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B npoyecax mennoobminy eusnauanibHuMu € 2i0OpOMEXaHiuti Xapakmepucmuky nomoKie menioHoCiie, a came iXui pedcumu pyxy.
B pexynepamuenux mennooOMiHHuUKax 3aeanbHuil meniosuil onip cucmemu Ha 95% KoOHYyenmpyemvcs 6 nPUCminKil 00aacmi nomo-
Ki8 menyioHociie — 6 1aminapromy npu nogepxuesomy wapi (JII111). B icuyiouux pisuannsx s po3paxyHky cepeonix moswun JIITLI
He 8PAX08YIOMbCsl NOBEPXHESL XAPAKMEPUCMUKU PIOKO(A3HUX MENIOHOCII8 (KoediyicHma nosepxneso2o namszy ma 2iopoitsHocmi
NoGepxHi 3MOUYeanHts). 3pooaeHo Cuno8ull ananiz eiemenmapnoco 0o ’emy piounu ¢ JIIIII i ecmanosreno npiopumemuy 0i0 cul
N0BEPXHEB020 HAMA2Y Ma cuil mucky. Busedena gopmyna oaa po3paxyHky cepeouvoi moswunu JIII 3 epaxysannsam yux cun ma
roe@iyicnma mypoynizayii Ky ma cnissionowenns /[apci—Beiicoaxa. Ooepoicana ghopmyna micmums Koegiyicnmu nogepxneeoco
Hamszy, OUHAMIYHOT 8 SI3KOCMI Ma 2yCMUHY pPioOK020 MenIoHOCIs, 2lOpopinbHICMb NOBEPXHI 3MOYUYB8ANHS 6HYMPIWHbOT peKynepamu-
6HOI cmiHKU, 006xCcury ma diamemp mpy6, uucia Petinonvoca ma /lapci, koegiyicnm mypoynizayii nomoxy.

3anpononosano smenurysamu cepeonio moguwguny JII wnsxom 0odasantns 00 NOMOKIE MeNIOHOCII8 ONMUMATLHUX KOHYEHIM-
payiii nosepxneso—axmuenux pevosut (I1IAP). Ilokasano, wo 3a 000a8aHHA ONMUMATLHUX KOHYEHMPAayill aHIOHAKMUBHUX, HEIOHO-
eennux ma kamionaxmuenux AP cepeona moewuna JIIILI 3smenutyemocs 6 medicax 0o 30%.

Knruosi cnosa: pexynepamusna anapamypa, menjioHociil, mypOyieHmuuLl pexicum, no8epxHesull Hamse, NPUePaHUIHULL 1ami-
HapHull wap, cepeonst moSUUHA NPUSPAHUYHO20 TAMIHAPHO20 wapy, Yucio Pelinonboca, nogepxHe80—aKmuHi peyosuHu.
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B npoyeccax mennoobmena onpedensiowgumu A61s0Mcs 2UOPOMEXanUYecKue Xapakmepucmuky nomoKog menioHocumenet, a
UMEHHO pedicumbl UX Osudicenus. B pexynepamusnvix mennoobmennuxax obujee meniogoe conpomusnenue cucmemvl Ha 95% xomu-
yeHmpupyemcs 8 RPUCmMenHol 00iacmu NOMoKo8 menioHocumenell — 6 Jamunapiom npunosepxnocmuom croe (JIIIC). B cywe-
cmeylowux ypasHenusx oas pacyema cpeonux monwun JIIC ne yuumuleaiomes: nO8epXHOCHHblEe XAPAKMEPUCIUKU JHCUOKODAZHO20
menyionocumenei (Koaghguyuenma no6epXHOCMHO20 HAMAICEHUS. U 2UOpOpurbHOCMU nosepxHocmu cmavusanus). Coenano cuio-
601l aHaUu3 2iemMeHmapHo2o o6vema sdcuoxkocmu 6 JIIIC u ycmanosieno npuopumemmuoe Oetcmeue Cuil NOBEPXHOCMHO20 HAMSIICe-
Hust u cun dagnenus. Beisedena popmyna ons pacuema cpeoneii monwunvt JIIC ¢ yyemom smux cun u kodggpuyuenma mypoynusa-
yuu Kr u coomnowenus Jjapcu—Beiicoaxa. [lonyuennas gpopmyna codepoicum Kodp@uyuenmsl nOGEPXHOCMHO20 HAMAICEHUS, OU-
HAMUYECKOU 6513KOCMU U NAOMHOCIU JHCUOKO20 MENIOHOCUMEIS, SUOPOPUILHOCHIb ROBEPXHOCIIU CMAYUBAHUS GHYMPEHHEl peKyne-
PamueHoul cmeHKu, OIuKY u ouamemp mpyo, wucia Peiinonvoca u Japcu, koagguyuenm mypoyiuzayuu nomoxa.

Ipeonosiceno ymenvuwams cpeonioro monwuny JIIIC nymem 0obasnenus K nNOMOKAM MenIOHOCUmMeNnel ONMUMALbHbIX KOHYeH-
mpayuii nosepxnocmuo—axkmusHvix eewjecms (I1AB). Ilokazano, ymo npu 0obaenenuy ONMUMATLHBIX KOHYEHMPAyull AHUOHAKIMUG-
HbIX, HEUOHO2EHHBIX U KamuoHakmueHvix [IAP cpeonsas momnwuna JIIIC ymenvwaemcs 6 npedenax 0o 30%.

Knrouesvie cnosa: pexynepamusnas annapamypa, menioHOCUMeb, mypoyieHmMHbLI PeXcuM, NOBEPXHOCHHOE HAMSAICEHUe, NOSPAHUY-
HbLUL IAMUHAPHBIL CILOT, CPEOHSISL MOMUUHA NOZPAHUYHO20 JAMUHAPHO20 COSL, Yucio Pelinonsoca, nogepxHOCmHO—aKmueHble 6euecmsd

Influence the surface tension of the heat transfer fluid on average thickness of
the boundary laminar layer in recuperative heat exchanger
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In the process of heat transfer is crucial hydromechanical fluids flow characteristics, such as their modes of motion. In recupera-
tive heat exchangers total thermal resistance of the system by 95% concentrated in the near—wall region flows of fluids — at a lami-
nar boundary layer (LBL). The existing equations to calculate the average thickness LBL not captured surface characteristics cool-
ant liquid phase (the surface tension and hydrophilic surface wetting). Made power analysis elementary volume of fluid in LBL and
established a priority action of surface tension forces and pressure forces. Formulas to calculate the average thickness LBL with
regard to these forces and turbulence factor and Ky ratio Darcy—Veysbaha. The resulting formula contains coefficients of surface
tension, dynamic viscosity and density of the liquid coolant hydrophilic surface wetting recuperative inner wall, the length and diam-
eter of the pipe, the Reynolds number and Darcy, coefficient turbulence flow.

Reduced average thickness LBL by add to the flow of fluids optimal concentration of surfactants active substances (SAS). Shown
that the addition of optimal concentrations anion active, nonionic surfactants and kation active average thickness LBL is reduced
within 30%.

Key words: regenerative equipment _heat transfer agent, turbulent mode, surface tension, laminar boundary layer, the average
thickness of the laminar boundary layer, Reynolds number, surfactants

Introduction where d — pipe diameter, m; ¢ — hydraulic friction co-
efficient (Darcy coefficient), Re — Reynolds number.
It is known that the hydromechanical flow characteris- The equation (1) corresponds to the laws of fluid me-

tics of the coolant liquid phase is crucial for the passage chanics, taking into account the processes that occur in
of heat exchange system, coolant pipe wall. To work the pipe at the boundary between two media (pipe wall —
effectively heat exchange equipment needed to move fluid flows). However, this approach, in our opinion, does
fluids carried in the turbulent mode. However, the near—  not take into account certain physical characteristics of
wall region of the pipeline there is laminar boundary layer  the fluids related to the interaction of surfaces of the two
(LBL). Average thickness of the LBL is determining the  phases (solid — liquid) (S-L).
passage of heat in the regenerative heat exchange equip- The amount of the liquid refrigerant surface tension is
ment responsible for the interaction surfaces of the heat ex-
It is known that thermal resistance (LBL) is about (95  changer wall and the heat transfer fluid. Therefore, we
98)% of the total thermal resistance in the heat ex- offer a formula to calculate the average thickness LBL
changern. There are a number of works devoted to the considering the surface tension of liquid coolants.
problem of reducing the average thickness (LBL) (Matu-

shkin, 1998; Anipko and Gorbunov, 2001). Material and methods
The average thickness of this layer J (see Figure 1)
can be calculated with the equation (1) (Uginchus, 1970: We used numerical methods for calculating the aver-
S 30d (1) age thickness of the LBL, considering the surface tension
\/E Re of liquid coolants. The surface tension of liquid coolants

determined by the classical method Rebinder.
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Results and discussion

Elemental volume of fluid in the LBL are under the
influence of forces (Figure 1): mg — the gravity force; ma
— the inertia force; P — pressure force; 7y — the force of
friction between elementary layers of fluid; Fo the

o

power of surface tension of the fluid. At the interface of
liquid—wall pipe there is a strong field force of surface
tension, which changes the flow of fluid to form LBL.
Forces of friction, inertia and gravity in the system are
negligible [4].

Consider the pressure force and surface tension force
in LBL acting on the elementary ring of liquid (Figure 1):
— elementary ring area: ¢S =2zrdr; — the pressure force

acting in LBL on the elementary ring: gP=0P2zrdr; —

the force of surface tension acting on LBL elementary
ring: dF; =270 cos0dd;

Integrating of equation, introducing fixed values as a
sign of integration and replacement » to ¢ were carried
out. The physical meaning of integration and the change
in the system is that LBL summed up around the «area of
passage» pipeline. Then we have a limiting case, that
limits transition flow from L to T mode where ¢ is the

thickness LBL flow radius , _ i; (see Figure 1).
2
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Figure 1. Velocity vectors distribution in tube cross section for turbulent (T) flow.

According to the principle where 'Alambera, after in-
tegration and reduction of the number 7, we obtain the

equation (3):
_ [odcos6
O=N"ap

Formula (3) is just a stream of fluid on the verge of
switching L and Tr mode, in critical Reynolds number
Re,,. = 2320. For values of Reynolds that more than criti-
cal , equation (3) is written as follows:

|ocosOd
5=V AP |

K
If the pressure drop is in accordance with Darcy—
Veysbach equation, we get the equation (5):
ocosfd
pUEL
o
Re,;

3)

(4)

(&)

If , equation (5) is transformed into equa-

20 cosfd’p
5_,/“62 L, (©)
- Re
Reg,

or in equation (7):
d*> |20cosfp
_Repy L
- Re
Reg,
where AP — pressure drop along the pipe or apparatus,
Pa; . _5_ % - the radius of elementary ring, m; & — Darcy

)

0

coefficient; p — fluid density, kg.m>; L — length of the

pipe, m; d — diameter of the pipe, m; .,cg — the cosine

of the contact angle; 0 — the mean thickness of the LBL,
m; o — the surface tension of the liquid, N.m'; Kr— the

coefficient of turbulence, - _

Re 5 — coefficient of
T 2

Re
cr
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dynamic viscosity, kg.m '.s'; Re — the Reynolds number;
Re., — the critical Reynolds number (Re., o 2320),  —

the velocity of the fluid flow, ms

The results formula to determine the average thickness
of the LBL, taking into account such surface properties of
liquid phase medium as the surface tension on the border
of solid — liquid hydrophilic surface and the density and
viscosity of the working environment. From equation (7)
shows that the average thickness of the LBL of fluid can
be reduced by adding material to the liquid phase or carri-
er small number of surface active substances.

In industrial processes surface active substances use in
the form of aqueous solutions. In aqueous solutions sur-
face active substances, depend on their nature, dissociate
or dissociate into ions. This behavior enables purposeful
change surface properties. We show the change of aver-
age thickness LBL water solutions for adding optimal
concentrations of surface active substances of different
nature. According to the formula (7) calculated the aver-
age thickness LBL water at 20 C” moving in the pipe
diameter d = 21 mm, length /=3 m at a speed U= 1 m.s—
1

The average thickness of the LBL water:

b
3
(21'10 ) 2.73,2.103.0,87-1000
_16470-1,29-1073 2,79-10723
16470
2300

— For water with adding anion active surface active
substances:

5 =116-10° m

332
21-10 -
( ] ’2-34J-10 3.0,97-1000
164831-1,26-103 Y 2,79.102.3
= 16483
2300

— For water with adding non—ionic surface active sub-
stances:

:83~10_6 m

)

32
[ZLIO j —
J2.3L540 .0,98-1000

16602-1,25-1073 2,78~1072~3
8= 16602
2300
— For water with adding kation active surface active sub-

stances:

=79-100 m

2
10-3
[21 10 ) IJ2~36,2-10_3 -0,97-1000
3

 16687-1,25-10 2,80-1072 3
a 1663876
2300

8 -85.10%m

Therefore, the average thickness LBL under surface
active substances decreased. With the addition of anionic
surface active substances 1.4 times; nonionic surface
active substances — in 1.47 times, cationic surface active
substances — in 1,36 times. Thus, adding the optimal con-
centration of surface active substances of different nature
to the coolant (water) can significantly reduce the rate of
its surface tension, and thus minimize the average thick-
ness LBL system wall pipe carrier.

Conclusions

1. An average thickness LBL can be expects in view
of the surface tension of liquid coolants.

2.Addition of optimal concentrations of surface active
substances to the liquid coolant decreases the average
thickness of LBL to 30%.

Prospects for further research. The search for new ef-
fective surfactants and their optimal concentrations for
liquid coolants to reduce the overall thermal resistance
recuperative heat exchangers in the food processing in-
dustry.
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