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Abstract—Heat transfer coefficients from experiments on flow boiling with R12 are obtained for a wide

range of pressure, mass flux, heat flux and flow quality. The experimental results are compared with seven

different correlations given in the literature. Good agreement is found only for some correlations. Best

agreement is found for the modified Chen correlation using the pool boiling equation by Gorenflo and

the suppression factor by Bennett et al. In the correlation proposed by Bjorge et al. a numerical value for

the constant By, for R12 is recommended. With a minimum liquid velocity of 0.25 m s™', a clear effect of
flow direction—upwards or downwards—cannot be observed.

1. INTRODUCTION

THERE ARE numerous investigations on forced con-
vection boiling heat transfer, most of them are ex-
perimental. Because of the great variety of effective
parameters and the complexity of the phenomena,
theoretical analysis cannot provide a general equation
for the boiling heat transfer coefficients for different
substances and different conditions. All correlations
given in the literature have a relatively large uncer-
tainty and can be used only in restricted cases. For
this reason measurements on heat transfer coefficients
for different substances and different conditions still
appear necessary.

According to heat transfer mechanisms, saturated
flow boiling heat transfer can be divided into the fol-
lowing regions :

(1) partial nucleate boiling ;

(2) fully developed nucleate boiling ;
(3) convective evaporation ; and

(4) film boiling.

Here, fully developed nucleate boiling is inves-
tigated and heat transfer coefficients of saturated R12
are measured in both upflow and downflow.

2. LITERATURE SURVEY

Seven flow boiling correlations from the literature
have been checked for their applicability to our case.
They are listed in Table 1, and their theoretical results
are compared with our experimental data. For the
calculation of heat transfer coefficients from these
correlations the following parameters have to be
given:

for the operating conditions ¢, m, x and T;
for the fluid properties Ah, n,, 4,, ¢,1, prand p,;
and for the geometry D.

Some correlations need other parameters. Although
the parameters are the same in many cases, the struc-
tures of the correlations are quite different.

Chen [1] suggested to calculate the heat transfer
coefficient of flow boiling as the sum of the heat trans-
fer coefficients of forced convection and pool boiling
(Table 1, equation (1)). Whiie the forced convection
heat transfer is intensified by the factor F (F = 1),
which is a function of the Martinelli parameter X,,,
the boiling heat transfer is suppressed by the factor S
(S < 1). For the calculation of ag, the surface tension
o, the saturation pressure p,, the tube wall tempera-
ture T, and the saturation pressure corresponding
to the tube wall temperature p,(T,) are needed as
additional parameters. In order to obtain the tube
wall temperature an iteration is necessary.

The correlations by Shah [2] (equation (2)) and by
Gungor and Winterton [3] (equation (3)) consist of
only one term as compared with the Chen correlation,
namely the term for forced convection. The boiling
effect is included in the enhancement factors y or E.
These factors are functions of the boiling number Bo
and of [X/(1—X)I"(p/p,)". The advantage of these
correlations is their simplicity in form and the need
for only the 11 parameters listed above. Because the
Shah equations are correlated from a chart, they are
somewhat more complicated than the correlation by
Gungor and Winterton.

Steiner [4] used the cubic mean value to combine
the two heat transfer mechanisms—convective evap-
oration and nucleate boiling (equation (4)). If the heat
flux is below a certain value §;;,, the term for nucleate
boiling «, is not included. The Steiner correlation
needs many constants, which can be found in ref. [4]
for many substances.

The correlation recommended by Stephan and
Auracher [5] consists of a pool boiling correlation and
a factor considering the effect of forced convection
(equation (5)). Five pool boiling correlations are pre-
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NOMENCLATURE

thermal diffusivity [m2 s~ ]

Laplace constant, \/(c/g(p,— p,)) [m]
constant in the correlation of Bjorge ef al.
[S 9/4 m- 9/ 8]

boiling number, ¢/mAh

specific heat capacity [J kg=' K]

tube diameter [m]

break-off bubble diameter [m]
gravitational acceleration [m s~ 7

specific latent heat of evaporation [J kg~ !]
mass flux [kgm~2s™"]

pressure [Pa]

Prandtl number

heat flux [W m~7

roughness defined by DIN 4762 [m]
thermodynamic temperature [K]

flow quality, m,/ (m,+miy).

Greek symbols

heat transfer coefficient [Wm~2K™]
f  contact angle [deg.]

n  dynamic viscosity [kgm~'s™]

/4 thermal conductivity [Wm~' K~}
p
g

133

density [kg m~?]
surface tension [N m™'].

Subscripts
c critical
cal calculated
€xXp experimental
g  gas (vapour)
ib  incipient boiling

1 liquid
S saturation
w  wall

sented in ref. [5]. One is applicable to all substances
and the other four to water, hydrocarbons, cryogenic
fluids and refrigerants, respectively. In these cor-
relations the characteristic length is the break-off
bubble diameter. It follows that the surface tension
and the contact angle of the fluid must be known.

The Styushin [6] correlation (equation (6)) consists
of five dimensionless numbers. It is valid only in the
fully developed nucleate boiling region. In this cor-
relation the mixture velocity w, and the factor
(0/9pg)""* will cancel, which means that the mass flux
m, the flow quality x and the density of vapour p,

Table 1. Heat transfer correlations for flow boiling

Correlations Annotations
Chen [1]
o= ekt epS M tre = 2 0.023ReP* Prp®
A]o.wcoias plO.49 D ' !
_ P 0.24 0.75
% = 0'00122(a.o.s’110.29Aho.24po.24>ATs Ap; AT, =T,-T,
g
F=1 (1/X,<0.1) Ap, = p(T,)—p(T)
F=235(1/X,+0.213)% (1/X, > 0.1) v - (&)‘“(ﬂ)&] (1 ”x)“
1 “ P ”g X
S=—— . .
142.53x 107 °Re-17 . m(l—x)D
l m
Shah [2]
o = Yotge 2)

¥ = max {wcba Yus}
Yoy = 1.8/C°
IfCy> 1.0:
Vas = 230B0°5  (Bo > 0.3x107%)
Yap = 1 +46Bo%° (Bo < 0.3x 10~
If0.l < Cy<1.0:
Y = F Bo®® exp (2.74C5 %Y

fCy,<0.1:

Yao = F Bo®’ exp (2.47C4 *1%)
F=147 (Bo> 11x10-%
F=153 (Bo<11x10~%

1—x\8 P4 0.5
C°‘(T) (57
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Table 1. Cont.
Correlations Annotations
Gungor and Winterton [3]
o= Eapc (3)
3 0.75 0.41
E= 1+300030°~“+1.12(L,> (ﬂ)
1-x Ps
Steiner [4]
o= (ax+u)" @ a4y, and g, should be calculated
according to Gnielinski [18] with
I f i < . 26 Tdeo 0
i = —— , oy, = - .
=@ tn ™ Rep, =2, pe. ™D
otherwise ™ s

_ i ﬁ 0.45 1 .P_ 3.7]<&)0.4 (ﬁ)&]”
"‘"‘““CF(q'j[l'“(pc) +(2+ 1—(P/Pc)7)(l’c) p) \R

0.357]-2.2 0.67\ ]-2)~0.5
e fomnse (] oo (]

Stephan and Auracher [5)
o = (29Re; 3 Fri Yoy (5a)

For refrigerants:

aBd qd )0.745(p1>0.581 0533
—— =207 — Pr* 5b
4 (z,Ts P 50
Styushin [6]
SHKL)™ " = 1.25B0(Pe’)~ K25 6)
. 12
Si— . K;,:z(_ff_)
Cplplwm 4 gpg
. - 1/2
q q g
Bo’ = ; Pe' = —
Ahpywyy Ahpyay (yp)
Bjorge et al. [7]
S . AT, Y
d=dgrctqn [1 - (ﬁi) :I, (AT, > AT) )
Re? XA
dec = e’ PryF(X,,) IAT,

F,D

l l 0.32
F(X,) = 0.15[:‘,: +2.0 <7> ]

F, = 5Pn+51n (14 5Pr)+2.5 In (0.0031ReP*') (Re, > 1125)
Fy = 5Pr4+5 In [1+ Pr,(0.0964Ref 535 — 1] (50 < Re, < 1125)
F, = 0.0707Pr, Rel* (Re, < 50)

}’Il/zpll 7/30’}l9/5pgl/8

ds 4 )”2
—_—~ )} =8B
mAr\g(p1—py) AR (py— pg) 0TS

MAR

AT}

ATs,ib =

re=03x10"m

§o =20000 Wm~™2
Dy=1x10"?m
Ro=1x10"%m

for refrigerants
n=08-0.1 x 100 7%k

for R12
%53 =6960 Wm 2K™!
Ce =097

21— DD
Re, = M1=HD

M

.2 1—x 2

y 2 A=
prgD

d = 0.02048b

for refrigerants g = 35

Ah
K =

CplTs

Wy = T[Hx(ﬂ —1>]
[ Ps

X, = <&>o.s<ﬂ)o.|<li)o.9
] Mg x
_m(l—1)D

Re,
m

Ope = %0.023Re.°’B Pr24
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have no effect on the heat transfer coeflicient in the
nucleate boiling regime.

Bjorge et al. [7] suggested a heat flux superposition
equation (equation (7)). In the equation for ¢y there
is a dimensional constant By, which should have a
specific value for a given fluid. Only the value for
water is cited in ref. [7]. In most cases the heat flux ¢4
is given, while the temperature difference AT, is to be
calculated. Thus an iteration method has to be applied
here.

In most of these correlations the effect of flow direc-
tion is not considered, as only a few authors have
reported on it. Steiner [4] and Stephan [8] suggest,
according to measurements by Pujol [9], that for
downflow the following modification of their cor-
relations should be taken:

Xdownflow = 075 aupﬂow - (8)

Thorsen et al. [10] found that the boiling heat trans-
fer coefficient for upflow is higher than that for down-
flow. Under saturated flow conditions, however, the
difference is small.

Bartolini et al. [11] reported that for fully developed
nucleate boiling with flow velocities of 0.2 and 0.8 m
s~ ! the flow direction has a negligible effect on the
heat transfer coefficient.

3. EXPERIMENTAL APPARATUS

A schematic flow diagram including the main com-
ponents of the experimental apparatus is shown in

E. HAHNE et al.

Fig. 1. Subcooled R12 is pumped by a canned motor
pump P. The total volumetric flow rate is measured
by the turbine flowmeter F1. A part of the liquid R12,
measured by the turbine flowmeter F2, is evaporated
in the evaporator E. The other part of the liquid
R12 is preheated to saturation temperature in the
preheater PH. Liquid and vapour are mixed in the
mixing chamber M1 or M2, depending on the flow
direction. The two-phase mixture then flows through
an inlet section 2 m long before entering the test
section.

The 550 mm long test section is a copper tube with
an inner diameter of 20 mm (Fig. 2). The thermal
conductivity of the tube is 372 W m~' K~'. The
roughness of the tube inner surface R,, defined
according to DIN 4762, 15 0.385 um. The heated length
is 500 mm. Four heating wires (Philips Thermocoax)
are wound in four spiral grooves around the tube. The
diameter of the heating wires is 1 mm. The maximum
heating power is 4 x 1000 W.

In order to measure the inner surface temperature
of the test section, 12 thermocouples (NiCr-Ni, ¢ 0.5
mm) are inserted into holes in the tube wall at six
levels. These holes, shown in Fig. 2, were bored by
a spark erosion machine. The distance between the
thermocouple tip and the inner tube surface is 0.3
mm. In order to obtain the temperature of the heat
transfer surface, the measured wall temperatures are
corrected for the radial temperature drop in the tube
wall. Because of heat losses in the axial direction, the
temperatures at the end levels are lower than

-
1 Mlc

'g‘D'n
- ~

311

FiG. 1. Schematic diagram of the experimental apparatus: P, pump ; F1, flowmeter for the total flow ; F2,

flowmeter for the vapour flow; PH, preheater; E, evaporator; M1, mixing chamber for upflow; M2,

mixing chamber for downflow; S, sight glass; C, condenser; ST, storage tank; SC, subcooler;
——, upflow ; ———, downflow ; @, pressure gauge ; @, thermocouple.
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FIG. 2. Test section.

the temperatures at the other levels. Thus, only eight
thermocouples are used for the calculation of the
mean temperature of the inner tube surface.

At the inlet and outlet of the test section, small
holes are provided to measure the pressure and the
pressure drop in the test section. The saturation tem-
perature of the fluid is calculated from this pressure
using the vapour-pressure equation.

Sight glasses made of Macrolon are mounted on
both ends of the test section to observe flow phenom-
ena in the tube.

The refrigerant R12 was obtained from Kali-
Chemie AG. The purity of the refrigerant is of indus-
trial standard. Before filling, the system was evacuated
to 0.1 bar and flushed.

The measuring instruments and their accuracies are
listed in Table 2. The electrical signals from the instru-

Table 2. Measuring instruments

Parameter Instrument Accuracy
pressure Bourdon pressure gauge +4 kPa
flow rate turbine flowmeter +0.151 min~"
heating power wattmeter +03W

wall temperature  NiCr-Ni thermocouple +0.1 K

ments are processed by a computer-controlled system
which consists of a HP 9816S computer, a HP 3497A
scanner and a HP 3456A voltmeter.

The overall accuracy of a measured heat transfer
coefficient is +12% on the average and better than
+17% in the worst case.

4. RESULTS AND DISCUSSION

For the experiments, the following parameters had
to be regulated : flow direction, system pressure, mass
flux, flow quality at the entrance of the test section
and heat flux. Measurements were performed with
both stepwise increasing and stepwise decreasing heat
flux. The results for both conditions exhibit good
agreement in the fully developed boiling region.

Altogether, 102 heat transfer coefficients were
obtained in the fully developed boiling region—75 in
upflow and 27 in downfiow. The parameter ranges
were

p = 640-1100kPa
rit=311-1535kgm~2s""
§=10-103kWm~?

x =0-0.174.
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Fi1G. 3. The Chen correlation compared with our data.

In Figs. 3-9 the measured heat transfer coefficients
., are compared with the heat transfer coefficients
oy calculated from the seven correlations given in
Table 1. The mean and average deviations of these
correlations to the measured values are defined as

1 n
mean deviation (%) = p Y
1

(acal —'aexp) X 100’ (9)
exp

12 (Ot — Olexp) X 100
average deviation (%) = - Z‘: .(_‘TP)__
eXp

(10)

and listed in Table 3.

The Chen correlation (equation (1)) underpredicts
the heat transfer coefficients by an average of 47.8%.
But, as shown in Fig. 3, the points do not exhibit a
large scatter. If in such a case the constant in the

Qexp —=

Fi1G. 5. The correlation by Gungor and Winterton compared
with our data.

equation for ay was varied, the results may yield good
agreement.

The Shah correlation (equation (2)) underpredicts
the measured values by an average of 41.6%. The
scatter of data points in Fig. 4 is quite large.

Comparison with the correlation by Gungor and
Winterton (equation (3)) is made in Fig. 5. The agree-
ment is somewhat better than that with the Shah cor-
relation, with respect to both underprediction and
scatter.

The Steiner correlation (equation (4)) in Fig. 6
appears to be better than the preceding equations.
Although it still underpredicts the experimental data
by 22.2% on average, most of the data points are
within the +30% deviation range.

The correlation by Stephan and Auracher (equa-
tion (5)) yields a mean deviation of 10.2% and an
average deviation of only 1.2% (see Table 3). As

20000 s T T —] T 20000 T T T T T
W ol O upflow i W | O upflow ~?-\- ]
m?K v downflow mZK v downflow Y,
15000 15000 [
r ple i i '5‘°|“ i
> v 7
* 10000 * 10000 A
o g
At 5 Ooo At | o §
v o
/ de" o P
5000 o 5000 P
v
ow
0 ! L 1 I 0 1 1 1
0 5000 10000 15000 W/m2K 20000 0 5000 10000 15000 W/m2K 20000

Qaxp —=

F1G. 4. The Shah correlation compared with our data.

Qoxp —=

Fi1G. 6. The Steiner correlation compared with our data.
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F1G. 7. The correlation by Stephan and Auracher compared
with our data.

shown in Fig. 7, the correlation slightly underpredicts
in the region of low heat transfer coefficients, cor-
responding to low heat flux and low pressure, and it
overpredicts in the region of high heat transfer
coefficients, i.e. high heat flux and high pressure. This
tendency can be corrected, if the exponent of the
dimensionless number (¢d/A4;T;) in equation (5b) is
changed from 0.745 to 0.59.

The Styushin correlation (equation (6)) compared
in Fig. 8 appears quite satisfactory, although it still
underpredicts by 8.9% on the average.

The constant By, in the correlation of Bjorge et al.
(equation (7)) is optimized with our experimental data
by minimizing the mean deviation. The value obtained
is By, = 4.0x 1073 s%*m~%% Asshown in Fig. 9, the
result is quite satisfactory as compared with our data.
According to Bjorge et al., only one value of By
should be given for a specific fluid. Therefore, their
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FiG 9. The correlation by Bjorge et al. compared with our
data.

correlation with By, = 4.0 x 10~ '3 s%*m~%® was com-
pared with the 143 experimental heat transfer
coefficients of R12 measured by Vaihinger and Kauf-
mann [12,13]. As shown in Fig. 10, the value of By
also appears satisfactory for the experimental data of
Vaihinger and Kaufmann, but the points are more
scattered. One cause may be that their operating
parameters had a larger range:

p = 1150-3370kPa

rit = 660-5600kgm~ 25~
G=9-111kWm~?

* = 0-0.209.

The Chen correlation is one of the most widely used
correlations for flow boiling, but Chen only tested his
correlation against the experimental data of water and

Table 3. Mean and average deviations between calculated
and measured heat transfer coefficients

20000 T — T T e T
w | o upflow Ry
m? K v downflow 7 i
15000 se
o
v,
L P
‘ 10000 ‘%
au / —
5000

9

-

0

5000

10000

i
15000 W/m2K 20000

Qexp —=

F1G. 8. The Styushin correlation compared with our data.

Mean Average
deviation deviation
Correlation (%) (%)
Chen 47.8 —478
Shah 41.6 —-41.6
Gungor and Winterton 38.1 —38.1
Steiner 23.1 -222
Stephan and Auracher 10.2 12
Styushin 9.4 —8.9
Bjorge et al. 72 -1.0
Bjorge et al., compared with 14.3 3.5
the data of Vaihinger and
Kaufmann
Modified Chen 6.1 44
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F1G. 10. The correlation by Bjorge et al. compared with the
data of Vaihinger and Kaufmann.

some hydrocarbons. For other fluids, an under-
prediction was observed [14, 15], just as in our case.

Some authors [14, 16] have suggested that other
correlations be used for F, S and «y in the Chen
equation (equation (1)). Several correlations were
tried out with our experimental data. The best result
is obtained by taking oy as proposed by Gorenflo [17]
and the suppression factor S as developed by Bennett
et al. [16]. The original function F is maintained, as
well as azc. These correlations are given in Table 4.
The result is shown in Fig. 11 and Table 3 ; it is better
than that of all other correlations.

In all of Figs. 3-9 and 11 an obvious effect of flow
direction cannot be observed, with the superficial
liquid velocity ranging from 0.25 to 1.25 m s~ . This
agrees with the observation of Bartolini et al. [11].

In order to demonstrate the differences among the
correlations and the effect of heat flux and pressure,

E. HAHNE ef al.
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FiG. 11. The modified Chen correlation compared with our
data.

the eight correlations are compared with each other
in Figs. 12 and 13. The parameter range corresponds
approximately to the range of our measurements. The
curve of the modified Chen correlation may represent
the position of our measured data. The discrepancy
between the correlations is quite large and different at
different pressures. While at 600 kPa the difference
between the Styushin correlation and the correlation
of Bjorge et al. is obvious, at 1100 kPa these cor-
relations give similar results.

5. CONCLUSION

Correlations for fully developed nucleate flow boil-
ing in the literature give discrepant results. Compared
with our experimental data for R12 in upflow and
downflow boiling, the correlations by Chen, by Shah,
by Gungor and Winterton, and by Steiner yield large

Table 4. The modified Chen correlation

Correlations

Annotations

a = ogcF+ops

iy P\ 1.8 P R
weal (G (o) G ) o

A 0.041apch
S_O.MlaFcb[l_exP<_ X )} (16}

F=1 (1/X,<0.1)
F=2351/X,+0.213)*7 (1/X,>0.1)

1 A
g Apc = BO.OZSReIO'BPr[O“'

qo= 20000 W m~?
Rp=1x10"°m

for organic fluids

0.3
m=09-03 (5)
De

for R12
ap=2300Wm K™

0.5 0.1 /1 _ \09
=G (F)
P Mg x
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average deviations of —22to —48%. The correlations
by Stephan and Auracher, by Styushin, and by Bjorge
et al. give much smaller average deviations of 1.2,
—8.9 and —1.0% and mean deviations of 10.2% at
most.

The correlation by Stephan and Auracher yields
better agreement with our measurements, if the
exponent of the dimensionless number (¢d/AT,) is
changed from 0.745 to 0.59.

The correlation of Bjorge et al. should be used with
the constant By, = 4.0 x 10~ *s%*m~%8for R12. This
value was determined from our data, and it also fits
the data of Vaihinger and Kaufmann well.

The Chen correlation may be modified using the
pool boiling equation by Gorenflo and the sup-
pression factor S by Bennett et al. This modified
Chen correlation predicts our measurements with an
average deviation of 4.4% and a mean deviation of
6.1%. The pool boiling equation by Gorenflo is appli-
cable to many substances with different constants
given in ref. [17].

The flow direction has no obvious effect on the

20000 I _
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Fic. 13. Comparison of flow boiling correlations at
11x 10° Pa.
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heat transfer coefficient for fully developed nucleate
boiling.
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EBULLITION NUCLEE ETABLIE DANS UN ECOULEMENT ASCENDANT OU
DESCENDANT

Résumé—Des coefficients de transfert thermique pour I’ébullition en écoulement du R12 sont obtenus pour
un large domaine de pression de flux de chaleur, de débit etde qualité du fluide. Les résultats expérimentaux
sont comparés avec sept formules différentes connues. On trouve un bon accord seulement avec quelques
unes. Le meilleur accord concerne la formule de Chen modifi¢e qui utilise I’équation d’ébullition en réservoir
de Gorenflo et le facteur de surpression de Bennett et alii. Dans la formule proposée par Bjorge et alii une
valeur numérique de la constante By est recommendée pour R12. Pour une vitesse minimale du liquide
égale 4 0,25 m s/, on ne peut pas observer clairement un effet de la direction ascendante ou descendante
de I’¢coulement.

VOLLAUSGEBILDETES BLASENSIEDEN BEI AUFWARTS- UND ABWARTSSTROMUNG

Zusammenfassung—In einem weiten Bereich von Druck, Massenstromdichte, Warmestromdichte und
Massendampfgehalt werden Messungen zum Wirmeiibergang beim Stromungssieden von R12 durch-
gefiihrt. Die Ergebnisse werden mit sieben verschiedenen Korrelationen aus der Literatur verglichen. Nur
fiir einige Korrelationen wurde eine gute Ubereinstimmung festgestellt. Beste Ubereinstimmung wird mit
einer modifizierten Chen-Gleichung erhalten, wenn die Behiltersiedegleichung von Gorenflo und der
Blasenunterdriickungsfaktor von Bennett ez al. verwendet wird. Fiir die Fluidkonstante By, der Korrelation
von Bjorge et al. wird ein Wert fiir R12 angegeben. Ein deutlicher Einflufl der Stomungsrichtung (aufwirts
oder abwirts) auf den Wirmeiibergang wurde nicht beobachtet. Die kleinste Leerrohrgeschwindigkeit der
Fliissigkeit war dabei 0,25 m s~ ",

IMOJIHOCTBIO PA3BHUTOE NY3bIPBLKOBOE KHUITEHHE B BOCXOOANIEM H
HUCXOOSAMWMEM NOTOKAX

AnmpoTaums—B 3xcnepEMeHTax Mo KHIEHUIO B TOTOKe (ppeoHa 12 monydeHm K03pHUMEHTHI TemIomnepe-
HOCa JUIA IMHPOKOrO AHANA30HA JAaBJIEHHH, TOTOKOB MAcChl H TEILIa H Mapocoaepxanns. CpaBHHBAIOTCA
JKCNIEPAMEHTAIIbHEE PE3YJILTATH C JAHHBIMH, MOJMYYCHHBIMH N0 CEMH H3BECTHBIM M3 JIMTEPATYpPHI pa3-
JMYHBIM 00o6marommM cooTHOmeHHAM. Xopollee coBNajcHre HAGMOAAIOCH TOJIBKO IS HECKOJBKHX
COOTHOIUEHHI, a HAKTyTIee — IS MoaudHIApoBaHHOM 3aprcuMocTd YeHa, Hemosm3ylolle# ypasHe-
HHe Fopendio Wis onBcaHAs KUNEHHs B HonbIoM o6beMe 1 paxTop nozasiieHHs kuneHus bennerra H
Ip. B cootnowenny, npennoxeHHoM Buépre u ap., nocrosgHHas By, ans ¢peona 12 BrpakeHa YHCIEHHO.
Ipn MEHEMAJILHOM CKOPOCTH XHAKOCTH B 0.25 M cek ™! HeNb3s PasTHUHTE YETKOTO BIMSHHA HA PE3yiib-
TaThl HAMPABJICHUS TCYCHHS (BBEPX HJIH BHU3).



