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Abstrac t: An adiabatic wa ter bath ca lor im eter w as construc ted to m easure spec ific heat and fus ion heat of m a terials.

M odels and expe rim ental me thod w ere prov ided to calibrate param e ters and accuracy o f the ca lo rim ete r. H eat capac ity,

stirring pow er and heat release of the ca lo rim ete rw ere calibrated by exper im ents. Spec ific heats o f coppe r and w ate r at

three temperatures, and fus ion heats o f ice and pa ra ffin w erem easured by the ca lo rim eter. Resu lts g iven by the ca lor im-

e ter go w ellw ith reference va lues. The calor ime ter prov ides a convenient m ethod and accurate expe rim en tal resu lts for

m easurement o f therm alphysica l prope rties o f therm a l energy storagem ate rials.
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绝热式水浴量热计对蓄能材料性能参数的测量

张  奕,翁  雯,刘  佳,王  宽

(南京师范大学动力工程学院,江苏南京 210042)

[摘要 ]  设计了一套绝热式水浴量热计,用于对蓄能材料的比热容和相变潜热进行测量.提出了标定量热计热容、散热量和
搅拌器功率等参数的数学模型,通过实验对这些参数进行了标定.使用量热计对水和铜在 3个温度下的比热容,以及冰和石蜡

的相变潜热进行了测量,测量结果与这些参数的参考值很好地吻合.绝热式水浴量热计可以方便而准确地对蓄能材料的性能参

数进行测量.
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  A s a result o f extensive research in therma l energy storage, more and more therma l energy storage materials

are exp lored for various therma l energy storage usages. Spec ific heat and fusion heat are important parameters for

eva luating perform ance and application f ie lds of a therm al energy storagemateria.l M easurem ent of these therma-l

physical properties is a prelim inary wo rk for the study of a therm al energy storage materia.l

V arious methods can be used to measure specif ic heat and fusion heat of a materia,l such as the blend ing

method, the ad iabat ic method, the compar ison m ethod, the pulse method and the DSC method. Each o f these

methods can be used on ly w ithin proper range of temperature and to appropriate mater ia ls. The adiabatic w ater

bath calorim eter has the merits of simple configuration and high accuracy. It can be used to measure therma-l

physical properties of a materia lw ithin the temperature o f 0e - 100e , wh ile them aterial has no chem ica l and
physica l reaction w ith w ater.

W ater bath ca lorim eter can be div ided into sing le bath method
[ 1, 2 ]

, tw in bath method
[ 3, 4]

and temperature

histo ry method
[ 5-7]

. The sing le bath calorim eter needs to calibrate heat capac ity and heat release of the calorime-

ter, and pow er o f the bath st irrer. L iX iaoyan et a.l
[ 1]

used this k ind o f calorimeter tom easure the spec ific heat

and fusion heat o f am ixture composed of capry lic acid and capric ac id. H eat capacity and heat re lease o f the ca-l
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orimeter w ere ca librated simultaneously. No st irrer w as used in their calorimeter, so the w ater bath couldn. t get

a un iform temperature fie ld. H iroyuk iKumano et a.l
[ 2]
measured fusion heat of ice in various aqueous so lu tions

w ith a single bath ca lorimeter equ ipped w ith a magnetic stirrer. Bu t heat release o f the ca lor imeter and pow er of

the stirrer w ere not considered in theirmode ls.

A sing le bath ca lo rimeterw as constructed in this study. M odels to ca lculate the therma lphysical properties of

materials and param eters of the calorimeterw ere prov ided. The parameters o f the calorimeter such as heat capac-i

ty, heat release and st irring pow er were ca librated. Therma l properties of some materials w ere experimentally

measured.

1 Experimentalm ethod

An ad iabat ic sing le bath ca lorim eter, wh ich

is shown in Fig. 1, w as constructed to measure

therma l properties o fmaterials. F ixed mass w ater

( 1 000100 g) w as p laced in the Dew ar vesse.l

The materia l w as imm erged in the w ater. The

st irring system w as used to get a thermal equ ilib-

rium in the w ater and betw een the w ater and the

materia.l Thew aterw as heated to an appropr iate

temperature. The temperature field in the Dew ar

vesselw as homogen ized by the stirrer after hea-t

ing. In the case of fusion taking p lace in the

measured m ateria,l the fo llow ing equation de-

scribes the therm al balance of th is process.

Cb ( t2 - t1 ) +mcps ( tf- t1 ) +mcp l ( t2 - tf ) +

mL = Ph$Sh + P s$Ss- 5 $Sh r. ( 1)

Temperatures o f thew ater and the surround-

ing s w ere measured by K type thermocoup les.

The temperaturesw ere used to calcu late heat re lease o f the ca lo rimeter. The thermocouples w ere connected to

Ag ilent 34 970A data logger. The accuracy of the data logger system w as ? 011e . The temperature increase of
the ba th, .i e. ( t2 - t1 ) in Eq. ( 1) , w as measured by Beckmann thermometer. W ith a 20 t imes read ing g lass,

the accuracy of Beckmann thermome terw as ? 01001e . An electric stopw atch w ith an accuracy of ? 0101 s w as
used to measure heating time, stirring tim e and hea t release t ime. A D26 /1- W type powermeterw ith accuracy

of ? 015% was emp loyed to determ ine the heating pow er o f the heater. The accuracy of the balance used to

measure the mass of the w ater and measuredmaterialw as ? 0101 g.

2 Results and d iscussions

211 Parameters o f the ca lorimeter

  H eat capac ity, heat release and stirring pow er of the ca lorim eter shou ld be calibrated by experiments pre lim-

inary. The mass of wa ter in the Dew ar vesselw as fixed to 1 000100 g at each experimen.t F irs,t the fixed mass

w ater at room temperature w as put into the vesse.l Thew aterw as heated to get a slight temperature increase ( a-

bout 1e ). Because the temperature d ifference betw een the bath and the surround ings w as smal,l heat release of

the ba th can be neg lected in th is case. The stirrer w as electrified a short time ( 20s) at the end of heating just for

the homogenization o f the temperature field in the bath. Th is process can be denoted by the fo llow ing equation.

Cb ( t2 - t1 ) = P h$Sh + P s$Ss, ( 2)

Then the ca lorim eterw as charged w ith w ater at room temperature again. W ith the stirrer e lectrified fo r long

)32)

南京师范大学学报 (工程技术版 )                            第 9卷第 4期 ( 2009年 )



time ( 3600s) , thew aterwould be heated by stirring pow er. The wa terw as st ill heated to get a slight temperature

increase. The vo ltage of st irrer motor w as kept at constan,t so the stirring pow erw as the same at each exper-i

men.t Th is heating process can be expressed as Eq. ( 3).

Cb ( t2 - t1 ) c= P s$Sc, ( 3)

Heat capacity of the ca lo rimeter and stirring pow er of the stirrer can be obtained by an iterative calculat ion

w ith Eq. ( 2) and Eq. ( 3). A t the beg inn ing of the iterative process, the st irring pow er in Eq. ( 2) w as set to 0

J/kg. Table 1 show s the results o f the calcu lat ion. These experiments w ere performed 5 tim es. Table 1 also

show s standard dev iation o f these param eters. H eat capac ity of the calorimeterw as extrapo lated to 0e for con-

venience. The heat capacity is mostly a ffected by the temperature o fw ater, so it shou ld be calibrated when tem-

perature of the w ater deviates from 0e .
Table 1 Experim ental results of heat capacity and stirring pow er

Param eter Valu e S tandard d eviat ion

C
b
/ ( J /kg, at 0e ) 5 594167 5183

p
s
/W 01249 01002

  * S tandard dev iationE s =
1

n- 1E
n

i= 1

( E - �E ) 2 .

  The w aterw as heated to about 90e tomeasure heat release of the calorimeter. The temperature of the

w ater decreased gradua lly because of heat re lease. The temperatures o f thew ater and the surroundings w ere log-

ged by the thermocouples. The temperature decrement of thew aterw as still acquired by B eckmann thermometer.

Heat release of the ca lor imeter can be obtained by the fo llow.

5 = C b ( t1 - t2 ) . (4)

Heat re lease calcu lated by Eq. ( 4) w as at a mean

temperature difference w h ich cou ld be obta ined by the

thermocouples. H ea t release at variousm ean temperature

differences cou ld be achieved. The heat re lease and

mean temperature d ifference can be related as Eq. ( 5) .

5 = f ( $t ) . (5)

F ig. 2 is the experimenta l results o f heat release o f

the calorimeter and the re lated heat release curve. Eq.

( 6) is re lated heat release function. H eat re lease in Eq.

( 1) can be ca lculated by Eq. ( 6) w ith a measuredmean temperature d ifference.

5 = ( 21125 @ 10- 5
$t

2
- 61296 @ 10- 5

$t+ 11792 @ 10- 2
) $t . ( 6)

212 R esults o fmeasurem ent of specific heat
The calorimeter w as used to w ater and copper respect ively as examp les fo rm easurement o f spec ific heats of

liqu id and so lid. When there is no phase change taking place in themeasuredmateria,l the spec ific heat can be

calcu la ted by Eq. ( 7) .

C b ( t2 - t1 ) +mcp ( t2 - t1 ) = P h$Sh + P s$Ss - 5 $Shr. ( 7)

Specific heats ofw ater and copperw eremeasured at d ifferent temperatures. Table 2 show s the experimental

resu lts. Reference values o f these spec ific heats are also shown in T able 2. It can be found from the table that

the calorimeter can g ive satisfy ing results o f specif ic heat o f liqu id and solidm aterials.

213 R esults o fmeasurem ent of fusion heat
Fusion heats o f ice and paraffin w ere measured w ith the calorimeter. Ice has a fixed me lting po in,t .i e.

0e . Ice at temperature of- 1018e was prepared. The temperature of the w ater in the calorimeterw as 113e .
Specific heats of ice and w aterw ere prov ided w ith reference va lues. The fusion heat o f ice can be calcu lated by

Eq. ( 1) . The experimenta l result is show n in table 3 as w ell as the reference va lue.
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Table 2 Specific heats of w ater and copper a t som e tem pera tures

M aterial
T emperature /

e
Experim ental

values

Sp ecific heat capacity /

J / ( kgK )

Reference values[ 8, 9]
Relative error /%

Water 1218 4 170122 4 188176 - 0144

4011 4 164138 4 174100 - 0123
7012 4 179177 4 187116 - 0118

Copper 1211 374135 378180 - 1117

4017 382127 385124 - 0177

6915 378147 391172 3138

  Paraffin is am ix ture o f alkanes, whose fusion takes p lacew ith in a range o f temperature. Theme lt ing po int

and cloud point of paraffin are a ffected by the k ind of alkanes wh ichm ake up o f the paraffin and components of

the a lkanes. Fusion heat o f a paraffin prov ided by Daqing petrochem icalCo. L td. w asmeasured by the calorime-

ter experimentally. In each heat ing process dur ing the experimen,t the temperature increase o f the bath w as con-

tro lled to about 1e . Specific hea ts of the paraffin can be obta ined by Eq. ( 7) . The experimen tal resu lts are

shown in Fig. 3.

Specific heats of the paraffin w ere alsom easured by a differential scanning ca lorim eter for comparison. The

calorimeter w as a D iamond DSC prov ided by Perk inE lmer Inc. The scanning rate w as 10e /m in. F ig. 3 show s

the scann ing curve of the para ff in. It can be found from Fig. 3 that there is tw o phase change process, .i e. A

phase change and B phase change, during the heating process. Solid- liqu id phase change takes place during A

phase change. The fusion heat o f paraffin is defined as the heat absorbed during th is stage, nam ely the heat ab-

sorbed from A to B in Fig. 3. The fusion heat o f the paraffin can be obtained by an integ ral calcu lation of the

DSC curve or sum of the experim enta l resu lts. Table 3 d isp lays the fusion heat o f the para ff in measured by these

methods.

Table 3 Fusion hea ts of ice and para ffin

M aterial Fus ion tem peratu re/e Fus ion heat / ( J /kg) R eference value[ 9]

Ice 0 333 322193 333 269128

Paraff in 47193- 63113( DSC ) 179 152186 (DSC)

47184- 62171( experim en t) 173 422167 ( experim ent)

  It can be found from Table 3 that the sing le ad iabatic bath ca lo rimeter can give a good resu lt of fusion heat

of ice. But there ex its an obv ious dev iation betw een resu lts of fusion heat of the para ff in measured by DSC and

th is experimen.t The reason is that when the para ff in w as melted, the liquid paraffin covered over the w ater.

That leaded to thew ater cou ldn. t vaporize freely. The heat release of the calorimeterw as low er than that calcu-

lated by Eq. ( 6). So Eq. ( 7 ) gave low er values of spec ific heat o f the paraffin w ith h igher va lues o f heat re-

lease.
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3 Conclusion

An sing le ad iaba tic bath calorim eterw as constructed. M ode ls to calibrate parameters of the calorimeter and

to calcu late therma l propert ies o f measured materials w ere provided. H eat capacity, heat release and stirring

pow er of the calorimeterw ere ca librated by experimen ts. Specif ic heats of wa ter and copper, and fusion heats of

ice and para ff in w ere experimen tally measured. The testmeasuremen ts of w ater, copper and icew ere in good a-

greemen tw ith the reference va lues. The experim enta l resu lts o f para ff in dev iated from theDSC resu lts som ewha.t

The calorimeter can g ive a satisfy ing results and a conven ient method to measure thermaphysicall properties of

therma l energy sto ragem aterials.
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