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ABSTRACT 

The results of a study of pressure drops across a 5/32 inch 

throat venturi meter and a 5/32 inch thin plate sharp-edged orifice 

for the horizontal cocurrent, flow of the air-water two-phase two- 

fluid system in a 3/4 inch pipe under essentially isothermal conditions, 

are presented. This is the first critical study of two phase flow 

in a Venturi meter and. in a 5/32" orifice. 

Flows of water of 0.1 to 1.7 gallons per minute with air rates 

in range of 0.00022 lbs/sec. to 0.0092 lbs/sec. of air mixed in were 

studied. All flows were turbulent when judged with the conventional 

Reynolds =ober criteria. It was found that two phase two fluid 

flaw in this region was not steady but fluctuated. 

Predicted pressure drops calculated with the Chenoweth-Martin 

Correlation (1) gave results which were 50% to 150 too high for the 

orifice. An improved correlation is presented which gives predicted 

pressure drops to within 15% of the actual results for 8$ of the 

data calculated, for both the orifice and the Venturi. 

It is shown that temperature has important influence on single 

phase water flow in venturi, a 3.0% increase in pressure drop being 

observed with temperature rise in tap water trims 3.0°C to 40°C. 

(1) Ref. 10 
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PREFACE  

This thesis is the result of interest developed through two 

phase two fluid flow studies at the Newark College of Engineering 

Advanced. Unit Operations Laboratory. 

Work done by Martinelli (2), and simplified by Bergelin (3) 

indicated that an empirical method for estimating liquid-gas mixture 

pressure drops in a Horizontal pipe line system was possible. 

It was decided to study the problem, using a controlled and 

well established medium for flow measure and pressure drop. The 

venturi meter and orifice were selected as this media. 

Alves (4) re-studied the work of Martinelli and presented an 

inconclusive pressure drop study across for a return bend and a tee, 

with openings in a vertical plane. 

Chenoweth and Martin (5) proposed an improved correlation 

encompassing valves, fittings and en orifice, using standard friction 

coefficients for the fittings. 

Their data were published during the preliminary investigations 

on this thesis. 

(2) Ref. 5 (3) Ref. 4 (4) Ref. 11 (5) Ref. 10 



The apparatus for this thesis was designed, constructed and 

operated by the Writer at the Newark College of Engineering. 

The writer wishes to thank Professor G.C. Keefe for his 

guidance in this project and Mr. Furmadge of the Operations Labo- 

ratory for his assistance in the construction of the apparatus. 
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INTRODUCTION  

This thesis was undertaken to study the isothermal flow of a 

two-phase two-fluid system across a venturi and en orifice, with the 

purpose of developing a correlation to predict more accurately 

actual pressure drops. 

Air and water were selected as the fluids to be studied. Nitrogen 

and carbon dioxide were considered for study but these were not 

pursued; it was felt that the molecular weight of Nitrogen and its 

physical characteristic were close enough to that of air to not make 

its study significant. Data, to date, on the air-water system gives 

reproducibility to only 50%. Carbon dioxide posed a solubility 

problem which would remove the study from the realm of 'mixtures". 

Equipment was installed to permit any liquid to be used, especially 

to study effects of surface tension, but the work was beyond the scope 

of this thesis. 

Martinelli (2) originally proposed an empirical correlation for 

the estimation of pressure drops for a two-fluid two-phase mixture 

in a Horizontal pipe and his results were presented by Bergelin (3) 

as "more usable" data. His correlation gave reproducibility of t2 

and -50% in. Horizontal 1 1/2" pipe when the overall average pressures 

were low, that is in the neighborhood of 18 PSIA. The use of his 

method involves the calculation of a parameter X which involves the 

(2) Ref. 5 (3) Ref. 4 



ratio of the pressure drop of the liquid to that of the gas, each 

pressure drop being calculated as if the fluid were flowing alone in 

the system. These pressure drops are calculated by the standard 

Reynolds number & ramming Equation theory but are modified by factors 

which are obtained from empirical data obtained by Martinelli. These 

factors are dependent of flow characteristics of the fluids and are 

determined by a study of the Reynolds Numbers of the individual  fluids. 

The two phase pressure drop is determined from parameter 0 which is 

obtained from a plot of 0 vs. X. 

Experiments in this laboratory indicate the above correlation for 

air-water flow in 1/2" pipe agrees within the limits of experimental 

accuracy as noted. 

Alves (4) in l95 presented his work on 1" pipe which bore out 

the results as obtained by Martinelli. 

The standard return bend and side flow through a "Tee" are 

discussed briefly for the above fittings, published values of pressure 

drops expressed as equivalent lengths of pipe, hold for two phase 

two fluid flow, for the limited cases studied. It is pointed out, 

however, that his results are inconclusive in this respect. One of 

the chief difficulties lying in the fact that the fittings lay in a 

vertical plane - the differences in static head being mathematically 

corrected. 

(4) Ref. 11 



The results for pressure drops in straight pipe flow agree, 

within experimental accuracy, with those of Bergelin. 

Alves presents an excellent physical and pictorial description 

of the "types" of flow encountered in his two phase air-water system, 

i.e. bubble, plug, stratified, wavy, slug, annular, and spray flaws. 

Chenoweth and Martin (5) present the latest (October 1955) work 

on two-phase two-fluid system pressure drops, an improved correlation 

being presented for test sections of 1 1/2" and 3" pipe size as veil as 

a 3" globe valve, 3" long radius return bend, and, of greatest interest 

to this thesis, a sharp edged orifice of diameter ratio 0.55. 

Apparatus used by Chenoweth was essentially the same as that of 

Martinelli and Alves. However, where Martinelli limited his studies 

to a maximum of 50 PSIG and 1" pipe, Chenoweth worked. with 1 1/2" and 3" 

pipe for pressures up to 100 PSIA. It was noted that the Martinelli 

correlation gave calculated results up to 250% too high for 3" pipe 

and 100 PSIA. 

For turbulent flow Chenoweth offers en improved empirical correla- 

tion, which tends to correct for pressure. The correlation is a plot 

of two phase pressure drop divided by a fictitious all liquid pressure 

drop versus the Liquid Volume Fraction with the ratio of the fictitious 

"all gas" to the fictitious "all liquid" pressure drop for the system 

as a parameter. Figure 8 shows their complete correlation. Using the 

Chenoweth correlation, the average of absolute deviations is 19% for 1 1/2" 

and 3" Horizontal pipes, for turbulent flow. 

(5) Ref. 10 



Chenoweth treats fittings by using the single phase friction 

coefficient for the fitting, as suggested by the Hydraulic Institute 

in 1948 (6). Inspection of Figure 8 shove that the parameter is 

reduced to the ratio of the specific gravities of the fluids at the 

test section, simplifying the calculations for orifice and Venturi 

alike. 

The work presented in this thesis studies the air-water system 

through a test section of 3/4" pipe and a specially designed standard 

orifice and venturi meter, each having a nominal  throat diameter of 

5/32 inch. Flow of water varied from 0.1 to 1.7 GPM, being mixed 

with from 0.00022 to 0.0092 lbs/eec. of air. Throat pressures varied 

from 2 to a maximum of 30 PSIG. These ranges were selected to give 

* complete range of pressure drops of pp to 50 Thebes of mercury; and 

the Venturi and orifice diameter of 5/32.inch was, by design, most 

suitable for producing the suitable pressure drops with available 

laboratory equipment. The design of the equipment proved to be very 

satisfactory for the study undertaken. 

A literature survey was made on the "Please Anthony" Venturi 

scrubber inasmuch  as pressure drop across a Venturi scrubber are a 

measure of its efficiency (7). All references indicate a flow rate 

of from 2 to 6 GM of water per 1000 um of air with a 9 to 15 inches 

of water pressure drop. 

(6) Ref. 12 (7) Ref. 1, 15, 16, 17 & 18 



Considerable work has been done on two phase single fluid flow 

in orifices and to a lesser extent in venturies. 

(See Ref. 21, 22, 23, 27, 30.). Monroe (11) has developed an equation 

for relationship among a series of knife-edged orifices for the 

following variables: mass flaw, viscosity, temperature, density, and 

pressure drop across all the orifices. 

The most Important system for single fluids is ate and water 

and much work has been done in this direction for steam trap designs  

boiler design and related equipment. 

(ii.) fief. 27 



EQUlPMENT  

The equipment was designed and installed strictly in accordance 

with Figure 1 and the Equipment Schedule which is part of Figure 1. 

It is to be noted that three teat sections were available, Test 

Section V for all Venturi runs, Test Section 0, for runs 19 through 

22, and Test Section 02 for all other orifice runs. Pressure taps 

for Venturi and Orifice were standard, as indicated in Figures 2 and 

3 except for Test Section 02 which had pressure taps 38 pipe diameters 

up and downstream of orifice as shown in Figure 1. 

The temperature, pressure, and pressure drop measuring instruments 

are labeled to conform to match the calculated and uncalculated data 

columns in Tables 2 and 3, except for rota ter readings RA and RW 

which are obviously for air and water and are tabulated in Column 4 

and 8, respectively, in Table 2. 

Water Rotameter "L"  vas calibrated and found. correct to ±.05 

G.P.M.; pressure gages were checked to maximum of 50 inches of mercury 

and were correct to ±.5 PSIG, the maximum deviation occurring belay 

5 PSIG. 



EQUIPMENT SCHEDULE  

A - Pressure Reducer, Foster Engineering Company #567030, 1/2", 

10 SCFM air from 90 PSIG to 45 • 

B - Safety Valve, Tart* 629, 1/2" Bronze, Set at 45 PSIG, 'when used. 

C - Temperature Indicator, glass laboratory thermometer, range 

-10-0-60°C. 

D - Compound Gage, Ashcroft 1010, range -30-0-60 PSIG; 3 1/2" Dial 

E Fischer and Porter Company, SCFM Air Mater 14.7 and 

70°F., Range 0.3 to 3.5, Serial No. W5-1326-2 

F Fischer and. Porter Company„ SCFM Air Meter 6 14.7 and 

70°F., Range 0.1 to 1.2, Serial No. W5-13264-1 

G - Schutte Koerting Syphon Fig. 217, 1/2" Size, Bronze, Capacity 

270 GPH at 40 PSIG, 1 Pt. Suction and 20 Ft. Discharge 

H - Schutte Koerting Water Jet Eductor, Fig. 264, 1/2" Size, Bronze, 

Capacity 127 GM Water @ 10 PSIG Pressure, 0 Suction, 0 Dis-

charge 

J - Liquid Pump, Oberdorfer, 1/2" x 1/2" Bronze, Capacity, by Lab 

test, approx. 4 GPM @ 40 PUG 

K - Pressure Gage 0-120 PSIG 

L Rotameter, Brooks Type I Serial 399, 0.1 to 1.7 GPM of 1.0 Sp. 



Gravity fluid, Tube Size R-8M-25-2. (For water service) 

K - Venturi Tube - See Figure 2 (For Test Section V, in Figure 1) 

5/32" Throat with standard Venturi Angles. 

N - Manometer, Nazism, Type W, Model M-100,  Serial C-14941, Range 

50 inches 

0 - Orifice, - See Figure 3 (For test sections 41 & 02 in Figure 1) 

Approximately 9/64, sharp edged. 

Q - Globe Valve 



Liquid - Gas Flow in Venturi Meter and Sharp-Edge Oriface "Engineering" Flow Diagram 

  

Figure 1 



EXPRIM ENTAL. VEN TURI NOZZLE  
1/2" = 1" - SCALE 

FIGURE 2  



Figure 3  

Oriface Details   



PROCEDURE  

The operation of the apparatus, as shown in Figure 1, vas 

successfully done by always keeping a positive water pressure on the 

system,  i.e. keeping air out of the manometer taps. 

A constant flow of water, 1.0 GPM for example, vas maintained 

through water rotameter L and flow of air through the rotameters E 

(or F) was varied by controlling globe valve Q. Pressure was adjusted 

at regulator A to keep Pi at a constant pressure. Jet-G was designed 

to be used for high air flows and low water flows; and jet-H for high 

water flows and low sir flows. In practice it vas found that jet 

selection vas not critical. 

Pressure downstream to the test sections was controlled by valves 

at the discharge. 

It is of note that several minutes were required for each read- 
To 

ing to manipulate the equipment and approach reproducable conditions. 

A study of the data in Tables 2 and 3 will indicate that many single 

phase, water test runs were made to check and re-check reproducibility. 

However, once the system was properly freed of trapped air pockets, by 

vents not shown in Figure 1, very little trouble vas experienced from 

the equipment and water alone always gave very reproducable results. 

No temperature control vas attempted, other than permitting 

equipment to reach "steady" condition. 



RESULTS  

The data obtained are presented in Tables 1, 2, and 3. Table 2 

includes laboratory data for which calculations -were made, Table 3 

includes only data for which no calculations were made. Inspection 

of the data in Table 3 indicates reasonable reproducability. Data 

were selected for calculation at random, to give a complete range of 

coverage. 

Single phase water-flow vs. temperature of water are plotted in 

Figure 4. 

Figure 5 incorporates single phase pressure drop versus water 

flow calculated using standard formulae for orifice and venturi and 

actual experimental results. 

Figures 6 and 7 are plots of water flow rate versus pressure 

drop at all air flows studied. 

Figure 14 is a plot of water flow versus pressure drop as obtained 

experimentally and used in calculations for determining the gall 

liquid" pressure drop. 

Figure 15A and Figure 15B are the plotted predicted pressure 

drops versus actual pressure drops. 

Note that each of the Figures 15A and 15B indicates a correction 

equation for modifying the predicted result to give the actual 

pressure drop within 19% (approximate) accuracy for 89% of the data 

plotted. 



DISCUSSION 

Xn initial rune vhile the equipment vas being tested, it was 

observed that here vas a marked increase in pressure drop across 

the venturi with an increase in temperature. A study of Figure 4 

shove grouping of data when temperature of the water vas in the 

range of 12 to 22°C, but a further increase in temperature to 40°  

caused. a 1( increase in pressure drop. 

These data were plotted from runs where warm tap water vas run 

through Test Section.-V, during start up and continued as the tap 

water cooled to outside (winter) conditions. 

The grouping of the data at the lover temperatures is explained 

by the fact that runs were made on different days when solubility 

of air in water probably varied. Variations in the low temperature 

group was about 2 to 3%. 

Figure 5 shows the comparison of calculated pressure drops of 

single-phase water flow in the venturi and in the orifice as well 

as experimental results. The curves for the venturi coincided; the 

curves for the orifice did not. The orifice deviation is explained 

by the fact that the unit was "home-made" and subject to the 

calibration curve for laboratory use. Figure 5 served as a calibra-

tion curve for the orifice for subsequent calculations. 

Figure 5 is a plot of Table 5, the orifice calculations being 

obtained from these values, corrected, for orifice coefficients. 



Figure 4 Temperature Vs. ∆P @ 1.0G.P.M. Water 5/32" Venturi 



Figure 5 Pressure Drop Vs. Flow Across Venturi & Orifice - 3/4" Pipe 



The experimental curves were plotted from data for single phase runs. 

The results are shown to be within limits of experimental error 

by studying Figures 6 and 7, which show water flow rate in 

versus pressure drop at various flow rates of air expressed in pounds 

per second. Bath of the points ,plotted is accompanied by a flow rate 

of air noted with it. Curves have been drawn to indicate a parameter, 

BA, of air rates. Inasmuch as the figures are plotted on regular 

linear graph paper, the resulting curves are accurate enough for 

approximating pressure drape for the air water system at pressures 

up to 30 PSIG, with about 20 accuracy. Because data fox pressure 

drops across the orifice were more limited, the Venturi plot, 

Figure 6, is more usable. Figures 6 and 7 were primarily used to 

check for reproducability of runs. 

The Chenoweth-Martin (5) correlation is best represented by 

Figure 8 Which has been reproduced from their data and used for 

calculations in this thesis. 

Figures 9, 10, 11 and 13 axe monographs used in reducing the 

data to usable terms. Figure 9 was used to obtain the density of 

air at the test sections and results are tabulated in Table 2 

Column 6. Figures 10 and 11 gave the air rate expressed in lbs./sec,; 

the results axe plotted in Column 5. Figure 13 converted Me 

water to lbs./sec.; results are tabulated in Column 9. 

(5) Ref. 10 



Figure 6 Water Flow-Rate Vs. Pressure Drop at Various Air Rates-Venturi - 5/32" 



Figure -7 Water Flow-Rate Vs. Pressure Drop at Various Air Rates - Orifice 5/32" 



Figure 0 Correlation Turbulent Two Phase Pressure Drop in Horizontal Pipes Chenoweth and Martin Petroleum Refinery - October 1955 



Air Density Vs. Test Pressure & Temperature Figure 9 



Air Flow, SCFM Dry Vs. Rotameter Rdg, CFM Fig. 10 

Air Flow, SCFM Dry Vs. Air Flow, Lbs/Sec  Fig. 11 



Figure 12 Friction Coefficient, K, Versus Orifice & Venturi Area Ratios Data Ref. 14 



Water, Lbs/Sec Vs. G.P.M. @ 70°F, Sp. 6 = 1.0 Figure 13 



Figure 12 has been plotted to show the values of Friction 

Coefficients, K, for Orifices and Venturi sections, for various area 

ratios. Inasmuch as the values for the test orifice and venturi of 

this thesis lay on the extrapolated curve, the K factor was not used, 

(nor was it required). 

Bch as the 1948 Edition of the Hydraulic Institute Hydraulic 

Data were not available, the values suggested by Addison (9) have 

been plotted. 

Figure 14 is essentially the same data as in Figure 5 for 

experimental results, plotted to give a more usable graph. Orifice 

run 19 is for Test Section 01; orifice run 27 is for test section 02. 

This fig. vas used to obtain ∆PL* which is the pressure drop 

calculated assuming total mass flaw to be water, as tabulated in Table 

2, Column 21, from the total flow in Column i6. In effect Figure 14 

is the calibration curve for the venturi and orifice. The liquid 

volume fraction, LVF, is the ratio of liquid volume to total volume 

flow. Column 19 is the ratio of water density to density at the test 

section conditions. 

Figures 15A and 15B is the plot of actual pressure drop as 

obtained experimentally, (∆P2 or ∆P3) versus the two phase pressure 

drop, (∆ PTp), as obtained from the Chenoweth Martin correlation 

(Physically, multiplying columns 20 and 21 in Table 2). The plotted 

points on Figure 15-B for the orifice, are comparable in grouping to 

(9) Eel. 14 



those of Chenoweth and Martin (1) and the results are at least as 

consistent. This is of interest because the diameter ratio of their 

orifice was 0.55 while the orifice of this thesis is 0.19. 

(1) Ref. U) p.154 



Fugure 14 Water, Lbs/sec Vs. ∆P Ins Hg Across Venturi & Orifice 



A straight line drawn through the orifice experimental data of this 

thesis as plotted in Figure 15B permits a logarithmic equation: 

(I) AP? ACT = 0.22 (Q'TP PR ) 

where (APTP ACT) is the proposed predicted pressure drop of this 

thesis and APIT  FRED is the Chenoweth-Predicted Value. 

Figure 154 is a similar plot for the venturi,  which has no 

counterpart in recent literature. A similar expression is developed 

for the venturi: 

(Ix) PTP ACT r- 0•114 (p¶1) 

With the terms defined as above. The equations are developed on. 

Figure 15A and 15B. It is of much significance that the slopes of 

the straight line curves plotted are the same, within experimental 

accuracy, and both expressions correct the predicted value to read 

within 15% of the actual pressure drops for about 85% of the data. 

It is concluded that the above correllation, as expressed in equation 

form, when used with the Chenoweth-Martin correlation gives a more 

satisfactory estimation of pressure drops under conditions of flow 

of this thesis. 

From the Chenoweth-Martin plot a similar expression can be 

derived. A curve drawn through their data indicates an expression: 

(m) ABE) ACT = 0.45 ( A PIT pm. ) 1.17 

Because the exponent of the ( L\ PTP PEED.) term is exactly the 

same it is suggested that the following general form of the equation 



is possible for venturis and orifices; 

1.17 

(IV) -"TP ACT * (4 PTP PRED) 

Where K1 would be a constant for a given orifice or venturi in two-

phase two fluid flow, depending on throat and pipe diameters. In 

Word form, "Predicted two phase pressure drop equals a constant, K', 

times the 1.17 power of predicted two phase pressure drop as predicted 

by Chenoweth". 

It is noted that two-phase two-fluid flow is an unsteady state 

flaw as evidenced by fluctuations in manometer and pressure readings. 

Dampening pressure lines permitted readings to be taken. 

Pressures of air had to be raised from 30 to 50 PSIG to exceed 

the stability curve minimum of 45 PSIG for the air rotameter. The 

increase in pressure did not materially affect the "unsteady state" 

condition. 

Because the Reynolds number did not vary Appreciably, the 10% 

Change in two phase pressure drop was attributed to the Change in 

solubility of air in eater (see Figure 4) where temperature varied 

from 10°C to 10°C. The change in surface tension, viscosity, velocity, 

and gravity were not sufficient to cause the marked change. 



Fig. 15-A Predicted Vs. Measured ∆P Venturi 



Predicted Vs. Measured ∆P 5/32" Orifice Figure 15-B 



CONCLUSIONS  

It is concluded that for turbulent air and water flow through 

a venturi or orifice meter: 

(1) Pressure drops can be predicted to within 15% - the best 

previous correlation treats the orifice only and give results from 

with deviations from 50% to 250%. 

(2) The use of the following equation is possible for predict-

ing pressure drops to within 15%: for both orifice and venturi: 

A Pw, (Predicted)  = CA Pte') 1.17 

where APT p' is the predicted pressure drop of Chenoweth and Martin 

for an orifice and V is a constant depending on diameter ratios. 

(3) Pressure drops are affected markedly by temperature 

changes and that these changes are not attributable to changes in 

the Reynolds'  number. Solubility of gases in a fluid, surface 

tension, velocity, surface phenomena, and, other variables such as 

the flashing of liquids affect pressure drops to a much greater 

extent in the two phase two fluid systems than in single phase or 

in single fluid systems. 



RECOMMENDATIONS  

Beyond the scope of this thesis, the following are suggested 

as avenues for further work on two-phase two-fluid flow. 

1. Investigation of the effect of surface tension (The 

WEBER nunber) on pressure drops in the Venturi. Pardoe (10)  indicates 

a 'variation of over 1/2% in the Fanning Friction Factor, f, due to the 

effect of dent temperature, for single phase flow. This indicates 

that the friction factor is not a function of the Reynold's Number 

and a roughness factor alone. 

2. Moody(10) also suggests that the friction factor may be 

affected by the MACH or CAUCHI which introduce acoustic velocity, and 

FROUDE'S number which considers "Free surface" phenomena. The 

orifice and venturi coefficients may be a function of these variables. 

The apparatus is well suited to these possible investigations. 

(10) Ref. 9 pp.  679,683 



Table 1 Summary of Data 

Venturi 
Runs 

1 to 5  .2 to 1.7 
* 6, 7, 8 .1 - 1.2 1.0 
*9 .2 - 1.2 0.2 
• 10 .2 - 1.2 1.5 

11 0 1.0 
12 .2 - 1.2 0.2 

.2 .. 3..2 1.5 
0 . 2 * 1.7 

.5 * 2.5 1.0 
0 1.0 

.5 * 3.0 1.0 

ff 

0 .2 * 1.7 
5 - 3.0 1.0 

0 .2 -1.7 
* go .3 - 3.5 .2 
* 26 .5 .. 2.0 1.50 

0 .2 •• 34 
0 1.0 

.5 * 3.9 1.0 

.1 .. 1.2 1.0 
a * 1.2 0.2 
.1 0 1.2 1.7 

ed V 
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14. 

25-e9 
26-10 

31.2 
35.4 

>-20 
0-20 

.239 

.240 
.W.20 
.'")150 

.317 

.2511 
281 
2'73 

2.75 
3.25 

26.7 
26.8 

73.0 
87.2 

24.0 1.2 .0031 .234 .011.; A. 27--1 37.8 J..22 .240 .0171 .222 266 3.8 26.8 102.0 



TABLE 3  
TABUIATED DATA  

Run 
T 
°CI 

PI 
PSIG 

RA 
CFM 

Rw 
GPM 

T2 
°C AG 

P2 
In. Hs In. 

P3  
Hg P:10 

1 0 .20 53.5 .15 .05 53.0 
.3o 54.5 .30 .10 52.5 
.5o 53.o 1.0 .25 52.5 
.75 51.5 2.15 .45 50.8 
1.0 49.5 4.1 0.80 47.5 
1.25 45.5 6.6 1.2 44.o 
1.50 40.5 10.0 1.9 38.5 
1.70 36.5 12.5 2.6 34.5 

2 0 .20 
.30 

.4o 

.60 
.25 
.30 

.50 1.15 .4o 

.75 2.45 .55 
1.0 4.7 1.05 

3 0 1.7 38 7 13.5 2.55 5 
1.5 38 18 10.4 1.90 17 
1.25 
1.0 
.75 
.50 

38 
38 
38 
38 

13.5 
7 

15.0 
10.0 

7.15 
4.55 
2.45 
1.12 

1.20 
0.80 
o.50 
0.25 

13 
6 
14 
9 

.25 38 13.5 0.29 0.075 12.5 

4 0 0 22.0 0 0 - 0 
0.20 22.0 4.8 0.15 - 4.2 
0.30 22.0 8.8 0.33 - 8.0 
0.40 22.0 13.3 0.62 12,5 
0.50 22.0 19.7 1.05 19.0 
0.60 -  25.2 1.55 24.5 
0.70 21.8 31.5 2.10 30.5 
0.80 - 37.3 2.6 36.0 
0.90 21.8 42.5 3.25 41.3 
1.00 22.5 14.5 4.00 13.7 
1.10 - 17.0 4.90 16.2 
1.20 23.0 20.7 5.95 19.5 
1.30 
1.40 
1.50 
1.60 

23.5 
24.0 
30.5 
32.0 

24.3 
28.8 
37.5 
28.2 

7.05 
8.35 
9.7o 
11.60 

23.0 
27.2 
36.8 
26.5 

1.70 32.8 32.5 13.45 30.0 

5 0 1.140 
1.00 

32.8 
32.2 

21.8 
11.3 

8.52 
4.20 

20.5 
10.3 

0.50 32.0 2.8 1.10 2.2 
0.20 31.5 4.0 o.17 3.3 



Run 
T1 
°C 

Pi 
PSIG 

Ra 
CFM 

Rw 
GPM 

T2 
°C PS...0 

P2 
In. Hg 

pl  
In. Hg 

P5 
PSIG 

5 0 0.20 30.5 4.0 0.17 3.3 
0.0 - 0 0 0 
1.0 29.0 43.0 4.17 41,2 
1.0 17.0 33.0 3.95 32.0 
1.0 14.0 30.2 3.95 29.3 
1.0 13.0 2.0 3.98 - 

7 - 30 .20 1.00 25.0 5.0 6.75 4.5 • 
30 .40 1.00 25.5 8.o 8.65 0-4 

22.0 30 .60 1.00 - 11.5 11.25 - 
22.5 30 .80 1.00 - 15.0 14.6 3-8 
- 30 1.0 1.00 - 18.0 16.7 4-12 

23.0 30 1.2 1.00 30.5 17.0 21.5 3-14 
8 30 .20 1.0 16,5 6.0 5.9 2-5 

30 .40 1.0 16.0 8.0 8.25 2-7 
20,5 30 .60 1.0 . 10.0 10.8 2-8 
22.0 30 1.0 1.0 14.0 15.0 15.7 8-13 

30 1.2 1.0 14.0 17.0 17.35 8-15 

11 1.0 42.0 11.0 4.40 10.0 
1.0 37.0 0 4.38 0.0 
1.0 32.5 11.5 4.35 10.5 
1.0 27.0 22 4.15 21.0 
1.0 22.0 34.0 4.10 33.0 
1.0 20.0 4.0 4.05 3.0 
1.0 18.5 '4.0 4.0 3.0 
1.0 17.5 4.0 4.0 3.0 

12 -  30 .2 .20 18.0 3-6 0.55 4-6 
23.0 30 .4 .20 18.0 4-10 0.85 0-9 
23.o 30 .6 .20 . 9-11 1.25 5-10 
23.0 30 1.0 .20 19.5 15. 2.05 13.5 
- 30 1.2 .20 18.5 18.5 2.40 17.0 

13 - 0 0.0 1.5 14.5 2.5 9.15 1.0 
- 30 .20 1.5 13.5 6.5 13.35 2..5 

23.5 30 .40 1.5 13.5 9-10 17.0 2-8 
23.5 30 .60 1.5 13.5 13.0 20.9 0-8 
- 30 10 1.5 11.5 180 28.3 3-12 

23.5 30 1.2 1.5 11.5 20.0 31.3 3-12 

14 & 17 - This was "Water Run" recheck similar to Run 11 after cleaning 
and checking Venturi. 

19 0 28.0 - 0.0 O. 
Orifice .2 28.0 2.5 0.28 2.0 

.40 28.5 9.5 1.15 8.5 



Run °.! 
P1 
PSII 

ite 
FM: 

1w' 
GPM 

T2 
°C 

P4 
PST1 

P2 
In. Hg 

P3 
In. Ric 

P 
PSIG 

19 .60 29.0 10.9 2.75 9.0 
Orifice .80 29.5 12.1 4.82 9.7 

1.0 30.5 13.2 7.60 94.5 
1.2 31.0 17.0 11.3 12.0 
1.4 32.5 16.3 16.2 9.0 
1.7 34.0 19.9 24.3 8.8 

20 24.5 30.0 0.50 1.0 30.5 5-7 12.1 0-3 
Or- 24.5 30.0 1.0 1.0 29.5 8-10 16.2 0-3 
i- 24.5 30.0 1.5 1.0 28.o 10-13 21.3 0.4 
flee 24.5 30.0 2.0 1.0 27.5 10-15 26.9 0.4 

24.3 30.0 2.5 1.0 26.5 15-18 31.6 0.4 
24.3 30.0 Max. 1.0 o-4 

Reprod. 
Reading 

21 25.5 50 .5 1.0 32.0 16.0 13.40 5-15 
Or- 25.5 50 1.5 1.0 33.0 32-34 19.2 15-30 
i- 25.5 5o 2.5 1.0 36.0 34-37 29.9 15.30 
flee 25.5 50 3.0 1.0 37.0 38-42 34.1 15-30 

- - 0.0 0.0 - - 0.0 - 

22 - - - 0.0 29.5 0.0 - 0.0 
1.0 29.5 4.o 7.2 1.0 
1.0 29.5 3.0 7.8 0.0 

27.0 50 0.5 1.0 28.8 5-8 12.3 0-3 
27.0 50 1.0 1.0 28.9 7-11 17.3 0-3 
27.0 50 1.5 1.0 28.8 10-15 23.7 0.4 
26.8 50 2.0 1.0 30.0 14-19 30.4 0-5 
26.8 50 2.5 1.0 32.5 17-23 36.1 0-5 
26.8 50 3.0 1.0 33.8 23-30 44.3 0-7 
26.8 50 1.0 1.0 39.5 7-12 18.6 0-3 

23 1.0 41.5 3.0 7.85 - 
1.3 41.5 5.o 13.85 - 
1.7 41.0 10.0 23.55 - 
1.O 40.5 3.0 7.80 
0.7 39.0 1.0 3.55 
0.4 38.0 0.- 1.2 
0.2 37.5 0.- 0.23 
0.0 - - 0.0 

24 .20 37.5 3.5 0.25 2.5 
0.40 37.0 3.8 1.05 2.5 
0.70 37.0 5.3 3.68 3.0 
1.0 35. 6.0 7.45 2.3 
1.3 34.5 10.2 12.95 4.o 
1.7 32.0 14.5 23.3 3.3 
1.3 29.5 9.5 12.65 3.5 



Run 
Ti 
°C 

Pi  
MG 

Rs. 
Mt 

Rw 
GPM 

T2 
'C RISIG 

P2 
In. Ha In. ii 

P5 
PSIG 

27 0 0.20 25.5 5.0 0.23 14.7 
o.Lto 26.0 6.5 1.10 5.8 
0.70 26.0 6.5 3.58 14.8 
1.00 27.0 7.2 7.1 3.7 
1.30 27.o 11.0 12.55 6. 
1.70 28.0 15.2 22.8 14.5 

28 1.0 30.0 13.2 7.2 • 9.5 
1.0 31.0 13.8 7.38 9.8 
1.0 33.0 114.0 7.140 10.0 
1.0 18.0 10.2 6.75 7.0 
1.0 13.0 7.5 6.7o 14.5 



TABLE 4 

NOMENCLATURE  

A - cross-sectional area of pipe, square feet 

D - pipe diameter, feet 

f - friction factor for Fanning equation, dimensionless 

g - acceleration constant due to gravity, ft/sec2 

G - mass flow rate, lb (mass)/sec ft2 

K - friction coefficient for a valve or fitting, dimensionless 

L - length of pipe, feet 

Re - Reynolds number, dimensionless 

W - flow rate of fluid, lb (mass) /sec 

∆P - pressure drop, lb (force)/ft2, or InXis, where applicable 

µ - viscosity, lb (force)/ft see 

e - density, lb (mass)/ft2 

φ - ratio ( oPw/AFfsp) dimensionless 
Ordinate for Lockhart and Martinelli correlation 

X - ratio (Pl/Fg, dimensionless 
Abscissa for Lockhart and Martinelli correlation 

ψ - dimensionless group equal to — fl 14 X 
ir 

Vo - orifice velocity, ft/sec., average 

V1 -  velocity, upstream to orifice, ft/see, average 

Hv  - static head difference between upstream and Verna Contracts in ft. 

c - contraction coefficient, dimensionless 

u - velocity, ft/sec 



T temperature, °C 

P pressure, PSIG or Ins .Hg 

Ra - sir flow, #/sec., ft3/sec 

Rw - water flow, #/sec., ft3/sec 

Subscripts  

g - actual gas flow in total pipe cross-section, used in Lockhart 
and Martinelli correlation 

G - actual gas flow 

G* - fictitious all-gas flow 

1 - actual liquid flow in total pipe cross-section, used in 
Lockhart and Martinelli 

L - actual liquid flow 

L* - fictitious all .liquid. flow 

SP - single. base 

TP - two-phase 

tt - to flow, used in Lockhart and Martinelli 
correlation 



TABLE 5  

Pressure Drop Across Venturi for Water 

Hv 

Flow, GPM 

V1 

ft./sec. 

Vo  

ft./see. 
Hv 

rt. 
Ins. HG 

(12.6 Sp.G.) 

1.7 1.02 28.4 13.0 12.4 

1.275 .77 21.3 7.35 7.0 

0.85 .51 14.15 3.24 3.07 

0.425 .27 7.1 .815 .78 

0.17 .102 2.84 1.31 .125 

These date. plotted Figure 5. 



SAMPLE CALCULATION  

Press Drop Across Orifice (Or Venturi) (8) 

Per 3/32" Venturi, 1.7 OM Water, & 3/4" Sch. 40 Pipe 

c = .98 (Assumed Constant For Venturi) varies 

For Orifice, Depending OA Rco  

Diameter Ratio. 

Note: 

HG has effective SP.G. of 12.6 

beams water is above mercury 

in nanometer. 

(8) Ref. 3 



REDUCTION OF CHENOWETH EQUATION  

Because L = 0 For Venturi : 

The above expression is tabulated In Column 39 and is obtained 

by dividing water density w 62.3 ' by air density 

Column 7, determined for test conditions. 
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