tenperature ncrease of the bath was con-
trolled to about 1'C. Specific heats of he paraffin can be obtaned by Eq (7). The expermental resulis are
shown n Fig 3.

o peak—p

* Experiment
DSC

J

Specific heat/(kJ/kgK)

10 20 30 40 50 60 70 80
Temperature difference/C

Fig.3 Experimental and DSC results of enthalpy of paraffin

Specific heats of the paraffin were alsom easured by a differential scanning cabrim eter for canparison. The
calormeter was a D ianond DSC provided by Petk nElmer Inc The scanning rate was 10C /mn Fi 3 shows
the scanning curve of the paraffin It can be found fiuom Fig 3 that there is o phase change process 1 e a
phase change and B phase change during the heating process Solid— liquil phase change takes place durnga
phase change The fuson heatof paraffn is defined as the heat absotbed durng this stage nan ely he heat ab-
sotbed fran A to B in Fig 3 The fusion heat of the paraffin can be obtaned by an integral calculation of the
DSC curve or sum of he experm ental results Table 3 disp lays the fisbn heat of the parafin measured by these
methods

Table3 Fusion heats of ice and para ffin

M aterial Fusion tem perature/C Fusion heat/( J/kg) R eference value ¥
Ice 0 333 322. 93 333 269.28
Paraffin 47. 93~ 63. 13(DC) 179 152.86(DSC)

47. 84— 62. 71( experinent) 173 422. 67 ( experi ent)

It can be found fran Table 3 that the single ad Bbatic bath cabrineter can give a good result of fusion heat
of ice But there exits an obvbus deviation beween resulis of fusbn heat of the parafin measured by DSC and
his experment The reason is thatwhen the paraffin was melied the liquid paraffin covered over the water
That leaded to thewater coulln’ t vaporize freely The heat release of he calormeterwas lower than hat caleu-
lated by Eq (6).
lease

So Eq (7) gave lower values of specific heat of he paraffin with higher valies of heat re-



Zhang Y1 et alM easurement of Them alphysical Properties of Them al Storage M aterialsW ith ...

3 Conclusion

An sngle adiabatic bath calorin eterwas constructed M odels to calibrate param eters of he calormeter and
to caleulate hemal propertes of measured materials were providled H eat capacily, heat release and stirring
power of he calorimeterwere calbrated by experments Specific heats of water and copper and fusion heats of
ice and paraffin were experinen tally measured The testmeasurements of water copper and icewere n good a
greementw ith the reference valies The experm ental results of parafiin deviated fran the DSC resu lts sam ewhat
The calormeter can give a satisfy ing results and a convenient method to measure them aphysicall poperties of

hemal energy storagem alerials
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