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Introduction. The heating efficiency or regulation of the
operating temperature of the fluid located in the gauge tank
of a mobile pumping unit (PU) using the exhaust system of
the internal combustion engine (ICE) is studied. The paper
objective is to improve the design process and to reduce
costs of field experiments.

Materials and Methods. To solve this problem, numerical
analysis methods were used when calculating the heating
systems of the gauge tank with the external location of the
pipeline from the ICE exhaust system by the example of the
widely used installations (TsA-320, UNB, AChF, etc.). Sie-
mens STAR-CCM+, a non-stationary non-linear solver of
gas-dynamic processes, was used, which evaluates the cor-
rectness

of the problem statement and reduces significantly the costs
of full-scale field tests.

Research Results. The study was conducted for the operating
conditions of the cementing unit on the Kamaz-43118 chas-
sis with the SIN-32 pump and a drive from the power take-
off attachment on the gearbox of the chassis engine. In the
calculation model, a convection-type heat transfer was ap-
plied between the body of the gauge tank and the surround-
ing air; between the body of the gauge tank and the liquid;
between the chassis exhaust system duct and ambient air;
between the exhaust system duct and exhaust gases. The
following study results were obtained: characteristic curves
of the temperature variation of the gauge tank liquid at the
watch points; the distribution of the temperature field of the
liquid in the gauge tank; the distribution of the ambient air
temperature field; lines of flows and ambient air speed field
and of the ICE exhaust gases.

JIOHCKOI#1 rocyJapCTBEHHBIN TEXHUYECKHI YHUBEPCHUTET, I'. PocToB-Ha-JloHy, Poccuiickas denepauus

Beéeoenue. Crathsi moOCBsIIEHa HCCIEIOBAaHHIO d(PPEKTUBHO-
cTH 00orpeBa WK NOANepKaHus pabodeil TemMIepaTyphl JKHI-
KOCTH, HAaxOJIIEeHCs B MEpPHOW €MKOCTH IepeiABHKHOU
HACOCHOH YCTaHOBKH, OT BBIXJIOITHOM CHCTEMBI JBHUTaTENs
BHYTpEHHEro cropanust. Llens paboTsl — COBEPIICHCTBOBAHUE
npolecca NPOSKTUPOBAHKS M CHIDKEHHE 3aTpaT Ha HAaTypHbBIC
IKCIIEPHUMEHTHI.

Mamepuanvt u memoosl. JIns pemieHus IOCTaBICHHON 3aJauu
OBUIM HCITOJIb30BaHBI METOJBI YMCICHHOTO aHanu3a IpH pac-
4yeTe CHCTeM 000rpeBa MEPHOW €MKOCTH C BHEIIHHM pacIo-
JIO)KeHHEeM TpyOOonpoBoia OT BBIXJIOITHOM CHCTEMBI JIBUTaTels
BHyTpeHHero cropanus ([IBC) Ha npumepe LIMPOKO pacmlpo-
cTpaHeHHbIX ycTaHoBOK 11A-320, YHB, AU® u ap. [Ipumenen
HECTAI[IOHAPHBII HEeJIMHEWHbIH perarelb ra30JHHaMUIeCKUX
npoteccoB (Siemens STAR-CCM+), mo3Bostomunil OLEHUTD
MIPaBHJIBHOCTh ITOCTAHOBKY 33Ja4M M 3HAYMTEIBHO COKpalia-
IOIIUH 3aTPATHl Ha MOJTHOMACIITAOHBIC HATYPHBIE HCIIBITAHMS.
Pesynomamer uccredosanus. ViccnenoBanue IpOBOIHIOCH TS
yCIOBHH paboThl IEMEHTHPOBOYHOIO arperara Ha IIAaccu
«Kamaz-43118» ¢ macocom «CMH-32» 1 mprBoOM OT KOpOO-
K 0TOOpa MOIIHOCTH Ha KOPOOKE NEepeKIIOueHHus repenay
JIBHTATENS MACCH.

B pacueTHOl MoJenu MpUMEHEeH KOHBEKIIMOHHBIH THIT TEIIO-
nepenayr MeXIy KOPIyCOM MEPHOU eMKOCTH M OKPYXKAIOIIUM
BO3J[yXOM; MEXy KOPIIyCOM MEPHOI €eMKOCTH U KUAKOCTBIO;
MEXy TPyOOIIPOBOIOM BBIXJIOITHOW CHCTEMBI IIACCH U BO3-
yXOM OKpYKalolled Cpelpl; MEXAy TpyOOImpOBOJOM BEI-
XJIOTTHOM CHCTEMBI U BBIXJIOIHBIMHU Ta3aMu.

B pesynbrare mccienoBaHHS HONy4YeHBI TpadUUecKUe 3aBH-
CUMOCTHU U3MCHEHUS TEMIIEPATYPHI KUAKOCTH MepHOﬁ €MKO-
CTH B KOHTPOJIBHBIX TOYKaX; paclpeeieHHe Mojs TeMmIepa-
TYp JKHJKOCTH B MEPHOM 0ake; pactpeneieHHe Mois TeMIe-
paTyp OKpYKaloIero BO31yXa; JMHUHM HOTOKOB U IOJIST CKOPO-

CTel OKpYKaIoIero BO3/AyXa 1 BBIXJIONHBIX ra3os JIBC.
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Discussion and Conclusions. The study has revealed poor
effectiveness of the considered structure. The data analysis
allows us to offer an improved design of the gauge tank heat-
ing. The results obtained in the work can be used in the cal-
culations of such devices used in the hydraulic fracturing

units and grout machines.
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Obcyscoenue u 3axnovenus. B xone ucciaeqoBaHUs BbIICHU-
nack HemocrarodHas 3()(EeKTHBHOCTh pacCMaTpUBAEMOW KOH-
CTPYKIWHU. AHAJIHM3 JaHHBIX MO3BOJIICT MPEIJIOKHUTH YCOBEP-
NICHCTBOBAaHHYIO KOHCTPYKIIMIO 00OTpeBa MEPHOW EMKOCTH.
Pe3ynbTaThl, moydeHHBIC B paboTe, MOTYT OBITH HCITOIH30Ba-
HBl NPH pacueTax MOJOOHBIX YCTPOMCTB, MPUMEHSAEMBIX B
YCTaHOBKaX THIPOpa3phiBa IUTaCTa U LEMEHTHPOBAHHUS CKBa-
JKUH.

KiioueBble cjioBa: nepe/BikHas HACOCHAs yCTaHOBKA, Mep-
Hasl €MKOCTb, BOJJOIIO/IAIONIHI HACOC, HACOC BBICOKOTO JaBIIe-
HUS, IBUTaTeNb BHyTpeHHero cropanus (JIBC).

Oépasey onn yumuposanusn: AHamu3 >PpEeKTHBHOCTH CH-
CTEMBI BHEIIHET0 000rpeBa MEpHOH eMKOCTH HACOCHOH ycTa-
HOBKH OT BBIXJIONHOW CHCTEMBI JIBUTaTels BHYTPEHHEIro Cro-
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Introduction. The deposits of hard-to-recover hydrocarbons in the northern latitudes of Russia are confined to
low-permeable, low-drained, heterogeneous and segregated reservoirs. Whereas it is necessary to develop such oil and
gas areas, need arises for a guaranteed the above-zero temperature of the liquid that is in the gauge tank of the installa-
tion. This problem remains relevant in the construction and workover of wells.

The quality of hydraulic fracturing (HF) fluid, drilling fluid and cement slurry is affected by the following fac-
tors:

- types of rocks that interact with these systems;

- well depth (pressure);

- bottomhole temperature.

We will accept two statements of the TNK-BP standard “Quality and Compliance under HF”:

1) liquid chemicals specific for mixing at the well pad should be stored or transported above 15°C;

2) storage, transportation, testing and injection of all liquid reagents should be carried out above 15°C, regardless
of weather conditions [1].

The temperature of the system should not be lower than 8—10° C for all types of work on the preparation of the
tempering fluid, pressurizing systems and systems of drilling and flushing solutions [2].

The 1979 oil and gas equipment literature mentions the use of a chassis or deck engine (TsA-320A cementing
unit) for heating the exhaust gas system of the engine [3]. There are references to the vent dehumidifying system of the
booster pulser hydraulic unit in two operating manuals: “Pumping units UNB-1000, UNB-800, UNB-630" and “Ce-
menting hydraulic fracturing unit ACF-1050. UPETROM?”. In the operating manuals of “Two-pump mobile unit UNP-
320 x 40” and “Pumping unit UNB-125-50 SO”, the items on operating the drying and heating systems are highlighted.

In the present paper, the effectiveness of external heating system of gauge tank of pumping unit using exhaust pip-
ing of the IC engine is analyzed.

Materials and Methods. Methods of numerical simulation were used. As examples, the widespread installations
of the TsA-320, UNB, AChF, and others were considered.

The application of numerical methods permits to assess the correctness of the problem statement (with an error
of an idealized model selection), reduces significantly the cost of full-scale field tests or fully proves the design-
engineering inefficiency of the problem. In the absence of statistical data on the problem under study, the results of nu-
merical methods narrow the spectrum of the field problems to be solved. The non-stationary nonlinear solver of gas-
dynamic processes (Siemens STAR-CCM +) [4] was applied as a numerical method tool.

For the numerical study, the problem of heating a two- compartment gauge tank was selected. For this purpose,
the cementing unit on the Kamaz-43118 chassis with the SIN-32 pump and a drive from the power take-off attachment
on the gearbox of the chassis engine were used. In the rear zone of the chassis truck, capacity of 2 x 2 m® was installed.
It is an all-welded sheet-metal construction which has two compartments with a sloping bottom and bottom valves. In
the scheme proposed for calculation and analysis, the exhaust pipe (heating pipe) passes under the bottom of the gauge
tank and rises upwards along the wall of the left tank (Fig. 1).
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Fig. 1. Idealized design model of cementing unit on “Kamaz-43118” chassis with “SIN-32” pump

Research Results. The study was conducted for the following operating conditions of the unit at the field:

- pump unit is fixed;

- ambient temperature (air) is 5°C above zero;

- wind speed is 1.0 m/s;

- liquid density in both sections of the gauge tank is 1100 kg / m3;

- liquid temperature in gauge tank is 5°C above zero.

In the calculation model, a convection-type heat transfer was applied between the following media was used:

- body of the gauge tank and the surrounding air;

- body of the gauge tank and liquid;

- chassis exhaust system duct and ambient air;

- exhaust system duct and exhaust gases.

To simplify the task, air was used as exhaust gases to eliminate the application of a multiphase solver.

Air parameters were as follows: density was 1.184 kg m’; thermal conductivity was 0.026 W/m-K; specific heat
capacity was 1003.6 J/kg-K.

The parameters of the liquid in the gauge tank were as follows: density was 1100 kg/m’; thermal conductivity
was 0.569 W/ m-K; specific heat capacity was 4217 J / kg'K.

The material parameters of the steel body of the gauge tank and the exhaust system duct were as follows: density
was 7832 kg/m’; thermal conductivity was 63.9 W/m-K; specific heat capacity was 434.0 J/kg-K; thickness of the body
sheet of the gauge tank was 4 mm; exhaust pipe thickness was 3 mm [5].

The exhaust gas outlet temperature of the ICE manifold was 450° C [5, 6]; the exhaust outlet flow of the engine
manifold was 35 m/s [5].

The calculation (see Fig. 1) was made from the ICE working condition for 1800 seconds (30 minutes). The test
points of the liquid temperature were obtained for the left and right compartments of the gauge tank at the bottom
valves at a distance of 200 mm from the bottom, at a distance of 1000 mm from the bottom (T1), and at a distance of
1000 mm from the bottom and 200 mm from the back wall (T2). The liquid temperature lines during the ICE operation
for 30 minutes are shown in Fig. 2. The temperature fields and current lines are shown in Fig. 3—6.
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Fig. 2. Liquid temperature lines of gauge tank at watch points: 1 is temperature at top point of left gauge-tank compartment;
2 is temperature in left compartment (point 1); 3 is temperature in left compartment (point 2); 4 is temperature in left
gauge-tank compartment at bottom valve; 5 is temperature in right compartment (point 1); 6 is temperature in right
compartment (point 2); 7 is temperature in right gauge-tank compartment at bottom valve.
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Fig. 3. Distribution of liquid temperature field in gauge tank (left view)
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Fig. 6. Flow line and speed field of ambient air and ICE exhaust gases

Discussion and Conclusions. The calculation results obviously demonstrate that for 30 minutes of the ICE op-
eration and convection heat exchange between the hot exhaust pipe, air and liquid in the gauge tank at the test points at
the bottom valves, the liquid is heated up to 0.1° C in the left compartment and to 0.1 ° C in right compartment.

This brings us to the following conclusion: at the considered variant of the constructive solution, most of the
thermal energy is directed to the operator’s cabin heating. This is a positive factor, but not a solution to the problem.
The studies and graphical dependences show that it is required to place the exhaust tube directly in the gauge tank for a
more efficient distribution of heat flows inside the gauge tank and in the environment. Given the design features, it is
advisable to place the pipe inlet at the bottom of the right side of the tank and, passing through the left side, direct it
along the tank up to the relief passage.

In order to determine the possibility of heating the gauge tank, it is necessary to carry out calculations for a new

schematic construction.
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