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EXPERIMENTAL STUDY OF LIQUID PHASE HEAT CAPACITY OF
DIMETHYL ETHER (DME) AND TRIETHYLENE GLYCOL (TEG)
SOLUTION

Kostyantyn Tumburkat, Igor Motovoy, Dmytro Ivchenko, Vitaly Zhelezny
Odessa National Academy of Food Technologies

One of the priority tasks in the development of modern refrigeration equipment is a
scientifically based choice of compressor oils. The issue of developing and selecting appropriate
brands of lubricants for certain refrigerants is complicated by the abundance and variety of the
requirements that are proposed to them. Therefore, in recent years, considerable interest has been
observed in the study of the thermodynamic properties of solutions of ozone-depleting refrigerants
in new compressor oils. However, there are still no experimental data on the caloric properties of
compressor oils and their solutions with refrigerants in the literature.

Heat capacity is one of the most important thermodynamic properties of the working fluids
and coolants, which determine the efficiency of production processes. However, currently published
methods to predict the heat capacity of mixed refrigerants and refrigerant / compressor oil solutions
(ROS) are insufficiently developed and require further improvement.

It should be stressed that prediction of thermodynamic properties of ROS is difficult for
several reasons. Firstly, there is no information on the composition of the compressor oil, which is a
trade secret of manufacturers. Secondly, in the literature there is only a small amount of available
information on critical (pseudocritical) parameters of thermally unstable compressor oils. These
difficulties can be avoided by studying of thermodynamic systems that simulate properties of the
ROS.

The main requirements to the substance that simulate properties of compressor oil are
following: the availability of information about critical parameters; low values of the vapor pressure
in the range of operating parameters of the refrigerating equipment; high molecular weight (the
proper value of molecular weight can be found in the literature); unlimited miscibility with the
refrigerant over a wide temperature range.

In this paper, we experimentally investigate the solution of dimethyl ether (DME CAS 115-
10-6) in triethylene glycol (TEG CAS 112-27-6)), which fully satisfies for the requirements for
«model» thermodynamic systems. The heat capacity of DME / TEG solutions was measured by the
direct heating method in a wide range of temperatures.

Schematic diagram of low temperature adiabatic calorimeter is shown in Figure 1. The
immersion type cryostat is a vacuum chamber 2 which is inserted into the dewar with liquid
nitrogen. The elements of calorimetric system 4 and the container with experimental sample 3 are
mounted inside the vacuum chamber 1. Radiation heat transfer is minimized by electrolytic silver
plating of the inner surface of the adiabatic screen 6 as well as by the polished aluminum foil
covering the outer surface of the container 4.

Experimental samples were loaded into a sealed container (volume 72 mL). Calorimetric
heater H, and resistance thermometer 5 are located inside the container 4. The container is made of
stainless steel. Micro valve 8 is located in the upper part of the container, and produce filling of the
container with experimental sample or heat-transfer gas (helium). Heat-transfer gas is used for
determination of the heat value of the calorimeter.
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Thus, all the elements of a calorimeter system encased in shell with approximately the same
temperature. Vacuum chamber 2 immersed in Dewar flask with liquid nitrogen is equipped with a
massive copper screen 10, which has a good thermal contact with the top of vacuum chamber 2.
This design of the vacuum chamber prevents radiation heat exchange between the calorimeter
system with external environment through the vacuum cables 11. The screens 13 are designed to
reduce radiation heat exchange between the liquid nitrogen and external environment.

The control of the heat exchange between the elements of an adiabatic system is carried out
using a copper-constantan differential thermocouples -AT;, AT, and ATs (Figure 1) with high
temperature sensitivity (20 40 mV-K™). To maintain adiabatic conditions is necessary to regulate
the temperature difference between the following elements: the container 4 with the sample - the
adiabatic screen 6 (differential thermocouple ATi, AT = 0); the container 4 with the sample -
temperature controlling ring 9 (differential thermocouple AT, AT = 0); temperature controlling ring
9 - external thermostating screen 7 (differential thermocouple AT3, AT > 0). The signal from each of
the differential thermocouple is input to the electronic proportional-integral-differential temperature
regulator VRT-2. The temperature regulator controls the voltage on the heater of corresponding
element of calorimetric system via the power amplifier. The signal of each of the thermocouples is
measured by precision multimeter with an interval in 6 seconds and transmitted to a computer for
further processing, displaying on the screen and saving the obtained experimental results.

To measure the temperature of the container 4 used a platinum resistance thermometer 5.
The measurement of the calorimeter temperature by resistance thermometer performed with
compensation method. Thus, the voltage drop on the thermometer and the resistance coil was
measured during the experiment. VVoltage drops is measured by digital multimeter Rigol DM3064.

Heater H, is located inside the container 4 and provides uniform of temperature distribution
in the inner volume of the container 4 with the sample.

The report presents experimental data on the heat capacity of dimethyl ether and triethylene
glycol, as well as data on the heat capacity of DME / TEG solutions in the temperature range 173 <
T < 320 K. The performed analysis shows that the increased uncertainty of the received heat
capacity data of the research objects does not exceed 0,45 %. Impurities of compressor oil
significantly affect the caloric properties of pure refrigerant. As the concentration of oil impurities
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Fig. 1 — The schematic diagram of low
temperature adiabatic calorimeter

56



increases, the heat capacity increases significantly. These circumstances must be taken into account
in the theoretical evaluation of the prospects of alternative refrigerants.

PA3PABOTKA CXEM U KOHCTPYKIIMA ABCOPBIIMOHHBIX
BOJOAMMMAYHLIX XOJOAUJIBHBIX MAIIUH /151 PABOTHI B
CUCTEMAX ITOJIYYEHUSA BOJAbI U3 ATMOC®EPHOI'O BO31YXA

Ocanuyk E.A., cT. npenogaBarens, Anamoaen /.b, acnupaunr, I'o:xkenos /L.I1., nunxkenep
Onpecckasi HAMMOHAJIbHAS AKAJEeMHUS MUIEBBIX TEXHOJIOT M

Oxkono 70 mpoLEHTOB MOBEPXHOCTH 3E€MHOIO IIapa IOKPHITO BOAOM, oAHako Ha 97,5
MPOLIEHTA OHA COCTOMT U3 CoJIeHOW BoJbl. OcTtaBuinecs 2,5 MpOLEHTa NPUXOAATCS Ha MPECHYIO
BOJly, TIOYTH JIBE TPETH KOTOPOW HAXOJUTCS B 3aMOPO’KEHHOM COCTOSIHUM B JIEHUKOBBIX IIATKaX.
Mexnay TeM, OCHOBHAsl 4acTh MPECHOM BOJIbI HAXOAUTCS B 1 KusiomeTpoBoM cioe arMmocdepsl. [1o
JaHHBIM paboThl [1] cpemHsis aOCOMIOTHAs BIAXKHOCTH OJNM3 3€MHOM TMOBEPXHOCTH COCTABIISET
111/™%, aB TPONMYECKUX PETMOHAX OHA JOXOIUT 10 25 r/m® 1 BeIme. BosbIoe KomMYecTBo CTpaH
TPOIHMUYECKOTr0 Iosica CTpajgaeT OT OTCYTCTBUS MPECHOM BObI, XOTS €€ coAepxkaHue B aTMocdepe
BECbMa 3HAYUTEIIBHO.

[ToaToMy onHOW W3 BaKHEWIIMX 3aJay SBISETCS Pa3BUTEE TEXHOJOTUN TMO3BOJSIONINX
U3BJIEKATh BOAY U3 BO3yXa, IPUYEM HEMOCPEACTBEHHO Ha MECTE, [JIe OHA HEOOXOUMA.

C npeBHUX BpEMEH MPECHYIO BOAY, B OYCHb OTPAHMUEHHBIX KOJMYECTBAX, MOIyYalld MyTeM
cOopa CKOHJICHCHPOBAHHBIX Kamlelb W3 BO3AyXa B pe3yJdbTaTe EeCTECTBEHHOIO CYTOYHOTO
pPaAMallMOHHOTO OXJIAXKACHUS 3E€MHON MOBEPXHOCTH (OXJaXKICHHE B HOYHOE BpEMSI IMOPUCTHIX
KaMHel ¢ oOpasoBanueM pocbl). I[Ipu nonmwxkenum temneparypel Ha 10-15°C u3 kaxzmoro
KyOMueckoro merpa MoxHO BelIenauTh 10—14 r Boasl. s nosbienus 3¢ (GeKTUBHOCTH Mpoliecca
KOHJIGHCAIIUM TIapa BOJABI B 3THUX YCIOBHMAX HCIHOJB3YIOT WHTCHCU(UIUPYIOIIUE SIIEMEHTH —
XOJIOOAKKYMYIIATOPHI  (I1Ie0€HB), TEIJIOBBIE TPYOBI, oOecleunBaroIIke Tepenady Teria Ha
3HAYUTENIbHBIE PACCTOSHUS U CHUCTEeMY COpPOEHTOB, padOTAOMIMX B IHMKINYECKOM pEKUME
«3apsAIKu-paspaaKm» [2].

Kak moxa3piBaeT MpakTHKa, HAHOOJNBIIME TEPCIEKTUBBI HWMEIOT METOJbl, CBS3aHHBIE C
paboToii reHepaTOPOB UCKYCCTBEHHOTO XO0JI0/Ia — XOJIOAWIBHBIX MAllllH, KOTOPbIE TapaHTUPOBAHO
o0ecreYnBaloT TEMIIEPATyPy BO3TYLUIHOTO IIOTOKA HIXKE TEMIIEPATYPhl TOUKH POCHI.

W3 Bcero cmekTpa XOJOAWIbHBIX MAalldH aOCOPOLIMOHHOIO TUIA M PE3YyIbTAaTOB aHAIU3a
HHEPreTUUECKUX XapaKTEPUCTHK LIMKIOB a0COPOIMOHHBIX BOJ0AMMUAYHBIX XOJIOAUIBHBIX MaIluH
(ABXM), a Takxe € y4eTOM MpPOCTOTHI KOHCTPYKIIMHM M cloco0a peanu3aluu A JalbHenIen
pa3paboTku ObUT BBIOpaH BapuaHT TpaaulmoHHoW ABXM ¢ TemnooOMEHHHUKOM pacTBOPOB U C
OycTep-KOMIIPeccopoM Ha MarucTpajy MojJa4yu napa aMMuaka B KonjaeHcarop (puc. 1).

Pa6ora ABXM c 6ycTep-KOMIIpeccopoM OCYIIECTBIISIETCS CIEAYIOIUM 00pa3oM.

B reneparop napa 1 mogaercs TeruioBas Harpyska, Hampumep, Harpetbii B cucreme CK
TETMJIOHOCHUTETTb.

Harperast Bojga, mMpKyaupyro MO TEIJIO0OOMEHHBIM BHYTPEHHHMM TpyOKaMm TeHeparopa 2,
nepeaeT TEeIo «KpenkomMy» Bojgoammuadnomy pactsopy (BAP). U3 sxunkoro BAP npu naBnenun
Pr BbImapuBaercs NpeuMyIECTBEHHO JIETKOKHUIIALINI KOMIOHEHT-aMMHUAaK C HEKOTOPBIMU YacCTAMU
abcopOenTa-Boapl. OOenHeHHbI Mo ammuaky BAP — «cmaOwiity BAP, umeromuii 60mbIryro
IUIOTHOCTh, MEPEMEILAETCsl B HIDKHIOI 4acTbh IeHepaTtopa 1, a mapoBasi BOoJOoaMMHa4Has CMECh
MOJIHMMAETCs B BEPXHIOIO YacTh reHeparopa 1. B BepxHeil yacTu renepaTopa NpOUCXOAUT OYHCTKA
[IapOBOIl CMECH 3a CUET PA3HOCTU HOPMAJBHBIX TEMIEPATyp KUIEHHUS BOJABI U aMMHAaKa IyTEM
peKkTHUKaIK U JedIermaiuu.
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