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Static and dynamic characteristics of pressure drop in supercriti-
cal pressure boilers were studied. In this paper, experimental results
of static pressure drop of CO, at supercritical and relatively high sub-
critical pressures in a heated test tube were presented, and effects of
various factors such as flow rate, heat flux, inlet temperature, and
pressure were discussed. The calculated results by numerical integration
using the friction coefficient of single phase flow agreed with the ex-
perimental results. The experimental results were well correlated by the
dimensionless expression of pressure drop previously reported. This means
that the results obtained by this CO, experiment will be also applicable
to the case of working fluid of H,0. Mean friction coefficients of super-
critical fluid in the whole tube length were shown and an empirical e-
quation of the coefficient for the heat flux was proposed.

1. Introduction

Recent development in supercritical
pressure power plants requires more precise
information on the characteristics of heat
transfer and pressure drop of the working
medium in steam generator at the supercriti-
cal pressure. Static and dynamic behaviors
of pressure drop are one of the important
factors in designing steam generating tubes
of supercritical boilers. Many investigations
on the pressure drop in the low pressure
steam generator have been conducted, but
few investigations have been made on the
pressure drop in the supercritical pressure
region and subcritical pressure region near
supercritical pressure.

This series of reports presents experi-
mental and theoretical results of pressure
drop in the supercritical and subcritical
pressure regions of the steam generating
tubes. In this first report the static
characteristics of friction pressure drop
in supercritical and near critical pressure
regions are presented and in the following
reports the experimental results and the
theoretical analysis of dynamic character-
istics will be reported.
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Carbon Dioxide is selected as the
working medium in this study for the follow-
ing reasons: (1) High cycle efficiency can
be obtained by CO, condensing cycle as
reported by Angelino{l) . (2) The critical
pressure of CO, is relatively low, 75.3ata,
and the critical temperature is low, 31.04
°c. (3) CO, is chemically stable and
harmless. (4) Experimental results for CO,
can be applied to predict the character-
istics for high pressure steam by the
authors’ method.

Pressure drops in steam generating
tubes of supercritical pressure boilers are
large compared with the system pressure.
Then the purpose of this study is to make
clear the characteristics of large pressure
drop in a long heating tube. Therefore, the
experiment is conducted with the condition
of maximum pressure drop of 30 kg/cm? for
the exit pressure of 80 ata. The character-
istics of friction pressure drop with re-
spect to heat flux, inlet temperature, and
system pressure are obtained experimentally
and are compared with the numerical analysis
of authors’ and with other correlations
previously reported.

2. Experimental apparatus and
Procedure

A schematic diagram of the apparatus
is shown in Fig.l. Liquefied CO, supplied
from a vessel is circulated by a recipro-
cating pump(l)with a R.P.M. regulator(:§
through a filter , preheater(:), flow
meter%:), test section() , and condenser

. The pressure at the exit of the test
section is controlled by the exit valve(:)
Flow fluctuation is eliminated by an accumu-
lator Flow rate is controlled by regu-
lating the pump speed and the flow control
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valve(:). The flow rate is calculated from
the pressure drop in a helical tube type
flow meter(7)and the pressure drop is
measured by a differential pressure trans-
ducer , Sstrain amplifier , DC ampli-
fier , and recording oscillograph .
The calibration curve of flow rate is ob-
tained by a water test run using relation
between the friction coefficient and the
Dean number De=Re(d/D)0-5. The pressure at
each location is measured by Bourdon tube
pressure gauges. The pressure drop in the
test section is measured by two pressure
transducers and a bridge circuit ,
and is recorded by an oscillograph(l§ through
a strain amplifier and a DC amplifier.
Test section inlet temperature is controlled
by a voltage regulator and measured by a
C-A thermocouple and a digital voltmeter
Test section exit temperature is measured

by a similar method as the inlet temperature.

is a cold junction for thermocouples.
Tube wall temperatures along the test section
are measured by 12 C-A_thermocouples and a
temperature indicator The test tube is
heated uniformly by alternating current of
voltage lower than 20 v transformed by a
voltage regulator and a trnasformer
The electric power is measured by a current
transformer Cg and a wattmeter Cé

The detail of the test section is shown
in Fig.2. The test section is constructed
of SUS304 tube with 3.95 mm I.D., 7.0mmO.D.
, 28.3 m total length, 246 mm coil diameter
and 1.35 m heigth. Electric power is supplied
to the test section from 4 copper terminals
which divided the test tube into three
portions of equal length, and the test tube
is thermally insulated by glasswool. Frition
coefficient measured in turbulent region in
a straight section which is constructed of
the same tube as the helical test section
coincides with Blasius’ equation.

The friction coefficient A. in the
test section measured for single phase flow
of water is shown in Fig.3. In the figure
the ratio of Ac to Agp is plotted against
Dean number, where the friction coefficient
AgL is calculated by the equation Agp=64/Re,
The experimental results in laminar flow
region agree well with White’s curve ) and
that in turbulent flow region is a little
higher than Ito’s equation ‘3. The latter
may be due to the resistance by the welded
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connections between element tubes in the
test section. The experimental results are
expressed by an empirical equation

Je/ 251,=0.008 326D,"- 906 ®

in turbulent flow region where the Dean
number is higher than the critical value of
Ito’s equation(3)Dﬂ,;2uw0)mﬂx1w .

All experimental data are obtained by
changing the flow rate stepwise at a constant
condition of exit pressure, inlet tempera-
ture, and heat input, and the same procedures
are repeated under different exit pressures
, inlet temperatures, and heat inputs. Thus
, the friction pressure drop versus the flow
rate curves are obtained for various values
of parameters. From these curves the charac-
teristics of the friction pressure drop are
investigated. In order to check the inner
condition of the test tube, the pressure
drop under non-heated condition is measured
before and after each test run to confirm
the condition being unchanged.

Experimental ranges are as follows:
Exit pressure Po=60~80 ata, heat flux Q=0~
1.3x10% kcal/m2h, inlet temperature Tj=12~
28 °c, flow rate 472~4700 kg/mZs.

3. Friction pressure drop in
heated tube

Friction pressure drop in heated tube
APg is obtained by

AP ;= AP—(4Pe+APy) +HnTo

where AP is the differential pressure
measured in the test tube, AP, the acceler-
ation pressure drop, APj the gravitational
pressure drop, Hp the height between the
inlet and exit pressure taps, and vo the
mean specific weight of CO, in the connection
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Fig.3 Friction coefficient of test tube
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tube from the pressure tap to pressure
transducers. In these experiments the values
of AP, and AP} are very small compared with
APg and the value of (H,y,-AP4-APL)/APg is
less than 1 %. Therefore the measured values
of AP can be considered the friction pressure
drop in these experiments.

3.1 Experimental results of friction
pressure drop

In Figs.4, 5, 6, 7, and 8 are shown the
experimental results at various conditions
of exit pressure P.,=80, 65, 60 ata, inlet
temperature T;=12, 22, 25, 28 °c, heat flux
Q=0~1.3x10%kcal/m?h. As the critical pressure
of CO, is 75.3 ata, the reduced pressures
P/Pcr of. these runs are 1.06, 0.863, and
0.797, therefore these values correspond to
the exit pressure of 240, 195, and 179 ata
for water. The relation between friction
pressure drop and flow rate in the case Pg
=80 ata is shown in Fig.4 for various values
of T; and Q. For the case of Q=0 kcal/m?h
AP¢ increases monotonously as a curve of
second degree. The higher the heat flux, the
higher the friction pressure drop, and when
the value of Q is relatively high, the curve
of AP¢ has a point of inflexion like acurve
of third degree. In Fig.5 the effect of
inlet temperature on friction pressure drop
at P¢=80 ata is shown. Friction pressure
drop increases with the inlet temperature
for any value of heat flux, because of the
increase of specific volume of CO,. The
curve of APg-G has a point of inflexion at
low flow rates for relatively highheat flux.
This is explained by the following reason.

Friction pressure drop in the whole
length Ly is obtained by the equation

APf=§;—d(%)zf;”"”dL R (3)
where v is the specific volume at a location
L, A .is the friction coefficient at L, and
F is the cross sectional area of the test
tube. Here, the fluid flow in supercritical
pressure region can be considered a single
phase flow, so v can be determined uniquely
without taking account of steam quality or

251
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Fig.4 Friction pressure drop

slip ratio in two phase flow, and A is de-
termined in the same manner as in the single
phase flow, though the value is affected by
the density and viscosity distributions in
the cross section. The specific volume in
supercritical pressure increases approxi-
mately linearly with the enthalpy as shown
in Fig.9, and the slope in the range higher
than the pseudo-critical point is far larger
than that in the lower region. The upstream
region from the pseudo-critical point is
called a preheated region and the downstream
region is called a superheated region. E-
quation (3) is expressed with the preheated
length L, as follows:

- QI [ v ]

In the case of higher flow rate LT is equal
to Ly, so APg¢ is equal to the first term in
the right hand side of the above equation.
The change of specific volume is so small
that only the effect of flowrate on pressure
drop is dominant. In the case of lower flow
rate, the length L; decreases and L, increases
and also the change of v in the second term
is large, therefore the friction pressure
drop of the sum of two terms has a point of
inflexion on the curve of APg-G.
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. The broken line in Fig.4 is the locus
where the exit of the test section is at
the pseudo-critical condition. At theright
hand region of that line, all the test tube
length is in the preheated region, and the
left hand region the test tube is constructed
of the preheated and superheated regions.
In Figs.6 and 7 are shown the friction
pressure drop - flow rate characteristics
at P.=65 ata, T;=12, 22 °c, and Q=0-1.3x10%
kcal/mzh. In these case the exit pressure
is below the critical pressure, and when the
friction pressure drop is larger than 10.3
kg/cm?, the pressure at the inlet of the
test section is higher than the critical
pressure, 75.3 ata. The boundary is shown
by the broken lines in the figures. APg¢
increases with the inlet temperature and
heat flux. The friction pressure drop in the
region above the broken line increases mo-
notonously with the flow rate, because the
change of specific volume due to evaporation
is very small at this subcritical high
pressure and only the effect of flow rate
dominates. In the lower region of the broken
line APg¢-G curve apparently has a point of
inflexion at high heat flux and low flow
rate for the same reason as mentioned above. "

Figure 8 shows the effect of the exit

pressure on APg at T{=22 °c. The value of
APg increases with a decrease of the exit
pressure at each value of heat flux; this
mainly due to the increase of specific
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volume with the decrease of pressure.

3.2 Numerical analysis of friction
pressure drop and comparison with experi-
mental results

The density, the dynamic viscosity,
and the specific heat of the fluid at super-
critical pressure change abruptly in the
pseudo-critical region, therefore the vari-
ation of these properties along the tube or
in the boundary layer inside tube will affect
the pressure drop. #ut the variation of
these properties in a boundary layer is not
taken into account in this report and the
fluid at supercritical pressure is assumed
as a homogeneous fluid, thus the friction
coefficient in a straight tube can be calcu-
lated by Blasius’ equation using the proper-
ties at the mean enthalpy in the cross
section. Also, the friction coefficient in
the test section is calculated by the experi-
mental e%uation (1) which is similar to Ito’s
equation (3 .| The variation of the velocity
and friction coefficient with the enthalpy
and the static pressure along the test tube
length results in the change of the pressure
gradient at the local point in the test
section. So it is necessary to integrate
the local value of the pressure gradient
along the test tube in order to get an exact
value of the total pressure drop. The calcu-
lation is conducted numerically by adigital
computer.

Momentum equation for a test tube
segment in Fig.10 is given by

dP G2/ dv
Faar v

sing , 1 (G
T 4L T gF\dL +4 ( )"’

v 29d \F
wherw 6 is the angle between the tube axis
and the horizontal plane; g is the gravi-
tational acceleration. The value of enthalpy
i;_1 at the exit of segment j can beobtained
from the flow rate, the heat input, and the
enthalpy at the tube inlet as follows:

tii=i,+Qr(N—j+1)/G/N .

Specific volume Vi-1 and kinetic viscosity

10 f-=— P/P,(>1.06 —
g | == 133
s |- 1.53
\8 S
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Vi

Fig.9 Approximate relation between
specific volume and enthalpy

P P Pia P, Py Pe

NN S .4

N S IV I 8

dL Lat] [T T
Ly

~Fig.10 Model of heated tube
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vj_q at point j-1 are determined by using
ent%alpy ij_1 and pressure P;_j froma steam
table. The specific volume and the kinetic vis-
cosity for the segment j are assumed to be
approximately equal to vj_i and v. . Te-
spectively , then from Eq.(5) the” friction
pressure drop, the acceleration pressure
drop, and the gravitational pressure drop
at the segment j are expressed by Eqs.7, 8,
and 9 respectively.

dL (G\?
6Py=1ry 5 (F) Bro g crerressaas (7
- 1 2
DP,.J':"‘;(—;;T) (05o2—vy)s cev oo vnans (8)
- dL
0P)u'=v‘j:smﬂ s e (9)

where Aj is the friction coefficient for
the segment j and is calculated from v;_q,
vi_1, and Eq.(1). The sum éPj of Eqs.(;),
(é), and (9) gives the pressiure drop at the
segment j, then the inlet pressure in
segment j is given by

Pi=Pi_(+6P; . esececsnan (10)

Pressure drop at segment j+1 is calculated
by using P; and i; in the same manner.
Thus the pressure drop along the whole test
tube can be obtained by repeating these
calculations from the exit of the tube to
the inlet. These calculations are conducted
with the number of segments N=30 by numeri-
cal integration.

The comparison of the calculated values

and the experimental ones is shown inFig.11.

The calculated values at Q=0 kcal/m2h agree
well with the experimental ones. For the
case of the heating experiment, the calcu-
lated values agree approximately with the
experimental ones but are little higher
than the experimental ones. The reason may
be that the estimated friction coefficient
determined from the mean enthalpy in the
cross section is smaller than the actual
friction coefficient, because the temper-
ature in the boundary layer is near the
pseudo-critical temperature and the value
of viscosity becomes lower and also the ve-
locity profile is not the same as in homo-
geneous fluid (¥ .

T T
Pe=80ata T.=22% |
r_Expey-iv:ent Q= keal/m?hr
® 1.14x 104
6 0.57x 10*
© 00 /

| Numerical me—

analysis {/
15
y

/

NINY.774
7

sh- Agggy &

0 50 100 150 200
G k3'he

~
[

N
[=2

APy ky/em?

A

Fig.11 Comparison between calculated and
experimental values of friction

pressure drop

3.3 Mean friction coefficient of
fluid in supercritical pressure region

It is desirable to calculate the
pressure drop with a simpler method using
the mean values of the friction coefficient.
Assuming that the friction coefficient Aex
is constant along the tube and the mean spe-
cific volume in preheated and superheated
region is approximated by vi=(Vi+vpep)/2
and v=(v,.*+Ve)/2 Tespectively, then Xex
is expressed by

rL 2 er er+ 0,

b [ 5 ) -
where the values of Lj, L, are determined
by the equations Ll=(ipcr—ii)/(ie—ii), Ly=
Lp-Lj, in which pseudo-critical enthalpy
ipcr is assumed to be determined from the
exit pressure, and vi and v, are the spe-
cific volumes at the tube inlet and exit
respectively, and v,y the pseudo-critical
specific volume determined from ipcr. Aex
is expressed by a ratio of an assumed
friction coefficient A, which is calculated
from Eq. (1) using the exit pressure and the
mean enthalpy and specific volume.

In Fig.12, the ratio of Aex to Ap is
shown for various heat fluxes Q against the
mean Reynolds number Rgp=Gdvy/ (Fvp), where
Vvp and vy are mean values of specific volume
and kinetic viscosity respectively. The
ratio Ao, /A, is about 1.0 at Q=0 kcal/m?h
and has a tendency to decrease with an in-
crease of heat flux, and Reynolds number
does not affect the ratio. The relation
between A /A, and Q for these experiments

is given by an empirical formula as shown
in Fig.13
12
e I
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Fig.13 Mean friction coefficient
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Aez/An=1.0—0.1(Q/10*)2 . 4o v oeuonnye (12)

The experimental results of Aex/xm agree
with Eq.(12) within an error of 15 %.

3.4 Friction pressure drop ratio in
subcritical pressure region

The friction pressure drop in an evapo-
rating region is given by

APr=AP/—AP: , e (1 3)
where AP, is the friction pressure drop in

the preheated region. Here, AP¢ is assumed
to be given by

s Lr (i'—i\ (G 2ot
AP=1 (= )(F) ERRERREE (14)
where the friction coefficient A' is ap-
proximated by that for saturated liquid,
the specific volume is approximated by (vy
+v')/2 and also the saturated liquid
enthalpy for a value equal to the tube exit
pressure. Then the friction pressure drop
ratio AP, /APy, is defined as the ratio of
friction pressure drop at the evaporating
region to an imaginary friction pressure
drop of single phase flow in saturated
liquid condition, which is given by

i—i’\(G\?,
aner LGN e 05
The expression of AP,/AP, was used in corre-
lations for steam-water two-phase flow and
the correlation curves forvarious pressures
were groposed by Martinelli-Nelson {5 and
Thom (6) |

The relation between AP,/APy and exit
quality Xe=(ie-i')/(i''-i') is shown in Fig.
14 for various Tj and Q. It is seen that
AP,/APy is independent of the heat flux and
inlet temperature and can be expressed by
an empirical equation

AP,/ 4P;=0.54x,+1.0 .

In order to compare the present results
with those in water, Thom’s curves for
water at 195 ata, (P/P.,=0.863) and 211 ata
(P/Pcr=0.935) are cited in the figure.
These pressures correspond to 65 ata and
70.4 ata for CO, respectively. These expri-
mental results for CO, are for the exit
pressure of 65 ata, so the pressure at the
inlet is 95 ata to 68 ata. Therefore, these

2.0 I
211 ata
o H20 Thom~|
3 195 atq €]
S5 . J Fog-e?
e eo
& o
rx)
1.0 LJ AP, /8P =054 3¢ +1.0
Ti=22°C T=T
© Q=1.30x10*kcal mhe © @=1.30x10" |
05—0 " 114 © 0645
L] 8-355 o,
e 0645
° 10‘570 SSataL
0 02 04 06 z, 08 10

Fig.14 Friction pressure drop ratio
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data refer to the region between Thom’s
curve for 195 ata and the horizontal line,
that is AP, /APg=1.0. Consequently, it can
be said that these experimental results
approximately agree with Thom’s correlation
which is modified for CO,.

4. Dimensionless. expression of
friction pressure drop

Generalized expressions for friction,
acceleration, and gravitational pressure
drops were proposed in the authors’ previous
report {7) | and the effects of flow rate,
inlet temperature, heat flux, and pressure
on each pressure drop value were expressed
by very simple equations. These equations
can be applied also to CO,.

4.1 Generalized characteristics of
friction pressure drop at supercritical
pressure

The friction pressure drop - flow rate
characteristics are generalized by the follow-
ing method. Dimensionless flow rate £ and
dimensionless friction pressure drop AP g*
are defined as follows:

£=G/Go, AP;*EAPI/APJ“, ........ (1 7)

where Go is a reference flow rate defined
as the flow rate at which the fluid assumes
a pseudo-critical state at the tube exit at
certain values of pressure, heat flux, and
inlet enthalpy. APgo is the reference
friction pressure drop defined as the
friction pressure drop when the flow rate
is Go.

Using the approximated relation for
enthalpy and specific volume as shown in
Fig.9 and assuming a uniform heat flux and
a uniform friction coefficient along the
test tube, the generalized expression of
friction pressure drop is expressed by

o 3? brs b
AP = Dy car) { s (1—7)6

+(1—br,)+%%} ,
where a and b represent the gradient of
specific volume vs. enthalpy in preheated
and superheated regions respectively(Fig.9)

, and rg is defined as

rs=(icp—i:)/icp y trerecereseaoan (19)
"o T T
Fe=80dta oQ"g-ggg‘iO
* o =999 e (. keal mth
dog [T g §gay kel
< brs=1.07 ° 114
a/b=0242 e |30
Numerical analysis |
0.6 +————fg (1)
—-~—£3.Q20)
04 —
02 H20 240ata
—--— E3.(18) brs=107
‘ a/b=0.0953
1
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Dimensionless characteristics of
friction pressure drop

Fig.15
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where icp is the boundary value between e pof L 70, oV, 1 71
preheategandsuperheatedregions and nearly Apfae{zn rq*(Lfa %F5a7ﬁ?k
equal to the pseudo-critical enthalpy. The (1+l;v1£é<1 _______ (21)
value of i., is 148.2 kcal/kg at pressure ol = ’
?0 ata for 802. Sgb§t1tut10n gf a/b=0 that APﬁ:54{%“l;~aﬂ+~ij+l{1+lly
is, constant specific volume in preheated Lhe 7o rol 2 7o !
i i i ro dVsH ). ] 7 \ 70 dV
region, into Eq.(18), gives 2 ;E;*;+{1+“_«1+7:>;%Eﬁf}
pv::ﬂﬂig (1=br. bre 1YV, 1 ro dVsg 17 . -1
AP At (20) T amm g 0=es(l) T, e (22)
It can be seen from Eqgs.(18) and (20) that where a=v"/v'-1, ro=i'-i;, r=i"-i', and
the dimensionless characteristics of dVgy/dIgy is the gradient of specific volume
friction pressure drop depend on only a/b against enthalpy in superheated region.
and brg independently of the heat flux. The experimental results of friction
Experimental results of friction pressure drop at Pg=65 ata agree well with
pressure drop at P =80 ata, Tj=22 °c and Eqs.(21) and (22) as shown in Fig.17. So
12 °c fall on a single curve independently the generalized expressions are useful also
of heat flux as shown in Figs.15 and 16, at the subcritical pressure, and Eqs.(21)
and also the calculated results obtained and (22) are applicable not only to CO, but
by numerical integration and the results also to HoO for the same reason described
by Egs.(18) and (20) in these figures. The above.
experimental data, numerically calculated
result and these equations agree with each 4.3 Comparison with the previous
other. Therefore, if an absolute value of method of friction pressure drop at super-
friction pressure drop at a certain flow critical pressure
rate is known, the absolute values of the Prediction methods of the friction
friction pressure drop at other flow rates pressure drop at supercritical pressure
can be well predicted using the above re- have been reported by Ishigai-Sekoguchi(w
lations. APg*-£ relation is uniquly de- and Shvarts et all9 The calculated values
termined only by a/b and brg independently by both methods are normalized to get the
of kinds of fluid as can be seen from Eqgs. relationship between APg* and £, and these
(18) and (20). The equivalent pressure and are shown in Fig.18, and compared with the
inlet enthalpy for water are 240 ata and results obtained by authors’ methods. The
445, 422 kcal/kg against the experimental conditions used for the calculation are as
conditions of P,=80 ata (P/Pcy=1.06) and
T;=22, 12 °c (brg=1.07, 1.5) for COp Te-
spectively. The calculated results for
water with the above conditions by Eq. (18) 0
are shown in Figs.15 and 16. These curves " ] ‘ i
agree well with those for CO,, though the o I Q kealfnthe
values of a/b are different from each other ,&g'?f!;%; ﬁ?géSHO ]
but the effect is very small. S | 0923.-.- [0 087
061220y (g 98° —
4.2 Generalized characteristics of Pe=65ata \
friction pressure drop at subcritical 0.4 | <
pressure 7 Egs. (21 & (22)
The generalized friction pressure drop 02 .
defined with Eq.(l7) in subcritical pressure o AAJ
region in a tube composed of a preheated Lﬁ@ﬂ
and an evaporating region is expressed by 0 02 04 06¢ 08 10
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follows: The working fluid is water, a
straight tube of 34.5 mm I.D., and 300 m
length, heat flux Q=3.3ZXIO“kca1/m2h, Pe=
300 ata, rg=0.2 (i;=412 kcal/kg), and Pg=
500 ata, rg=0.48 (1;=277 kcal/kg). As the
friction coefficient in this calculation
Itaya’s equation (23) is used.

=0.314/{0.7—1.65log R.+ (1ogR.)% « ¢ s s o v o ae e (23)

It is seen that all curves agree well
at low rg, and Eqs.(18) and (20) give
slightly smaller values than those by the
other methods at high rg. The absolute
values of the friction pressure drop obtained
by these methods differ slightly with each
other owing to the difference in the as-
sumptions used. But the normalized charac-
teristics (APg*-£) for these methods approx-
imately agree with each other.

5. Conclusions

Experimental investigation of friction
pressure drop of CO, in a long heated tube
at supercritical and subcritical pressures
are conducted, and the following results
are obtained:

1. The friction pressure drop increases
monotonously with the flow rate as a curve
of second degree at low heat flux, and that
changes as a curve of third degree having
a point of inflexion at high heat flux.

2. The calculated values of friction
pressure drop by the numerical integration
method agree well with the experimental
results.

3. The mean friction coefficient along the
tube is expressed by Eq. (12).

4. Generalized expressions for the friction
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pressure drop (18), (20), (21), and (22)
agree well with the experimental results.
This means that the results obtained for
CO, can be applied to the prediction of the
friction pressure drop for H;O.
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