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INTRODUCTION 

Nozzles and orifices have been used In a large number 

of applications. Considerable research has been conducted 

to evaluate the design and characteristics of nozzles 

applied to steam or gas powered equipment such as turbines 

and ejector pumps. Other studies have been made with 

reference to hydraulic mining machinery and fire hose 

nozzles where a liquid Is the flowing medium. These 

applications are of Interest for general background study 

but are not closely related to the application under 

consideration. In the past, various designs of nozzles and 

orifices have been studied for the purpose of measuring the 

flow of fluids and gases. The primary consideration has 

been the use of such devices to accurately determine the 

volume of fluid flowing per unit time In a given system. 

In most cases It has been desired to obtain the required 

accuracy with the smallest possible loss In energy. 
* 

In recent years the oil Industry has applied various 

nozzle designs to rock bits and developed what Is referred 

to as the high velocity Jet rock bit. This application 

appears to be relatively new with respect to the appli¬ 

cation of nozzles and orifices. 

In field application, rock bits are employed to drill 

holes Into the earth*s surface In the search for oil, gas, 

or other minerals. The bit operates at the bottom end of 

the drill stem which In some cases Is at depths exceeding 
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10,000 feet below the earth's surface* In general practice 

a fluid, either clear water or a water-day mixture, Is 

pumped down the drill stem and through the openings In the 

rock bit. This fluid Is returned up the outside of the 

drill stem to the surface, (hie of the main purposes of this 

fluid Is to remove the rock cuttings from the hole as they 

are cut from bottom by the rock bit. In the past, most 

attention has been directed to the volume of the fluid 

being circulated and the cleaning of the cutting structure 

of the rock bit. The fluid openings In the rock bit were 

generally located such that the discharge would Impinge on 

the rolling cutters and, therefore, clean the rock bit 

cutting structure• Recent developments have Indicated that 

the drilling efficiency can be Increased by locating these 

fluid openings such that the discharge Is directed toward 

the bottom of the hole rather than toward the cutters. 

This new location of the fluid openings along with an 

Increased velocity of the fluid through these openings 

combine to make up what Is referred to as the high velocity 

Jet rock bit. 

The fluid openings of this new type rock bit are fitted 

with nozzles of various designs. These nozzles serve to 

convert the pressure head In the drill stem Into a high 

velocity head that will produce a Jet stream directed toward 

the bottom of the hole In which the rock bit is drilling. 

Considerable work has been conducted investigating the 

characteristics of various nozzle designs applied to rock 
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bits. The conditions under which these nozzles operate are 

different from the general conditions associated with other 

nozzle applications. There Is a high back pressure 

produced by the hydrostatic head of the mud column In the 

annulus between the drill stem and the wall of the drilled 

hole. A similar hydrostatic head Is also present on the 

Inside of the drill stem. The velocity of the fluid through 

the nozzle Is generally In excess of 100 feet per second. 

In conducting simple laboratory tests to determine 

nozzle characteristics, some consideration has been given 

to .the effect of the hydrostatic head on the discharge side 

of the nozzle. In general, It has been assumed that as 

long as the nozzle Is completely submerged, further 

additions of back pressure would not alter the nozzle 

characteristics• 

In normal laboratory practice, nozzle coefficients are 

determined by pumping fluid through the nozzle at a 

constant rate and measuring the pressures above and below 

the nozzle. These pressures are generally measured In a 

flow pipe above the nozzle and near the outside wall of a 

email chamber Into which the nozzle Is discharging. The 

pressure In this chamber Is maintained at some predetermined 

value. The pressure In the test chamber measured at the wall 

Is generally considered as the pressure on the exit of the 

nozzle. With a constant rate of flow through the nozzle, 

if the pressure in the test chamber were Increased, a corre¬ 

sponding Increase may be expected In the upstream pressure. 
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This would mean a constant pressure drop across the nozzle 

and, therefore, the value of the nozzle coefficient would 

not change. However, while conducting such tests In the 

past, the writer has observed that the preceding Is not 

true. Observations have Indicated that the nozzle 

coefficient will vary with the back pressure on the nozzle 

and with the rate of flow through the nozzle. 

The nozzle coefficient Is calculated from the pressure 

drop across the nozzle and the rate of flow through the 

nozzle• The standard nozzle coefficient forraula Is used for 

this calculation. 

'In many cases nozzle coefficients larger than unity 

have been obtained using the above described laboratory 

procedure. This can be explained by the location at which 

the pressure on the downstream side of the nozzle Is 

determined. The pressure on the wall of the test chamber 

Into which the nozzle discharges will not necessarily be 

the pressure on the center of the nozzle at the exit. In 

some instances It has been found that the pressure In the 

short straight section of the nozzle Is considerably lower 

than the pressure measured at the wall of the test chamber. 

If the pressure were measured at the same point as the 

discharge velocity of the nozzle and the upstream pressure 

corrected for the velocity above the nozzle, then the 

nozzle coefficient obtained would probably never be larger 

.than unity. 

The nozzle coefficient depends on two coefficients, 

namely the coefficient of contraction and the coefficient of 
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discharge. Under most conditions it is generally believed 

that the coefficient of discharge is between 0.95 and 0*99) 

these values are generally accepted for all nozzle shapes. 

The coefficient of discharge is the ratio of the actual 

velocity to a theoretical velocity, the difference In these 

two velocities being a result of friction. The coefficient 

of contraction is dependent on the nozzle shape and is the 

ratio of the area of the jet stream to the area of the 

nozzle at the smallest diameter. The coefficient of 

contraction will vary from a value of 0.60 for a sharp edged 

orifice to a value of 0.95 for well rounded smooth nozzle 

shapes. The values mentioned here are for nozzles with a 

free discharge and submerged discharge where the back 

pressure is relatively low. 

The tests reported in this thesis have been conducted 

to determine and evaluate the effects of back pressure on 

nozzle characteristics. It Is not the purpose of this 

paper to determine the most efficient nozzle design or to 

recommend conditions that are more efficient than those 
1 

presently in use. Zt Is desired to develop some general 

information that may help in better understanding the 

mechanics of nozzles and orifices under the conditions of 

high velocity and high back pressure. For this study, two 

simple nozzle shapes have been selected for testing under 

the above-mentioned conditions. 

In this thesis the nozzle coefficient Is used as the 

means of comparing the data obtained under various 

conditions.; 
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It Is pointed out here that other characteristics such as 

the pressure drop across the nozzle# or the total energy 

loss, could be employed for this same purpose. The nozzle 

coefficient has been selected because it is the term most 

frequently referred to in discussions of nozzles and nozzle 

characteristics. 
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PREVIOUS STUDIES OP NOZZLE CHARACTERISTICS UNDER 
SUBMERGED DISCHARGE CONDITIONS 

A detailed survey of hydraulic publications available 

to the writer Indicated that very little work had been done 

on nozzles under high velocity and high back pressure 

conditions. The following Is a summary of the published 

papers that appear to relate to the problem under 

consideration. 

The most recent publication of Interest where nozzle 

characteristics under back pressure and high velocity 

conditions were studied was presented by J. R. Eckel and 

W. J. Bielstein (l)*. This paper Includes the results of a 

study made to determine the most efficient nozzle design 

for application to high velocity Jet rock bits. The basic 

consideration was to obtain a nozzle design that would 

permit a given volume of fluid to flow with a minimum 

pressure drop and not cause the stream to diverge after 

leaving the nozzle. These conditions would result In a 

nozzle coefficient approaching unity. This nozzle coef¬ 

ficient was determined by standard nozzle formula. 

Other work of Interest but not closely related was a 

paper by R. G. Folsom (2). In this paper a report was made 

of tests on flow nozzles with free and submerged discharge. 

It was indicated that these tests were made at low 

velocities and low back pressures. In general, there was 

•Numbers In parentheses are used to denote the referenced 
publication listed in the Bibliography. 
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no apparent difference In the nozzle coefficient as a result 

of the submerged discharge In comparison with the free 

discharge. 

In a report to the ASMS, H. S. Bean and S. R. Beltler 

(3) presented the results of tests on flow nozzles that 

Indicated an Increase In nozzle coefficient with an Increase 

of the Reynolds number. For a given fluid and nozzle size 

the Reynolds number will vary with the velocity. These 

results were of Interest In that the velocities under 

consideration In this thesis are higher than the velocities 

Indicated by the Reynolds numbers reported by Bean and 

Beltler. 

In a text book by H. V. King, C. 0. Wisler, and J. 0. 

Woodburn (4), the writer found the following statements 

"The assumption that JIo Is the pressure head on 
the center of the orifice at Its lower side Is 
not strictly true unless all the velocity head 
due to the velocity of the liquid leaving the 
orifice Is lost In friction and .turbulence as 
the velocity Is reduced to zero. It has been 
shown experimentally that less than 90 percent 
of this velocity head may be lost. With a loss 
of 90 percent the pressure.head at the center of 
the orifice Is H2 - 0.10 V

2/2g." 

In the above quotation H2 refers to the hydrostatic 

head on the downstream side of the orifice and V2/2g 

refers to the velocity head. 
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The above statement was of Interest because it relates 

the hydrostatic head on the downstream side of an orifice to 

the velocity. In normal flow measurement the velocity head 

may not be large and, therefore, this effect may not be 

apparent. 
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TEST EQUIPMENT 

Tests were made using the test chamber shown In Pig. 1. 

This chamber was fitted with pitot tubes connected to a 

manifold such that pressure readings could be obtained at 

the gage panel shown in Fig. 2. The pitot tubes were In¬ 

stalled such that a velocity head traverse could be made 

across the diameter of the test chamber. Pitot tubes were 

spaced at each one inch Increment of distance from the nozzle 

exit. The inlet pressure was obtained from a pressure gage 

attached to the tap in the flow line. The outlet pressure 

or back pressure was obtained from the discharge manifold 

around the test chamber above the nozzle exit. A plate 

that nearly filled the chamber, one-eighth inch annular 

space between plate and chamber, was positioned at various 

distances from the nozzle exit to vary the geometry of the 

test chamber as indicated in the test procedure. The 

discharge line was fitted with a throttling valve to maintain 

the desired back pressure on the test chamber. 

The volume of fluid being circulated was measured and 

controlled by a Fischer Porter Florator shown in Fig. 3* 

This flowmeter was accurately calibrated at the beginning of 

the test by timing a measured volume of fluid into a special 

water tank. The flow was checked on each test by catching 

the fluid from the discharge line in a weighing tank. This 

method checked the flowmeter readings very satisfactorily. 

A Gardner Denver 7-1/4" x 10" slush pump shown in Fig. 4 

was used to circulate the fluid through the flowmeter to the 
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test chamber. Clear water was circulated from a 4,000 

gallon tank. The flow line was fitted with a Texas Iron 

Works high pressure pulsation dampener. This pulsation 

dampener was pressurized to approximately 150 pounds per 

square Inch using nitrogen. 

The test nozzles were assembled In the holding fixture 

shown In Fig. 5* The nozzle was secured In place by a snap 

ring. This fixture was used to position each of the 

nozzles In the test chamber. By using this method the 

variables that may be Introduced by the holding fixture are 

eliminated. The Inside contour used on this fixture was 

selected because this type contour may be .found in several 

Jet type rock bits. 

The pitot tubes used were of the Impact tube type 

having the static pressure tap at the wall of the test 

chamber. Each tube had a smooth bend and the end, Impact 

tip, was tapered from the outside to the inside diameter of 

the tube. The Inside diameter of each tube measured 11/64 

Inches. 

The pressure gages mounted on the gage panel were 

calibrated before the test and at Intervals throughout the 

test. Oages having a pressure range as follows were used 

to determine the various pressure readings. 

Range of pressure (pounds per square Inch) 

0 to 800 
0 to 400 
0 to 300 

0 to 160 
0 to 100 
0 to 30 
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TEST PROCEDURE 

Tests were made using the equipment described In the 

section entitled Test Equipment* The nozzle was assembled 

In the test chamber with the holding fixture previously 

described* The bottom plate was positioned at a distance of 

* approximately seven Inches from the nozzle exit* The pump 

was started, circulating 85 gallons of water per minute* 

The rate of flow of water was determined from the flowmeter 

and controlled automatically by the flow control valve* 

Pressure readings were obtained from the gages attached to 

the Inlet flow line and the discharge line* The rate of 

circulation was then checked by weight and time measurements 

made at the discharge side of the test chamber* This check 

was made to determine any leakage that may occur between 

the flowmeter and the test chamber* If the rate of flow 

determined by weight checked the flowmeter reading, tests 

were continued. 

A traverse was made with the pitot tube located one 

Inch away from the nozzle exit* The traverse was started 

with the pitot tube centered In the center of the Jet 

stream. The center of the Jet stream was determined by 

measuring the distance from the opposite wall of the 

chamber* When the pitot tube was centered by measurement, 

It was slowly moved In and out and rotated to determine If 

this was the area of highest pressure* In all oases the 

measured distance to center and the highest pressure 

reading matched very satisfactorily* After recording the 
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center pressure reading, the pitot tube was moved out 1/8 

inch and so on until the traverse was complete. The 

pressure readings from the pitot tubes were obtained from 

gageB of the proper pressure range mounted on the gage 

panel. 

The above procedure was repeated for each of the other 

pitot tubes located at two Inches, three Inches, and down 

to six Inches away from the nozzle exit. A close check was 

made of the flow and pressure readings at the inlet and at 

the discharge of the test chamber throughout each test. 

The above tests were made using flow rates of 85 

gallons per minute and 108 gallons per minute through each 

of the two test nozzles. Tests were made using a low back 

pressure and higher back pressures up to 250 pounds per 

square inch as indicated in the attached results. 

A special test was made to determine the variation of 

the static pressure across the test chamber. The lower 

three pitot tubes were Inverted and a traverse was made 

with these tubes in this position. 

It was noted early in the test that the bottom plate 

had to be secured in position or it would be forced upward 

toward the nozzle exit. Tests were made with the bottom 

plate secured at various distances from the nozzle exit as 

indicated in there stilts. Other tests were made with the 

bottom plate free and all of the pitot tubes removed so that 

the plate could move up to a distance of 13/16 Inches from 

the nozzle exit. The force required to hold the plate at 



15 

various distances away front the nozzle exit was measured 

using a spring balance. This force was corrected for back 

pressure on the area of the small piston that was exposed 

to atmospheric pressure. 
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RESULTS OP EXPERIMENTAL TESTS 

The results of the tests referred to In this section 

are attached* The results of pitot tube traverse tests are 

plotted on graphs Fig* 11 through Pig* 30* The data from 

the pitot tube traverse tests Included In Pig* 11 through 

Pig* 30 Is representative of tests made under all conditions. 

It Is pointed out here that this Is actual data and not an 

average of all the data taken at the stated conditions* 

The curves were drawn connecting the plotted points 

representing the pressure readings*. In each case these 

curves are smooth and Indicate that observed readings are 

uniform with no large discontinuities that would reflect 

large experimental errors* The curves representing the 

calculated values obtained from the test results are 

Included In Pig* 6 through Pig* 10* These curves were also 

drawn connecting the plotted points representing the 

calculated data. No attempt was made to draw smooth curves 

to represent the calculated values. It Is not clear from 

the data available here just what shape a smooth curve should 

take to best indicate the true trend of the data* 

The nozzle coefficient has been employed to compare the 

re stilts of tests made at various back pressures* This term 

is most often used In discussing various nozzle designs and 

operating conditions* The nozzle coefficients were deter¬ 

mined from the pressure readings obtained on each test* 

This nozzle coefficient was determined by the formula• 
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37.9 A ITT 

Where C « nozzle coefficient 
0 ® flow rate gallons per minute 
A » area of nozzle in square Inches 
P *> difference in the upstream pressure 

and the hack pressure measured on 
the wall of the test chamber.. 

The constant (37.9) is to convert to Broper units for clear water weighing 
•3 pounds per gallon. 

The above formula comes from the standard nozzle 

formula where the units are expressed in feet and seconds 

rather than the units used here. This formula is more 

convenient because the units are as measured on these tests. 

The nozzle coefficients obtained were plotted against 

the back pressure in the test chamber. These results are 

shown in Fig. 6. It was noted that the nozzle coefficient 

increased as the back pressure was increased. A pressure 

survey of the test chamber through the jet stream indicated 

that the static pressures in the area of the jet stream were 

lower than the static pressures at the wall of the test 

chamber. This survey was made with the pitot tubes 

Inverted so that they should measure the static pressure. 

In general, the pressures measured at the center of the 

test chamber were eight to ten pounds lower than the 

pressures measured at the wall. This pressure variation did 

not change with the Increased back pressure. 
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There appears to be a trend for the nozzle coefficient 

to Increase with an Increase In velocity as indicated in 

Fig* 6. This type of variation has been studied in some 

detail as reported by Bean and Beltler (3)* This increase 

may be explained as indicated by the relation that the back 

pressure on the nozzle exit is reduced by a factor times 

the velocity head (4). The reducing term being the portion 

of the velocity head not dissipated in friction and 

turbulence as the velocity is reduced to zero* If this 

factor were constant, this relation would explain increases 

in nozzle coefficient with increases in velocity* If a 

relation such as this exists, then the factor reducing the 

effective back pressure at the nozzle exit must vary with 

the back pressure. 

’ From the results of the test reported here and past 

tests observed by the writer, It appears that the effective 

pressure on the downstream side of the nozzle could be 

represented by: 

H<2ff - H2 - K 

Where Heff » Effective back pressure at 
nozzle exit in feet of fluid* 

Ho » Back pressure in test chamber 
in feet of fluid. 

K » Factor (value less than one) 
varying with the coefficient 
of contraction and the portion 
of the velocity hesd returned 
to pressure head* 

V2 
—— - Velocity head expressed in 
28 feet of fluid. 
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.The factor K should vary with the back pressure up to 

some maximum value and then remain constant. This factor 

should also vary with the nozzle shape. In the case of the 

square entrance nozzle having a low coefficient, the factor 

should be larger than In the case of the nozzles having 

higher coefficients. In general, this factor Is related 

to the coefficient of contraction. This relation Is 

partially verified by the results of these tests. Since the 

measured pressure drop varies Inversely as the back pressure 

and It Is unlikely that such variation could be the result 

of upstream conditions, then there must be some variation 

In the effective downstream pressure. At low back 

pressures the effective downstream pressures may be lower 

than back pressure In the test chamber and In some cases 

approach a value of absolute zero. This condition may exist 

In the velocity range used on these tests. If the effective 

downstream pressure does approach a value of absolute zero, 

then the factor K mentioned above would be limited by this 

condition. However, as the back pressure Is Increased the 

limits of the factor K are also Increased. When the back 

pressure Is Increased to such a value that the measured 

pressure drop Is a minimum, the value of the factor K 

should be maximum. For various nozzle designs the maximum 

value of K should vary Inversely as the coefficient of 

contraction. In the case of submerged nozzles the con¬ 

traction of the Jet stream probably occurs Inside of the 

straight section and the nozzle flows full with a noticeable 

velocity gradient at the exit . 



20 

The results of these tests do not completely verify the 

above explanation of the change In nozzle coefficient with 

back pressure* However, it appears that some relation 

similar to the above must exist In order to explain the 

results obtained* No attempt has been made to obtain 

numerical values of the factor K from the results of these 

tests* 'The value of this factor should be determined from a 

test where the true effective pressure on the downstream side 

of the nozzle could be determined* The data obtained from 

the tests reported here does not Indicate this effective 

pressure since the pressure referred to probably occurs 

within the straight section of the nozzle* 

The results of pitot tube traverses plotted In Pig* 11 

through Fig* 30 Indicate that the maximum velocity was 

determined by the pressure drop across the nozzle. It was 

noted that the maximum velocity condition occurs at low 

back pressure where the pressure drop across the nozzle was 

a maximum* The pitot tube reading was the velocity head 

plus the pressure head* The velocity decreases as the 

pressure drop across the nozzle decreases as noted by the 

curves at Increased back pressures* There was a slight 

change in the shape of the velocity head curves as the back 

pressure was Increased* By using numerical integration to 

obtain the area under each of the curves, It was apparent 

that the total area was approximately the same at all back 

pressure conditions* The total area under the curves 

increased as the volume of fluid being pumped was Increased. 
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From these tests It appeared that the velocity distribution 

In the test chamber was a function of the pressure drop 
m 

across the nozzle and was related to the back pressure only 

as the pressure drop was related to the back pressure. 

Tests were made with the bottom plate at various 

distances from the nozzle exit. The only apparent effect 

of the distance of the plate from nozzle was the pressure 

distribution on the surface of the plate. Pitot tube 

traverses made above the plate were not affected by the 

position of the plate. It is possible that any effect from 

this change in geometry would be within the limits of the 

experimental error and would not be detected. The plate was 

positioned at distances of 4-1/4 inches, 7-1/8 inches, and 

10-3A inches. The values obtained from the tests made with 

the bottom plate 7-1/8 inches from the nozzle exit are 

included with this report. The values obtained at the other 

positions were very similar to these results and serve only 

as a check on the values included in the attached graphs. 

' The results obtained from the pitot tube traverses by 

numerical integration are included in Fig. 7# Fig. 8, and 

Fig. 9* It was of interest to study an imaginary cylinder 

of the same diameter as the nozzle and extending from the 

nozzle exit down to the bottom plate. It was noted that the 

volume of fluid flowing in this area at a distance of one 

inch from the nozzle exit was the same as the volume of fluid 

being pumped through the nozzle. This was indicated by the 

average velocity in this area as plotted on Fig. 7* The 
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average velocity in the small imaginary cylinder decreased 

as the distance away from the nozzle was increased. There 

was a change In this velocity decrease occurring at a 

distance of four Inches from the nozzle. There was no 

apparent explanation for this effect. When the average 

velocity obtained from the total area under each of the 

curves was plotted as in Fig. 8, it was apparent that this 

average total velocity decreased very rapidly. It was 

noted that the volume of fluid moving down, as indicated by 

the total area under the pitot tube curves, is two to three 

times as large as the volume of fluid being pumped through 

the nozzle. This relation is shown graphically in Fig. 9* 

This Indicated that a portion of the fluid was recirculated 

by the force of the Jet stream. The exact values obtained 

by numerical integration of areas under the pitot tube 

curves were not too important since the accuracy of such 

methods on this type data was doubtful. These results were 

of considerable Interest when viewed as relative quantities. 

At the beginning of theetests reported in this paper, 

it was observed that the bottom plate had to.be secured in 

the.desired position or it would be forced up into the Jet 

stream. Tests were made to determine the magnitude of the 

upward forces on the bottom plate. The bottom plate was 

supported by a' rod having an area of one-fourth of a square 

inch. This small rod extended through a packing gland and 

out the bottom of the test chambers. A spring balance was 

attached to this rod to measure the total force.required to 
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hold the plate at various distances from the nozzle exit. 

The results of these tests are plotted In Fig. 10.. A 

maximum value was obtained when the plate was three Inches 

from the nozzle exit. It appears that the only explanation 

for the plate moving up toward the nozzle exit Is the 

Bernoulli effect. This was produced by the high radial 

velocity moving out from the center of the plate reducing 

the static pressure on the surface of the plate • The tinder 

side of the plate was exposed to the true static pressure 

which was higher than the static pressure above the plate. 

The resultaht force of these two pressures was upward toward 

the side where the surface velocity was high. The total area 

of tie plate (5-3/4" diameter) was considerably larger than the 

area affected by the Impact force of the Jet Stream. It was 

believed that If the area of the plate were very near the 

same as the area affected by the Impact force of the Jet 

stream, that the resultant force would.be away from the 

nozzle rather than toward the nozzle as observed here. 

It was Interesting that a maximum force upward on the 

plate occurs at a distance of three Inches away from the 

nozzle exit. The volume of f^uld moving down Indicated by 

the area under the pitot tube curves appeared to level off 

at about three Inches from the nozzle exit. This would 

Indicate that the maximum outward radial velocity on the 

surface of the plate would occur at about this same three-inch 

distance. At distances greater than three Inches, the outward 

radial velocity on the plate surface would probably decrease 
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due to divergence of the Jet stream. At distances less than 

three Inches, the value of the Impact force at the center 

would be higher and probably the outward radial velocities 

on the plate surface would be less, thereby reducing the 

resultant force on the plate. 

The values plotted In Pig. 10 have been corrected for 

the back pressure on the one-fourth square Inch area of the 

rod exposed to atmospheric pressure. Tests were made to 

determine the effect of back pressure on the measured force 

on the plate. The results of these tests Indicated that the 

magnitude of the force and the position of the maximum force 

did not change with back pressure. 

The values used for the numerical Integration of areas 

under the pitot tube curves were average values of several 

tests made at 100 pounds per square Inch back pressure. 

These average values differ only slightly from the values 

plotted In the attached graphs. The numerical Integration 

method consisted of using small concentric rings of area and 

the mean velocity as obtained from the pitot tube curves. 

The same areas and methods of determining the mean velocity 

were used for all calculations. 

The accuracy of the* values plotted on the attached pitot 

tube curves Is believed to be satisfactory. The pressure 

readings were accurate with a range of plus or minus five 

pounds per square Inch. The flow measurements were accurate 

to a range of plus or minus three gallons per minute. 
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CONCLUSIONS 

1. The nozzle coefficient Increased as the back pressure 

was Increased. The amount of the Increase in the nozzle 

coefficient depended on the Increase in back pressure, the 

nozzle design, and the velocity of the fluid through the 

nozzle. (See Fig. 6). 

2. For a given nozzle design the velocity distribution in 

the Jet stream below the nozzle exit was related to the 

back pressure and varied as the pressure drop across the 

nozzle varied with the back pressure. 

3* A volume of fluid equal to or slightly greater than 

the volume of fluid being pumped was recirculated by the 

aspirator effect of the Jet stream. (See Fig. 9)* 

4. The plate in the test chamber below the nozzle moved 

upward into the Jet stream toward the nozzle exit. This 

result was explained by the Bernoulli effect where the 

velocity reduced the static pressure on the upper surface 

of the plate. The upward force on the plate was a maximum 

at a distance of three inches from the nozzle exit. 

(See Fig. 10). 
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