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This study experimentally examined the relationship between prime vacuum generated 

and the venturi jet and venturi throat geometry. Engine exhaust is routed through the venturi to 

create the vacuum needed to prime the water pump. Pilot research was performed using a ten 

horsepower Yanmar engine and several venturi style throats and jets. After pilot testing, a 

compressed air hose was used to simulate exhaust gas flow and test modified venturi component 

combinations. It was concluded that the throat and jet combination that should be used for 

production produced the second highest vacuum reading and created less back pressure than the 

other combinations. The most promising jet and throat combination found using exhaust was 

then tested on the same engine used for the pilot research to verify the expected vacuum levels. 
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Chapter I: Introduction 

Firefighters rely heavily upon the equipment that they are using. The equipment's 

performance directly affects the success of the firefighter in reducing structural damage and 

saving lives. For instance, the fire pump is a vital extension of the firefighter. When coming to a 

scene, it is the first piece of equipment that is used to battle the flames or prevent them from 

spreading. In order for the pump to run, it must be able to start quickly and effectively. Before 

water can begin pumping, the pump must achieve prime. 

In order to achieve prime (fill pump with fluid initially), an exhaust primer is used on many 

small, combustion engine driven portable pump units (under 200 pounds per NFPA 1901 

Standard). The exhaust primer uses the exhaust from the engine to create a vacuum for the water 

pump by means of the venturi effect. The Venturi Effect is when a flow of high pressure low 

volume fluid passes through a temporary constriction, causing the resulting fluid flow after the 

constriction to be at a higher velocity and lower pressure than the air flow before the 

constriction. The resulting increase in velocity (in this case, of the exhaust gas), creates a 

vacuum. The vacuum is translated into lift due to the primer tube connecting the exhaust venturi 

to the suction side of the pump. The greater the vacuum that is created, the less time it will take 

for the pump to achieve prime. The vacuum, or lift, is measured in inches of mercury. 

The basic components of the exhaust primer are the primer body (including valve), the 

jet, and the throat. The jet and the throat are the two main variables in the exhaust primer that 

affect the amount of vacuum that is achieved. The jet is on the side of the airway that is before 

the constriction and also creates the beginning of the constriction. The throat provides the second 

half of the constriction as well as the airway after the constriction. Combined, the jet and the 

throat act as the venturi that produces vacuum. 
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Statement of the Problem 

In an exhaust primer assembly, there are a large number of variables that can affect the 

amount of vacuum produced. These variables are both climate related and the various geometry, 

sizes, and proportions of the assembly. By testing at times when atmospheric conditions are 

similar to each other between days of testing, correlations were made between the geometric 

variables of the jet and the throat to find the optimal values. By recognizing this con-elation, the 

exhaust primer can be made more efficienf(able to achieve higher lifts) which ultimately means 

that the prime is more effective. 

Purpose of the Study 

The purpose of the study was to design a venturi jet and throat combination that could 

maximize the lift of the priming system. This was to be accomplished by variations made only to 

the jet and the throat of the primer system. By increasing the efficiency (increasing the lift) of the 

primer system, the pump will be able to achieve prime very quickly. This means that the pump, 

in the fire service industry, can be used sooner during a life threatening event such as a structural 

fire . 

Assumptions of the Study 

The first assumption was that the results would be similar in any reasonable environment 

outside of the testing facility. Reasonable, in this case, applies to any conditions that the pump 

would normally operate in (high temperature, close to open flame, extreme cold weather, etc.). 

The second assumption was that, by limiting testing to take place during similar 

atmospheric conditions (temperature, humidity, barometric pressure), changes in the data were 

caused by geometric differences in the venturi components. 
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The third assumption was that the composition of the fuel being used in the engine during 

testing was consistent and conformed to conventional standards. This would indicate that exhaust 

temperature and composition did not vary based on fuel related causes. 

The fifth assumption was that the fluid flow through the venturi components was an 

isentropic process that was diabatic, meaning that the flow through the venturi jet and throat 

changed the fluid temperature. 

The sixth assumption was that the friction loss inside of the components of the venturi 

was small enough to be negligible. 

Definition of Terms 

Venturi Effect. The reduction in pressure and increase in velocity when a fluid passes 

through a constriction 

Lift. Measured in inches of mercury, the height of the manometer column that results due 

to the vacuum created with the change in pressure before and after a constriction of flow of a 

substance through a pipe. 

Pump Prime. The preparation of the pump to start flowing water from the suction side 

to the discharge side of the impeller 

Isentropic. At a constant entropy 

Entropy. Measure of energy not available to do work - constantly increasing until at a 

maximum state 

Diabatic. Occurring with the gain or loss of heat 

Coaxial. Having a common axis 

Head Pressure. Resistance to the flow of a pump 
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Feet of Head . Feet of vertical lift - Converted from inches of mercury, 1 foot of head = 

.8827 inches of mercury 

Exhaust Primer. Priming system using exhaust gas to create vacuum to prime a 

centrifugal pump 

Primer Body. Houses primer valve to route exhaust gas through venturi components 

Jet. Venturi component providing inlet for fluid and first part of constriction 

Throat. Venturi component providing second part of constriction and outlet for fluid 

Limitations of the Study 

The first limitation of the study was that it allowed changes to be made to only two 

components of the exhaust primer: the jet and the throat. There are several variables related to 

the jet and throat geometry. The following table represents the variables studied within the 

geometry of the jet and throat: 

Table 1: Geometric Variables for Jet and Throat Components 

Variables for Jet 

A 

B 
c 
D 

E 

F 

Variables for Throat 

G 

H 

J 
K 
L 
M 
N 
p 

R 

Cross sectional area of 
constriction 

Entrance angle 

Angle after constriction 

Entrance diameter 

Constriction Length 

Exit distance 

Cross sectional area of 
constriction 

Entrance diameter 

Exit angle 

Length after constriction 

Overall length 

Entrance length before thread 

Entrance radius 

Length before constriction 

Length of Constriction 
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The second limitation was that the primer must function based on the exhaust flow routed 

through it. 

Methodology 

After the initial testing of the existing components, modifications were made to the jet 

and throat that yielded the highest reading. In this study, the jet and throat that were being used 

as starting points were the T3 throat and J3 jet (See Appendix A for component drawings). By 

starting from these components, modifications were made to change the cross sectional area of 

both the constriction in the jet and the constriction in the throat. With this method, a new 

combination of components was determined to be a better baseline for fmiher testing. These 

components will be referred to as the control components through the remainder of the paper. 

After finding this new combination of components, variables A through P were then 

altered one at a time to eliminate some of the variables. Results of this testing can be seen in 

Chapter III. 
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Chapter II: Literature Review 

The centrifugal pump emerged on the fire service market as early as 1912 as an 

alternative to the positive displacement pump (Teske, 2003). The centrifugal pump is a major 

competitor because it has fewer moving parts than most other pumps used in fire apparatus. 

Centrifugal pumps are also capable of much higher flows than self priming positive displacement 

pumps of comparable size and weight. Today, the market is flooded with centrifugal pumps 

because of their simplicity, capability, and reliability. 

Despite the benefits of the centrifugal pump, one of their downfalls is that a primer is 

required. Centrifugal pumps may also "lose prime" when pumping if excess air penetrates the 

suction side of the pump. This means that the primer needs to be ready to re-prime the pump at 

any time and with little effort. A primer can come in many forms, including fluid-filled electric, 

fluid-less electric, rotary gear, gasoline engine manifold, and venturi style exhaust primers 

(Teske, 2003). 

For portable pumps, having to add the extra weight of an entirely separate pump for 

priming can be a disadvantage. In addition, many of the auxiliary priming systems can be 

troublesome in the field. The fluid-filled electric pump, for instance, may leak or cease and 

require that the fluid be changed. The fluid-less electric primer, on the other hand, tends to have 

a shorter lifespan because the lubrication needed for the critical wear components is made by 

slowly wearing away parts of those components. Rotary gear and gasoline engine manifold 

primers are cumbersome and inefficient. They can also easily cause damage to the engine. The 

venturi style exhaust primer emerges from these options as the smallest and, if correctly 

designed, the most reliable primer available for portable pump applications. (Teske, 2003) 
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The venturi style exhaust primer also shares with the centrifugal pump the benefit of 

simplicity. The primer uses exhaust to create a vacuum that pulls water into the suction side of 

the pump, causing a flooded suction and allowing the pump to begin creating discharge pressure. 

The discharge pressure then takes over and keeps the pump primed (barring any suction leaks 

that can cause loss of prime). 

The basis of the venturi style exhaust primer is what is known as the "venturi effect". The 

venturi effect can be described as a fluid flowing through a constriction, where the constriction 

causes a decrease in pressure (Lamb, 1953). The fluid then passes through the constriction and 

the pressure increases, creating a vacuum. This vacuum acts to "pull" liquid into the pump 

allowing the suction to flood and the pump to prime. In order for the venturi primer to function 

properly, the venturi geometry is critical. 

The components of the venturi (the jet and throat) must be sized according to many 

factors. These factors include, but are not limited to, the speed of the air passing through the 

venturi, the height that the fluid must be lifted in order to enter the pump, the barometric 

pressure, the temperature of the working components, and the back pressure (Tuszon, 2000) . 

The Centrifugal Pump Primer 

The centrifugal pump has proven to be a reliable, and often a necessary, presence on the 

fire scene. At a fire scene, the pump must be able to overcome almost any condition because, if 

the pump fails, lives are at risk. One of the major concerns and most terrifying scenarios for the 

firefighter is that, with discharge line pulled into a burning structure, the pump will lose prime 

and the firefighter will be left without any means of defense in the burning structure. 

An area of concern with centrifugal pumps may come from the shaft sealing mechanism. 

The impeller shaft is driven either directly from the engine shaft or through a gearbox that acts as 
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a transmission. The shaft enters the pump through the eye of the impeller. This means that the 

area between either the impeller shaft and the gearbox or the impeller shaft and the engine must 

be sealed. "Seal failure in critical applications can have severe implications" (Green, 2001). One 

possible implication is that the seal will fail and the gearbox will then fill with water. This can 

cause the gears to cease due to lack of lubrication when the oil is diluted to the point of being 

ineffective against the extreme heat that is generated by the meshing of the gears. If the gears 

cease, the impeller shaft stops rotating and the pump stops pumping. In this situation, sever 

damage can be caused to both the pump and the engine that is driving the pump. The firefighter 

is then left without the safety of the water for protection. 

Centrifugal pumps have also advanced to the point where they are self-priming. With the 

self-priming pump, water is added to the pump through the priming port. The water then fills the 

discharge reservoir and travels through the eye of the impeller. The pump is primed without first 

filling the suction line as is typically needed with most centrifugal pump designs. In this case, all 

of the connections on the pump must be air tight (Bechtler, 1994). If air enters the pump inlet 

while it is pumping, it can cause cavitation. 

Cavitation can have severe consequences to the components of the pump. The water 

inside of the pump is pressurized which allows the pump to provide the discharge pressure 

needed. Gases, including air, are compressible (Dellar, 2003) so, when air enters the pump and is 

sUbjected to the extreme pressures within the water, the compression causes the gases to attempt 

to vaporize (Isaacs, 2009). When the pressure reaches a critical value, and the gas bubbles 

attempt to expand to relieve the pressure, the bubbles implode. The implosion of these bubbles 

can cause severe damage to the internal components of the pump. Cavitation can sound like 
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pieces of metal being thrown into the pump and the resulting damage looks like the components 

were shot with buckshot. 

Although much research has been done in preventing catastrophic pump failures , loss of 

prime while pumping is also of major concern. This is particularly imp0l1ant on portable pumps 

that are used in areas where other pumps may not be able to go. With portable pumps, the pump 

is typically carried to an area where it will be the most effective in fighting the fire. This could be 

a brush or wildfire where the water source is a reservoir (natural or manmade). The pump is 

almost exclusively used while pumping from draft. The suction line inlet must be completely 

submerged in the water source in order to allow the pump to continue pumping without drafting 

air. If too much air is drafted, the pump will lose prime. 

Research in centrifugal pumps regaining prime is still needed. Typical primers may be 

slow to prime and it is often difficult to determine, after having already achieved and lost prime, 

whether or not all of the air has been effectively removed from the pump. (Teske, 2003) 

According to the NFP A 1901 standard, the primer is meant to fully prime the pump in 

less than 30 seconds for pumps under 1,250 gpm. The exhaust primer is always connected to the 

exhaust of the engine and so, as long as the engine is running, the primer is always available to 

prime by simply opening the valve on the primer body to redirect the air through the venturi 

portion of the primer. 

Though little research has been done to correlate exhaust primers to the venturi effect, 

there has been research on venturi design as it relates to jet pumps (Wakefield, 2002). One of the 

leading experts on this topic is A.W. Wakefield of Genflo Technology Limited. Wakefield's 

publication of "An Introduction to the Jet Pump", released in August of 2002, discusses the basic 
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science behind the venturi. Wakefield briefly discusses the geometric relationship between the 

venturi components and their effectiveness. 

The purpose of this paper is to find and document the connection between the exhaust 

primer venturi geometry and measurable engine and environmental characteristics. The ultimate 

goal is to eventually be able to correctly and effectively size the venturi components without 

relying on the typical trial and error technique. 
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Chapter III: Methodology 

Portable centrifugal firefighting pumps require a primer that is auxiliary to the pump in 

order to achieve prime. Though these primers can come in many different forms, the venturi 

exhaust primer is the most compact and is quickly becoming one of the most popular primer 

systems used on portable pumps. In the exhaust primer assembly, two components can determine 

the efficiency of the primer. These components are the jet and the throat. By finding the 

con-elation between the geometry of the jet and the throat assembly and the engine that is being 

used to drive the pump, a more accurate and more reliable venturi exhaust primer can be 

designed. 

Data Required 

Many determinations were made before testing to make certain that the correct aspects of 

the experimentation were recorded. Criteria for testing were largely determined through 

evaluation of the needs of the user of the centrifugal pump. 

The first determination that was made was that the actual lift (feet of head) achieved 

through the primer was the main factor of a good primer. The second determination was that the 

time to reach prime was also of concern. According to NFP A 1901, pumps under 1,250 gpm 

must prime within 30 seconds. 

For this research, the same 10 horsepower Yanmar engine was used both for the pilot 

study and testing. The Yanmar engine was chosen due to recent changes in emissions 

requirements that caused the engine exhaust pressure to decrease. This change also decreased the 

efficiency of the primer components previously used that were designed for the higher exhaust 

pressure. The combination of jet and throat used previously on the Yanmar engine (13 and T3) 

yielded a vacuum of approximately 12 inches of mercury (13.60 feet of head/ lift) after the 
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emissions changes. Previous to the emissions changes, the J3 and T3 combination yielded a 

vacuum of approximately 20 inches of mercury (22.66 feet of head/ lift). 

Testing began with modifications that were made only to the constriction diameter on the 

jet and throat. With this method, a new set of jet and throat were determined to be effective. 

These components were numbered T5 throat and J5 jet. This combination yielded approximately 

22 inches of mercury (24.92 feet of head/ lift) and was used for further testing. 

After examining the specific criteria that would allow testing to be measured effectively, 

the variables of the testing were determined. The controlled variables that were changed by the 

researcher throughout testing included the jet and throat geometry. This was accomplished by 

starting with the control components (T5 and J5) and creating new components that were slight 

variations of the controls. The intention was to change one geometry variable at a time. See 

Appendix A for components and corresponding geometry. 

The environmental variables that were not controlled but needed for reference to explain 

anomalies included the barometric pressure and the air temperature. 

Instrumentation 

Instruments used for testing included a vacuum gage, pressure gage, 10 horsepower 

Yanmar engine, exhaust primer body and internal components, compressed air hose and several 

jets and throats. 

The exhaust primer was attached to the exhaust of the Yanmar engine. A vacuum gage 

was threaded into the jet to simulate the primer tap on the pump. This allowed for an accurate 

reading of the amount of vacuum that was produced without priming the pump and then draining 

it between each test. 
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An adapter was made with a pressure tap to place between the exhaust and the primer 

body to determine the inlet pressure to the venturi primer. Copper tubing was run from the 

pressure tap to a pressure gage. This pressure was used to set a regulator placed between the air 

hose and primer components (See Figure 1) to use for further testing with component 

combinations that yielded favorable results verified using the 10 horsepower Yanrnar engine. 

Figure 1: Primer System Test Setup for Venturi Component Testing Using an Air Hose Supply 

Air Regulator 

Data Collection Procedures 

There were four "standard" combinations of jet and throat components that were used on 

portable pumps at the company where this research was conducted. Verifying these existing 

combinations for a baseline using a ten horsepower Yanrnar engine yielded the following results 

(values in inches of mercury): 

Table 2: Pilot Study for Existing Venturi Components Vacuum Test Results 

* All values in inches of Mercury 
Throat 

Jet T1 T2 T3 T4 
J1 18.5 11.25 19 * 

J2 16 12 1.5 * 

J3 16.25 8 19.5 2.5 
J4 8.75 5 12.25 19 

After initial testing of the existing venturi components, modifications were made to the 

jet and throat that yielded the highest vacuum reading. Jet J3 and throat T3 were used as the 

control components for further testing. 
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During testing, the control jet and throat were retested at the start of each test day to 

verify that the results were comparable and repeatable. 

The engine was run without the pump but with the inboard head, which acts as an adapter 

between the engine and pump, attached to the engine mounting face to act as a guard to the 

spinning engine shaft. 

An exhaust primer body was attached to the muffler of the engine. From the exhaust 

primer body, a hose was run to a quick connection that connected a professionally calibrated 

vacuum gage. 

An adapter was fitted between the exhaust outlet on the engine and the primer body with 

a pressure tap to measure the outlet pressure from the engine. 

The exhaust primer body housed a valve that was actuated by a hand lever. The valve 

activated the venturi components by routing the exhaust of the engine through them. See figure 2 

for the exhaust primer system cross section. During testing, the valve was held in the prime 

position to allow the exhaust to route through the primer components. The valve was held in the 

prime position until the reading from the vacuum gage stabilized for 3 seconds. The stabilized 

reading was recorded in a table that included barometric pressure and air temperature. The 

engine temperature was assumed to remain constant by running the engine before testing. 



Figure 2: Exhaust Primer System Cross Section 
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Data analysis. During the pilot study with the 10 horsepower Yarunar engine where the 

ratio of the cross sectional areas of the jet and throat were studied, a graphical analysis based on 

the results yielded from testing was used as an attempt to predict the next geometry that should 

be tested. The graphical analysis plotted the vacuum readings obtained with the ratio of the cross 

sectional areas of the jet and the throat being tested. By graphing some the cross sectional area 

ratios versus the resulting vacuum, an optimum point can be found. The optimum point is the 

maximum point of the curve drawn to relate three plotted points from the actual test data. The 

maximum point from the quadratic equation was used as the next ratio to test. An example of this 

analysis technique can be seen in Figure 3 or Appendix C. 
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Figure 3: Prediction Technique for CSA Ratio Graphical Analysis Used During Pilot Study 
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It was detelmined during the pilot testing that basing the research solely on the ratio of 

the cross sectional areas provided random and unpredictable results. This meant that the pilot 

testing was done by the trial and error method. After a combination (labeled J5 jet and T5 throat) 

reached 22 inches of mercury, the combination was further improved by identifying several 

possible geometry variables for the jet and throat. From the list of variables, five new jets and 

four new throats were created. During this portion of the testing, jets J6, 17, J8, J9 and J1 0 were 

tested with the control throat (T5). Throats T6, T7, T8, and T9 were tested with the control jet 

(J5). All other combinations were then tested also using the 10 horsepower Yanmar engine. 

Limitations 

Some limitations to research using a venturi exhaust primer are the measurement 

instruments that are able to be used in high temperature environments. A flow meter that could 

withstand the high exhaust temperatures to measure the flow rate from the exhaust of the engine 

could not be found. 
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Another limitation during testing was that only existing jet and throat geometry 

dimensions were altered. This helped to prevent the number of variables from being infinite. 



25 

Chapter IV: Results 

This chapter will present the results of the study performed by the researcher. A pilot 

study was conducted based on venturi components that were already in production. 

Referencing the pilot study, possible geometry variables for both the jet and the throat 

were listed. These variables were used to create new components that each had one variance 

from the control components (T5 and J5) . 

Test Data 

It was found during testing that some of the predetermined variables had little to no effect 

on the level of vacuum achieved by some combinations of components. Variables that had little 

to no effect on vacuum readings were eliminated from further exploration based on comparison 

of data between the control components testing (T5 and J5) and the variable components testing 

(Jets J6 - J I 0 and Throats T6 - T9) . Eliminated variables included the constriction length and the 

entrance diameter. 

Table 3 indicates test results using the control and variable components. This testing was 

done using an air hose to simulate exhaust flow through the venturi components. The column 

labeled "Best Inlet Air Pressure" is the inlet pressure that was able to achieve the highest 

vacuum. 
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Table 3: Venturi Com~onent Testing on Air Hose vs. 10 h~ Yanmar Engine 

Best inlet Vacuum 
Actual inlet Vacuum 

Achieved 
pressure - Achieved 

Throat Jet 
pressure 

engine -10hp 
- air hose (air hose- exhaust Yanmar 

(psi) in Hg) 
(psi) (in Hg) 

T8 J9 16.9 21 19.2 20.4 
T5 

J7 20.1 21 18.4 19.5 
(Control} 

T7 J10 19.8 19.5 19.1 20 
T8 J10 22 21 19.4 20.2 
T9 J7 26.3 21 18.8 19.5 
T9 J10 28.8 21.2 19 19.5 
T5 

J9 16.8 16.25 19.2 19.5 
(Control) 

T9 J9 19.9 16 19.2 19.5 
T7 J9 17.8 15.75 19.4 19.7 
T5 

J10 20.5 18.5 19.4 19.5 
(Control} 

T7 J7 20.5 20.5 19.6 19.7 
T5 

J8 22.8 19.75 18.9 18.7 
(Control} 

T9 J8 26.9 18.5 18.9 18.5 
T9 J6 21 21.2 19.6 19 
T7 J8 21.7 19.5 19 18.2 
T8 J8 21.3 19 19.1 18.2 
T8 J6 21.2 20.75 20.3 19 
T6 J9 17.7 15.5 19.2 17.8 
T6 J8 22.9 18 19.1 17.6 
T6 J7 19.9 18 19.5 18 
T8 J7 21.1 22 19.5 18 
T6 J10 18.3 18.5 19.5 18 
T5 

J6 21 22.75 21 .7 19.5 
(Control) 

T8 
J5 

46.3 20.5 22.4 20 
(Control} 

T9 
J5 

54.2 21 21.9 19 
(Control} 

T6 J6 20.3 19.5 21 .7 18.5 

T7 
J5 

47.8 21 22.9 19.5 
(Control} 

T5 J5 
50.3 23.75 24.6 20.5 

(control} (Control} 

T6 
J5 

47.4 21 23.7 18.5 
(Control) 

T7 J6 17.3 5 20.8 0 

Testing indicates that the combination of components that produced the highest vacuum 

was the control components (T5 and J5). The second highest vacuum reading obtained was from 
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variable components J9 and T8. Jet J9 varies from the control jet (J5) by the angle after the 

constriction. Throat Z varies from the control throat (T5) by the entrance length before the 

thread. 

The control component combination, according to testing with the air hose, is capable of 

achieving 23.75 inches of mercury of vacuum. This is with an inlet pressure of 50.3 psi. During 

testing using the 10 hp Yanmar engine, it was found that this combination produced 

approximately 20.5 inches of mercury with an inlet pressure of 24.6 psi. The second best 

combination of components (Jet J9 and Throat T8) showed during testing with the air hose a 

capability of achieving 21 inches of mercury. During testing with the 10 hp Yanmar engine, it 

was found that this combination produced approximately 20.4 inches of mercury with and actual 

inlet pressure of 19.2 psi. 
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Chapter V: Discussion 

Limitations 

Some limitations to research using a venturi exhaust primer are the measurement 

instruments that are able to be used in high temperature environments. A flow meter that could 

withstand the high exhaust temperatures to measure the flow rate from the exhaust of the engine 

could not be found. 

Another limitation during testing was that only existing jet and throat geometry 

dimensions were altered. This helped to prevent the number of variables from being infinite. 

Conclusions 

Using an air hose to simulate exhaust inlet gas for testing, it was found that the optimum 

inlet pressure for T5 throat and J5 jet was 50.3 psi . This yielded a test result of23.75 in hg 

indicating that a large amount of back pressure was created. 

The component combination with the second highest vacuum reading was throat T8 and 

jet J9. The optimum inlet pressure for this combination was 16.9 psi. This yielded a test result of 

21 in hg indicating that this combination caused less back pressure than the T5 and J5 control 

combination. 

Back pressure from exhaust components can cause severe damage to the engine from 

soot build up. For this reason, throat Z and Jet U were determined to be most well suited for the 

exhaust primer application from the components that were tested. 

Research Comparison 

According to A. W. Wakefield, the inlet and outlet angle on the venturi are the most 

critical in terms of producing high vacuum readings. Test results appear to support this. 
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The main difference in Wakefield's research is that the fluid Wakefield was using was a 

liquid. In this case, the fluid is a gas. This changes results in terms of compressible versus non­

compressible fluids. This could account for the indication found during testing that the angle 

after the constriction of the jet also greatly changes the amount of vacuum that is achieved. 

Another interesting finding was that the control components yielded different results at 

different times. This indicates that environmental factors also created changes in results . 

Recommenda tions 

One recommendation for further research is to create a more controlled environment for 

testing to aid in eliminating environmental factors. This could be done either by using a climate 

controlled room for testing or running all tests consecutively on the same day. 

Another recommendation would be to further explore the relationship between the engine 

and the exhaust primer. A con-elation should be found between the engine displacement and 

various other factors, and the amount of vacuum achieved. This could be done by perfonning 

tests on several different engines. These engines may need to be segregated into test groups 

based on the manufacturer of the engine for the most comparable vacuum levels. Atmospheric 

conditions during simulated exhaust testing definitely influence the amount of vacuum produced. 

However, exhaust primers in service experience temperatures much higher than atmosphere and 

the engine exhaust has consistent moisture content. 
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Throats 

(7/S-1S UN S .06 X 45' 

J' 

K 

L 

Variables for 
Throat J5 T5 T6 T7 

Cross sectional area of 
G constriction 0.234 0.247 0.247 0.247 
H Entrance diameter 0.5 0.5 0.5 0.5 
J Exit angle 4 5 5 5 
K Length after constriction 2.12 0.938 0.938 0.938 
L Overall length 3.25 3.23 3.23 3.23 

Entrance length before 
M thread 0.34 0. 32 0.32 0.32 
N Entrance radius 0.312 0 0 0.5 
P Len th before constriction 0.1696 0.07 0.15 0.07 
R Len th of Constriction 0.956 2.22 2.142 2.222 
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REVISIONS 
L TR OESCRIPTION DA TE CHG NO. APPR'D 

A ADDED NO TE 1 2 G:·~ R2007 200 7-112 J'o/G 

7/8-18 UNS-2A ~ 
MA JOR DIA: .8736/.8649 \ 
PITCH DIA: .8375/.8329 . 00 

MINOR DIA: .8075 MAX (REF) .06 X 45 ' 

1---- - 3.23 -----~ 

I DTES: 
1 LOO HEX x3,5i EACH (42125' BAR MAKES 12) ."!Ol. CR(AIED 

IRG'IDVE SHARP 
aCES 

t-!AT(RIAL DESCR)PTION: 

INCH 
(M ILLIMETER ) 

11'11" ~ rt:l..LCI OLD PART NO 

$-EJ- G622-2 
TOLERANCE 

l-'JlTERIAL NO. PAH[RN NO. 

4416802 7/24 / 08 III A 
12 IN.S. Darley 8-

I T [L - CHIPptVA rALLS \..'[ 

THROAT - PRIMER 

LOO HEX X 138 LG BRASS - SEE NOT E I 11 01604 

[XCLPT 
AS NDTEO 
.00 1- OJ 
.GaO 1010 
AM i..n : .tl' 

R'N RP..H 
TH[ S DESIGN IS THE PROPERTY or 
-".$. DARLEY AND CO. - U~AUTHOR[Z[D 
RrPRODucnm .. IS PROI'IIRITED 

FINISH ALL OVER 

I REMOVE SHARP EDGEs l 

ALL DW.::::NSIONS IN 
INCHES Uo'lLES S /,mT[D 

7/8-1 8 UNS 

DATE 07-i':oy -56 T1 HI<D 
RC D JSSfillb/)4 

DO NOT SCALE PRINT SCA LE III 

I REVISIONS 
LTR DESCRIPTION DATE CHG NO. "PPR'O 

I I I I I 

r.06 X 45' 

312 7.800 / / .12 R ~TAPER WITH X4099 TOOL 

,-J=:r -J-J/ ry j~ 
.87450.359 4---~-----------~----+­
.864 

~1=I~~L~212 
34- t l 

f--.75~ 

1----- - 3.25 ---- ---j 

.531 .62 

INCH I 
[M ILLIMETER ] $-E:3 

01..0 PART NO. OLERANCE ~ W.S. DARLEY 8 CO. 
MA TE RIAL MUST COMPLY V TH ASTM BI6 ~ G622-6 EXCEPT 

AS KOTED 
~,1ELROSE PARK IL - CHIPPEWA FALLS Vii 

MA TE RIAL NO. PA TTERN 1\0. .00 .t.OJ 
oeo ~.O10 

THROA T - PRIMER MATERIAL DESCRIPTIO,,>: 

1" HEX X .3 . .38 .360 BRASS i l 0 1604 - A.>.;GI.!.S .l:1' 

OR'N RAH 

DO NOT SCALE PRINT Crl i'CD 
TReD 

DATE MAY05,56] THIS O::StCN IS ThE PROPER TY Oi=' 

I 
ALL Q1MEN SIONS IN 
INCHES UNLESS NaITO SCALE 1/1 l W.5. DARLEY AND co. UNAUTHORIZED 

R(PRODu cno." IS PROHIBI l{O 



7/8 - 18 UNS 

FINISH ALL OVER 

I REMOVE SHARP ED GESI 

MATERIAL DESCRIP TlON: 

1" HE X X 3.38 360 BRASS 
TH IS DESIGN IS THE PROPERTY Of 
W.S. DAR LEY AND CO. - UNAUTHORIZED 
REPRODUCTION IS PRGnI8I ITO 

MA TERIAL: 360 BR ASS 

I REMOVE SHARP EDGESI 

MA TERI AL OE SCR lpno~: 

ALL D I\~EN Sl O:-<S IN 
INCHES UNLESS NOTED 

1" HE X X 1. 84" 

THIS DESIGN IS THE PRO?ERTY 0; 
'U.s. DAR LE Y AND CO. - UNAU THC~JZEO 
R[PROaUC nON IS PROHI81 TEO 

All DIMENSIONS IN 
INCHES UNLESS NOTED 

3 4 

DESCRIPTION APPR'O 

.06 X 45· 

TAPER WI TH X4099 TOOL 

.75 

1------- 3.25 - - ----1 

OLD PART NO. 

MA rC:: RI AL NO. PA TTERN NO. 

1101604 

DO NOT SCALE PRIN T 

INCH 
[ MILLIMETER ] 

OLERANCE .@J W S. DARLEY 8 Co. 
A~X~g'JO MELROSE PARK IL - CHIPPEWA FALLS WI 

.00 .t.OJ 

.000 :,010 

..... NCL f: S .t l' 

ChKD 

fReD 

TH ROA T - PRIMER 

OA T[ iSMAY,DD 

SCAL E 1/1 

DESCRIP TION APPR'O 

, 
.6.3 
I 

OLD PART NO. TOLERANCE 
EXCEPT 

AS NOTED 

).fA l (RIAL NO. PATT'ER 1>I NO. .00 .i..OJ 
,000 .t .010 

1101604 A. .... Cl.[S .tr 

DifN OMO 
Cr. i<D CI<E 

INCH 
[ MILLIMETER ] 

~ W 5 , DARLEY 8- CO, 
,ll.ElROSE PARK IL - CHIPPt:WA FALLS. \'b 

THROA T - PRIMER, USE W/44'16707 
10HP I TEK 

DO NO T SCALE PRINT 
fReD SCALE 
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RE VISION S 
LTR DESCRIPTION DATE CHG NO APPR'O 

7/8 -18 UNS -2A 
MA JOR OIA8736/.8649 
PITCH OIA .83751.8329 

II DR OIA: .8075 MAX (REF) 

SHARP CORNER - NO BURRS CORNER - U BURRS 

¢.63 

f----- 3.23 -----~ 

NOTE S 
l) LOa HEX X 3.5 1 EACH (421 25' BAR MAKES 12) 

!'<EMOVE SHARP 
·:SCES 

:-IA TERJAL OESeRIP r [0,\': 

1.00 HEX x 3.38 LG BRASS 

THIS DESIGN IS THE PROPERTY 0. 
\I.S , DARlEY AND CO. - u :'I:AUTHORIZE 0 
REPRODUC TION IS PROHI BITED 

INCH 
[MILLIMETER ) 

SEE NDTE 1 

ALL DIME NSIONS IN 
iNC HE S UNLESS NOTED 

HATERIAL NO PATiERN NO. 

1101604 

DO NOT SCALE PRINT 

MODEL NAi-:[ MOL CREAT E:O 

EXCEPT 
AS NO TED 
00 %.OJ 
.oeo 1: .010 
A"'Gl .E'S: 11" 

'R 'N AM 

t-t<D TC D 
Reo 

7/24/00 

THROAT - PRIMER 

DATE 24-Jui -08 

SCAL( III 

REVISIONS 

111 

Wi 

TS 

A 

DESCRIPTION APPR'D 

7/8-18 UNS-2A 
MAJOR OIA .8 736/.8649 
PITCH DlA: .8375/.8329 

i'1INOR OIA: .8075 MAX (REF) 

SHARP CORNER - NO BURRS 

.32--· 

. 75 --+---<~ 

.13 

(2) .06 X 45' 
SHARP CORNER - NO BURRS 

¢411 ¢63 

t 
938 

f----- 3.23 - - ----1 

NOTES: 
l) LOa HE X X 3.51 EACH (42125' BAR MAKES 12) 

I'<EMO V E SHARP 
cl3GES 

MATER IAL OESCRIP T[ON 

INCH 
[M ILLI ;~ETER ) 

I ' HEX X 3.35 360 BRASS 

THI S DESIGN IS T.-;C PROPERTY cr 
\.I .S. DARLEY AND co. - u~AUrHUR [ZED 
REPRODUC TION IS PR H TED 

AL L D1~£:-;StoNS IN 
I~CHES U~L(SS NOTED 

MATERIAL NO. PATTeRN 1\'0. 

1101 604 

DO NOT SCALE PR INT 

.CO t03 

.ceo t 010 
"""CoLes tl " 

. R'N AAN 

h.<D 
RCD 

~DL CReATE D SHEET 

8/13/09 1/1 

\.J.S. Durley 8. 
JT~ Il - CHIP ptlJA rALL S '.II 

THROAT - PRU1ER 

T6 

A 
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, REV I SI ONS 
LTR DESCRIPTION DATE CHG NO. APPR'D 

I I I I l 

7/8-18 UNS-2A 
MAJOR DIA: .8736/.8649 
PITCH OIA ,8375/,8329 

SHARP CORNER _ NO BURRS \ 1'\0 /~ SHARP 

MINOR O!'t; .8075 MAX (REF) Ir- (il80~- (2) .06 x 45' 
COR ER - NO BURRS 

~ It(il,247 I i V R,13 5' 1 t 
J?'@~ -....., H/7 / / 7 / /I / 7S: 11= ==l=-- --I-tYG;O R "~ "W~3 ;-~-;;~;-~ ';" '~3 

(100)!-- .07 I-- - .938 I--
- - f-,13 

.32 -
.75 .381--

1--- -- 3.23 ---- -----i 

NOTES: 
[) 1.00 HEX X 3,51 EACH (42,125' BAR HAKE S 12) I'iOl CREAT EO SHeeT 

THROAT Y 8/13/09 III 

I~EMOVE S ARP I INCH .,." " 01. 0 PAR T NO TOLERANCE '011 viS Darlev 8. 
b~E~£G~E~S~;::;::;:H::;;:::====-___ ..:.:[M.:.:I~LL~I:.::ME~T.::E:.:.RJ~~@J::::::C]~W ___ -I A~X~5~tD ~T,rtr, Il - CHIPPC"'A rAllS "' I 

MATERIAL DESCRIPTION, MATERIAL NO . PATTERN NO. ,oo .t OJ THROAT - PRH~ER 

l' HEX X J.35 360 BRASS 1101604 ~,~'~,. 
R'N MN DATE 13-Aug -091 THIS D£SI u.~ IS THE PROPERTY or 

'..I.S . DARLE V A:-JD CO. - UNAuT HDR IZED 
R[PRODuCrTON IS PROHIBITED I ALL OI~[NS I ONS IN 

[I\'CH(S UNLESS NorED 00 NO T SCALE PRINT HKD -

RCD SCALE I1I1 

I REVISIONS 

T7 

A 

IL TR DESCRIPTION DATE CHG NO. T APPR'D 

I T r T 

7/8-18 UNS-2A 
MA JOR DIA: ,8736/,8649 
PITCH DIA: ,8375/.8329 

CORNER - NO 
MINOR OIA ,8075 MAX (REF) K'80~(2) ,06 X 45' 

SHARP C[IRNER - NO BURRS l' /- SHARP 

~ IT (il,247 \ ~ R,13 5· 

1?- '~~~ W;7 /7 / / f'L x:11==±:----L--

,~@ ~I ,SO - ~/-:,- -; --;- /-; -j --; -;-~:--=+=_-____r_ ',-'--' 1 I I A~, r-
t t 

(il4 11 (il63 

t t ~ (1.00) ~ 07 ~ 1:CC _ .938 f-

-j 1--1- ,13 

,20 I---
.75 ---+00-----1.38 I--

1----- 3.1 I --- - ---1 

NOTES: 

BURRS 

D 1.00 HEX X 3,51 EACH (42125' BAR rlrAKES 12) ~.OOCL NA!'~ i: I-iDL CReAT ED SHCET 

THROAT Z I 8113109 I III I A 

IREMOVE SHARP I INCH ,".'''''''' ''0',,, '''' OL D PART NO TOLERANCE 'li3lT \J,S, Darlev 8. 
I ~fg,'~'~;:;;:·;:;:::::====-. ___ -'-(M:I~LL~I~M~ET~E~R~J ,L~@)£::C]:::::W----l EXCEPT ""'-iTtriCA, Il CHIPPt"'A ,AllS, VI l = SGES AS NOTED 

"ATE RIAL DESCRIPTIO', "ATERIAL NO. PA TI(RN NO. .. <OJ THROAT - PRIMER 
l· HEX X J.35 360 BRASS ::"~~ !~I' 

THI S O::::SIGN IS THE PRCPERTY or 
\..' .S . DARLEY AND co. - Uf-:AUTHD.t([ZED 
R(PRO'DuCTmN IS PROHIBITED I ALL Dl~ENS IONS IN 

INCHES U)\LESS l'\.OTED 

1101604 

00 NOT SCALE PRINT 

R'N AAN 
HKD 

ReD 

DAlE 13 Aug 09 1 

SCALE Iii I T8 
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I REVISIONS 
LTR DE SCR IPT ION DATE CHG NO. APPR'D 

f T 

7/8-18 UNS-2A 
MA JOR DIA ,8736/,8649 
PITCH DIA ,8375/ ,8329 

MI DR DIA ,8075 MAX (REF) 

[~(2) 
,06 x 45' 

SHARP CORNER - NO BURRS 1 ~ SHARP CORNER - NO BURRS 

~ Ir¢,247 V R,13 I 5' I 

-r ~ ~/)/ //////1 /':,J t t 
, 

:~@:~tt+50 -j - - - ~ - - -- -- -- -- {--~ ¢334 ¢,63 
~0/////.771 ~, · #n 1 I 1 ~T~ 07 

~ ~ L- 13 (1,00) 
~ 00 I-

,32 I-
.75 ,38 :--

3.23 
NOTES: 
I) 1.00 HEX X 3.51 EACH (42,125' BAR MAKES 12) ~O DEL .'tA."!!: MIlL CREATCD SI-"i:CT 

THRnAT AA 8/13/09 III A 

I'<EMOV E SHARP 
I 

INCH f~D "'''''",(''~.:c:CII OL D PART NO. TOLERANCE ~_ 'vIS Do.r l e~ 8. 
n~IL Llr~ETER ) $-E3 EXC EP T lT/,rtrA IL - CHlPP VA rALLS. \.I I EBGES AS NOTE D 

P.ATERIAL Dt:SCRIPTION.- I-:Af(R[AL NO PflT 1CRN NO. .CO t .oJ THROA T - PRII~ER 

I ' HEX X 3,35 360 BRASS .c:!o t OtO -
11 01604 -

AAGL(S t,\' 

TH IS DES IGN IS TH[ PRC=:I[R r y or 

I 
R'N AAN DIITE 13-Aug-091 T9 \Is. DARLEY AND CD. - UNAUTHI1Q IZE D 

ALL DI II:(N$IDN$ IN. 
DO NOT SCALE PRINT HKO 

111 1 Rf:PRnOIlCTlm-l [S PROH[BIH:O 
INCHE S UNLESS NOTED RCD SCALE 

, REVISIONS 
LTR DESCRIPTION DATE CHG NO. APPR'D 

T 

7/8-)8 UNS-2A 
MAJOR DIA ,8736/ ,8649 
PIT CH DIA: ,8375/,8329 

MINOR D1A: ,8075 MAX (REF) ~OL (2)06 , 4S 
SHARP CORNER - NO BURRS l' ~SHARP CORNER - NO BURRS 

~ [ ¢247 ~ R,13 5' I t 
P!~-~~- / -4:~ 11~ -rl~ ,-@-, ,50 - ¢.63 

Y tt i1/X/ / / / / 7 7if~ 
t ~ (100) ~ 07 

' ~ L"- l' - .938 I-

.20 I--

.750 .38 f---
3 \10 

NOTES: 
j) 1.00 HEX X 335 EACH (42i25' BAR MAKES 12) :o:ODEL Nt\Y.( !-t ilL CR[ATe D Sht(T 

4416811 8/ 13/09 T il l 1 A 

f'<E MOVE SHARP I INCH n.::JJ.'G.cu3,.ottr OLD PMH :-."0 TOLERANCE ~. 'vIS Do. r le ~ 8. 
(MILLIMETER) @t-E} EXCEPT IT~C; IL - CHIPP VA f ALLS 1,.1 1 LEGES AS NOTED 

""'" ~A T (R I Al DESCR IPTJ C"> ~AT(R I AL NO. PAT TERN NO CoO t .Ol THROAT - PRIME R, USE 1114416709 
l' HEX X 3,35 360 BRASS .000 :t OiO PlOD 

1101604 -
A,t\(,L C$ .1 1' 

THI S DES IGN IS ' I-'[ PROPERTY or I 
OR'N M' DATe 3/3/101 T1 0 \1.5- DARLEY A~~ D CO. - UNAUT~RIZE D 

ALL D I ~.LNS IONS IN 
DO NOT SCALE PRINT HKD -

111 1 Rr PRnnucrrrN IS Pi<[HIBIT[D 
I:>:EHES LN!.. ESS NOTE D Reo SCALE 



Jets 

Variables for Jet 
Cross sectional area of 

A 
B 
C 

0 Entrance diameter 
E Constriction Length 
F Exit distance 

----;---1-0---- .75 
CAST 

1/ 41\J PT 

~T~~~rF~~ 
B· 0D E 

~~-1'Y--7t::=:1 

1 .80 -~-i 

J3 J5 J6 

0.136 0.157 0.157 

30 30 30 

45 45 63 
0.63 0.66 0.66 
0.12 0.11 0.17 

0.75 0.75 0.688 

J7 

0.157 
28 
45 

0.66 
0.05 
0.75 

38 

TAP 

J8 J9 J10 

0.157 0.157 0.157 
30 30 45 
45 70 45 
0.5 0.66 0.66 

0.41 0.11 0.44 
0.75 0.75 0.75 
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¢ 112 CAS T ---+-o---~~ 
DESCRIPTION CHG NO. APPR'O 

, " 
... ' 0'-' -t-',-;'t-- ¢.840 BEFORE 
:: \ : THREADING 

¢75 CAST --1-1 ~-~·I 

81 

~ 

Hil DR ILL 
(¢19D THRU ------" 

.25 

_ /7/8-18UI~S-2B 
-.--..::::::::,....RZ=:nr,0h...l-f~4 / II1 !NDR DIA: .828/.815 

PITCH OIA: .8449/.8389 
MAJ DIA: .875 MIN (REF ) 

1-------1-- (867) 
.865 

1.80 ---~ ;:="",!.!!D<"'L-,,".,AY~. [ cc--_;'!:,,:DL~C~R[:!,'~TC~D ,----,~'~ .. C~C.!...T -.-~ 
4416701 1/16/04 III 

I"l~ ~ AV ... C '~A:C:l OLD PARr NO. TOLERANCE '-l.S. Durl ev 8. REMOVE SHARP 
EBGES 

INCH 
[MILLIMETER) $E3 G620-1 EXCEPT 

AS NorED 

Oi) tell 
ceo t .O!O 

[f IL - CHIPptl,lA rALLS vt 

~AT (RIAL OLSCRIPTION. 

CAST BRASS 81-3-7-9 
THI S DESIGN IS rHE PROPERTY or 
V.S. DARLEY AND CD - UNAUTHORIZED 
R( PRO DUC Tlm-l IS PRnl-llBJlrn 

ALL DW.(~ S!ONS: [N 
INC HES u.,"L ESS NOTED 

f-(Ill1~ 
I CAST I 

,\\\ 

f-- ---I 
II-~\ 

MATER IAL NO. PAT fERN NO JET - PRIMER 

44 16798 G620 
A. .... GLCS I\" 

R'N REV DAT[ 04-Hay-56 
ti<D 

DO NOT SCALE PRINT 
RCD JSSO\!604 SCALE III 

LTR 

C 

0 

E 

REVISIONS 
DESCRIPTION 

ADDED A CAST '118' X .125 DP. 

DRILL CENTER TO ~. 75 CAST BOSS 

WAS 1.88 
ADDED 0.66 DIM 
.12 REF WAS .12 

ADDEO (.860) DIM 

--I-----+-~ , 75 
CAS T 

DATE 
6-16-95 

PRIOR TO 
10-18-95 

-
10-25-95 

10/31/07 

.840 0.0. 1/4 NP T__.. .25 

J l 

CHG NO. 
95-28 

95-66 

95 - 69 

2007 -427 

BEFORE "1'--. 1 
THRE ADING 1/2 NP T~ ~ ,'" J>-c /71o~-18 TAP 

3~~ 17 1 
I IlkW 
t (rN\ (Il 66 .812 

1/4 DRILL--.%~ 
450 

f..:o- (.860)© 

APPR'O 
TEO 

TEO 

TEO 

RoC 

~t~~-i~ 
1 80~ = C INCH'" .: 

(M ILLIMETER) 1 $A 1 REMOVE SHARP EDGES I 

OLD PMr NO !TOLERANCE \: W S, DARLEY 8 CO. 
"M",'-;:A:;:TE",R_IA=-=L=M-::-U",S",T_C_O_M_P_L_Y_'1_'~ _T_H_A_S_T_M_ B_50_5_-_8_2_A __ --,-___ --!~G-6-2-0---4___1 A~X~~~O MELROSE PARK Il - CHIPPEWA fALL S " " 

IJATtRJAL DESCRIt>Tlo.'\: MATERIAL NO. PATTERN NO. :~ !:~;o JET - PRIMER 
8 1-.3-7-9 CAS T BRASS 

TH S CES :C~ IS THE PROPt:R TY or 
W.5. DARI..E Y ANO CO. - UNAU THGRIZED 
REPROOuC no:.. IS PROHIBI TED I ALL DIt.'[N SlONS IN 

INCHES UNLESS Nor[Q 

4416798 G620 ""e", .. · 

00 NOT SCALE PRIN T 

OR'N REY OA fE 5 
CI-IKD os" 
mcoYED101 895 SeAL( 1/ 1 I 



----l---+~.840 O. D. 

#29 (.136) 
DRILL 

I REMOVE SHARP EDGES I 
),1ATERIAl DESCRIPTIO:-J: 

BEFORE 
THREADING 

81-.3-7-9 CAST BRASS 

THIS DESIG.'1 IS THE PROPERTY OF 
','/.5. DARLEY AND CO. - UNAU TH ORIZED 
R[PRODUcnON IS PROHI AITED 

R06 TYP 

J 

.81 

ALL OIM EN SI O~S IN 
INCHES UNLESS NOTED 

L .840 00 
BEFORE 

THREADING 

R.06.3 

t - +-«-+--$-++-1--

LTR 
A 

MATERIAL NO. 

4416798 
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DESCRIPTION APPR'O 

ADDED (.860) DIM RJG 

----l-----l-~ . 75 
CAST 

1/4 NPT .25 

OLD PART NO. 

PAHERN NO 

G620 

7/8-18 TAP 
.500 

750 I. (860)0 ~~.....-I 
80J INCH 

[MILLIMETER ] ~ 

TOLERANCE ~ W. S. DARLEY 8 CO. 
A~X~~~O MELROSE PARK, IL - CHIPPEWA FALLS \'.~ 

.00 '.OJ JET - PRIMER 

.000 ±.OIO 
A-% LES tl' 

G .~'N Ci<E OAT[ ',SMAY,OD 
DO NOT SCALE PRINT CHKO 

TRCD SCALE 1/1 

DESCRIPTION APPR'Q 

ADDED (.867) DIM RJG 

.25 

1/4 NPT 

.81.3 

I 

1/2 NPT 
' .625 i-- 7/8-'i8 UI\iS 

I REMOVE SHARP EDGES I 
MA TERIAL DESCRIPT\ON: 

87-.3-7-9 CAST BRASS 

TH IS DESIC,·..j IS THE PROPERTY OF 
'U.s. DARLEY A~D CO. - UN AU rHORIZED 
REPRoo u cno~ IS PROHIBITED 

,/'ILl Oi ~J, E NS i O:-"S IN 
INChES UNLESS NOTED 

--------r- (.867) @ lNCH 
.80 [MILLIMETER ] ~ 

OLD PART NO. TOLERANCE 
EXCEPT 

AS NOITO 

~ w. S. DARLEY 8 Co. 
MElROSE PARK IL - CHIPPEWA FALL S \'Ii 

:::;0 :g!o JET - PRIMER, USE 1'1/4416809 
A.NC1..ES ;tl' 'IOHP INTEK 

MA TERIAL NO. PA TTERN NO. 

44'16798 G620 
DATE 090CT2002 

CMi< O eKE 
TReD SCALE " /1 DO NOT SCALE PRINT 



l/'l,lS7 
DRIll 

fEMDVE SHARP 
[BGES 

MATERIAL CESCRIPT!DN: 

REVISIONS 
-----.J 0112 --I CAST 

DESCRIP TIO N DATE 

I- -I BE FDRE 

• 

1/2 NPT 

! 
30' 1/'l66 ,11 _-+------::~~~ 

\ 
,RE~ ___ -

, J----
SHARP CORNER - NO BURRS 

R,10S 

INCH .. 1._0 .. , OLD PART NO 

[MILLIME TER ) $-8 
~ATER[AL NO, PATTERN ,""D. ,157 

8[-3-7-9 CAST BRASS 4416798 G620 

.(10 ::tOJ 

.oeo i.OIO 
M'GL(S :tT 

THIS DESIGN IS THE PRQPERTY or 
'w'.S. DARLEY AND CO. - UNAUT HORIZEO 
R[PRDDtJ[ TION IS PROHIBIT[O 

• ,81 

0,157 
DRill 

ALL DI~ENS IC:NS IN 
INCHES UNLESS NOT(D DO NOT SCALE PRINT 

1/4 

~o------o~I- ,840 0,0, 
- - BEFORE THREAD ING 

• 

1/2 NPT 

! 

DR'N AfI..'l DA TC 04-Aug-08 
H!<D J£D 

IReD SCALC II I 

30' 0,66 ,1 7 --t---='"~--},oo,-

\ 

,REF _-

J------­
SHARP CORNER - NO BURRS 

R,lOS 

~---I-- (860) 

~DL CRCATCD 

JET R 8/13/09 
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APPR'D 

TAP 

A 

JS 

APPR'D 

TAP 

Shi:[T 

III A 

REMOVE SHARP 
I;,:;BGES 

INCH 
[fil LLIMETER) 

OLD PART NO TOLERANCE ~, \/S Do.rlev 8. 

~ATER[Al DESCRIPTION 

81-3-7-9 CAST BRASS 
fl-1[S DESIG~ IS THE PROPERTY or 
I./.S. DAR L('f AND CD. - UNAUTHORIZED 
Rf.PR . I:C Tl(1N IS PROJ-I IBIT[O 

ALL DJHENSIC~S IN 
INCHES U,"<LES S NOTED 

~.'.ATER[t\ L NO PATTERN NO. 

4416798 G620 

DO NOT SC ALE PRINT 

EXC[P T 
AS NJ]l ED 

00 .to) 
.01:11) 1 .0[0 
M~LCS :tt' 

DR'N MN 
~h'<D TED 
r~CD 

[ T [L - CH[PptI,JA rALLS \..I! 

JET - PRlfIER, ,157 
PlOD 

DATC 8/13/09 

SCALE lit J6 



¢. i57 
DRILL 

['<EMOVE SHARP 
·=£5[; 

MATERIAL DESCRIPTION. 
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RE V ISIONS 
DESCRIPTION DATE APPR'D 

\/4 

~t------i~I- .840 O. D. 
.. .. BE FDRE THREADING 

/ • 

TAP 

28· ¢ .66 .05 ----+-"'---;;;::iiiI::!~ 

\ J_---R-E~---- ~/fiWZ2'L:~ 
SHARP CORNER - NO BURRS ~--1---<'860) 

MD!.. CREA TED SH!:ET 

JET S 0/4/08 \1 \ 
INCH !~I'IO ..... ~.::"A:c 

[MILLIMETER] $-E3- e3 'v1.S. Do. r \ev 8. 
!T1fS lL - CH[ppbJA rAll S 1,.,1 [ 

DLD PART NO TOLER ANCE 
EXCEPT 

AS ~DT[D 

MATERIAL NO. PATTERN NO. 

8\-3-7-9 CAST BRASS 4416798 G620 

.00 .t03 

.0IIi) J: .010 
ANCil ES .t!" 

JET - PRIMER .. 157 
PIOO 

THIS DESIGN IS THE PROPER Ty or 
I,/,S . DARLEY AND CO. - UNAUTHORIZED 
R[PRnnliCTlnN IS PRnHISITr.n 

ALL DIME NS IONS IN 
INCHES UNLESS NOTED DO NOT SCALE PRINT 

R'N AAN DATE 04-Aug-08 J7 H.'<O TED 
TReD SCALE \/\ 

REVISIONS 
DESCRIPTION APPR ' D 

\/4 

~.t------i.~I- .840 O. D. 
BEFORE THREAD ING 

.81 

¢.i57 
DRILL 

REMOVE SHARP 
~B5ES 

~ATER[Al DESCRIPTION 

81-3-7-9 CAST BRASS 
THIS D!:SIGN I S THE PROPERTY OF' 
""' ,5, DARLEY AND co. - UNA UTHOR IZED 
R[PRODUC TION IS PRDHIRlTfO 

! 
i/2 NPT 

30· 

\ 
SHARP CORNER - NO BURRS 

INCH 
IMILLlI·IETER] 

R.l05 

OLD PART NO. 

).fATER1AL 1'.,0 PATTERN NO, 

4416798 G620 

DO NOT SCALE PRINT 

TAP 

~---l-- <.860) 
LBO ~---I 

Ntll. CRtATCO SheeT 

J[T T 8/4/08 \/1 

TOLERANCE 'vIS Do.r \ev 8. 
EXCEPT 

AS NOTED 
~ .to) 
,('';0 1010 
""'\Ol(S ir 

R'N AAN 

HKD T[D 
Reo 

IT il - CHIPptlJA rAll S \.I I 

JET - PRIMER •. 157 
PIOO 

DATE 04-Avg-08 

SCALE 111 J8 

A 



~157 

DRILL 

rE MOVE SHARP 
LSGES 

I-!ATCR IAL D[SCR IPTlON: 

~i.!2 

CAST 

I~ -I 

INCH 
[MILLH·E f ERJ 

43 

REVISi ONS 
UR DESCRIPT ION DATE CHG NO. APPR'D 

\ /4 

840 0.0. 
BEFORE THR EADING 

/ 
TAP 

30' 

1.Jo-----.l-- (860) 

OLD PARI '0. TOLERANCE 
( XC (Pl 

AS NOTED 

I~AT ( RIAL 11:0 PAT TERN NO. ClO to] 

~Dl (ReA Te D So , 

JET U 8/4/08 II I 

\·IS Oo.rlev & 
IT~ IL - CHIPptWA FALLS V I 

81- 3- 7-9 CAS T BRASS 4416798 G620 
.O:C .1 .010 
A:oGl(S t l' 

JET - PRIMER, .157 
PlOD 

TH I S DESIGN IS THE PROPERTY Dr 
\1.5 . DARLEY A:":O CO. - U:NAUTHD~ I Z(O 
~(PROOuCTJOh: I~ PRi1H I 8 I Tf:: O 

.81 

i 

~157 

DRI LL 

i'< EMOVE SHARP 
LSGES 

~),ArER[AL DESCRIPTION· 

All DIMENSiONS IN 
I:'>CH(S UNL ESS NOTCO DO NOT SCALE PRINT 

R'N AAN DAr [ 04 -Aug-08 
HK D TED 
Reo SCALE III 

REVISIOI\JS 
¢1.l2 
CAS T 

l- LTR DESCRI PTION DATE 

I 

1/4 

~O--------i~I- 840 0.0. 
~ - BEFORE THREAD ING 

( 1/ 2 NPT \~/>--r' ~,,--- , y----

SHARP CORNER - NO 

[NCH 'n .......... t RDA ClltJo OLD PART NO. 

[,"\lLLl METERJ $-E:3 
MATC~IAL. NO. PATT(RN NO 

81-3-7-9 CAST BRASS 44 16798 G6 20 

.Q" 10) 

.OW t ,010 
A.,''G'_ [S %1' 

JET - PRIflER,15 7 
PlOD 

n-qS DESIGN IS THE PR [lPERT'r' Of""" 
\o'.S. DAQL('l' AND CD - U~AuT).IURI Z(D 

Rf:F'RnOuCTInN IS PROHIBITED 

AL L DI~ENS IG~'S IN 
I:--';CH£"S UM ... ESS NOTEO DO NOT SCALE PRINT 

R'N AAN DAI[ 04-Aug-08 
H)(D TED 
RCD SCALE III 

J 9 

CHG NO. APPR'O 

TAP 

A 

Jl 0 
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BEF ORE THR EA DI NG 
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APPR ' D 

TAP 

30' (1),660 ,11 _----+----=--~~~ 

\ J--~~~ ----' (il,IS7 _-, 
DRI LL 

IRE I' iD V E SHARP 
;;; l3Ei,;~ 

MATERIAL DE SC RIPTIO N' 

81- 3- 7-9 CAST 
THIS DESIGN I S THE PROPERTY or 
\IS DARLEY AND co. - UNAUTHORIZE D 
RF:PRnCJCT ION I ~ p OHIBlT F: O 

SHARP CORNE R - NO BURRS 

R, IOS 

IN CH I o .... -.c..c 'AtlA O II:l'. OLD PAR T NO 

[MILLIMETER) $E1-
MAT ERIA.L NO. PATTERN NO. 

BRASS 
44 16798 G6 20 

ALL DIMENSIONS IN 
INCHES u,~l ESS NOTE D DO NO T SCALE PRI NT 

~--+-- C.860) 

SHEET 

8/4/08 III A 

EXCE PT 1< ' AS NO TED 

0' >OJ JET - PRIMER, ,157 , 70 DEG 
.000 .t 0]0 PIOO A.-.Gl[S tl' 

R'N MN DATE 313/ 10 
Jl1 HKD reD 

II I RCD SCALE 
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Appendix B: Test Data 
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Pilot Testing: 

eSA engine 
date humidity barometer throat eSA jet eSA RATIO reading hot? 

2-Jul 29.62 T5 0.043 J3 0.0145 2.97 19.5 Y 
2-Jul 29.62 T5 0.043 J1 0.0287 1.50 16.5 Y 
2-Jul 29.62 T5 0.043 J2 0.0491 0.88 8 Y 

-----2~-J~u-1 -------------2-9.-62--------T5------0 .-04-3~1IIIIIII---0-.-00-8-7------4~. 9~4------2-.-5-----Y----

2-Jul 29.62 T1 0.062 J3 0.0145 4.28 19 Y 
2-Jul 29.62 T1 0.062 J1 0.0287 2.16 18.5 Y 

____ =2~-J~u_1 ____________ ~2~9._62~ ____ ~T~1 ____ ~0.~06~2~ J2 ___ 0~.~04~9~1 ____ ~1=. 2~6 ____ ~1~1 =.2~5 ____ ~Y __ __ 
_____ 2_-J~u_1 _____________ 2_9._62 ________ T_1 _____ 0 ._06_2~1IIIIIII ___ 0_. _00~8_7 ______ 7~.1_3 ______ ~0 _____ Y __ __ 

2-Jul 29.62 T2 0.1012 J3 0.0145 6.98 1.5 Y 
2-Jul 29.62 T2 0.1012 J1 0.0287 3.53 16 Y 
2-Jul 29.62 T2 0.1012 J2 0.0491 2.06 12 Y 
2-Jul 29.62 T2 0.1012 J3 0.0145 6.98 0 Y 
2-Jul 29.62 T4 0.0184 J3 0.0145 1.27 12.25 Y 
2-Jul 29.62 T4 0.0184 J 1 0.0287 0.64 9 Y 

____ =2~-J~u~1 ____________ =2~9 .~62~ ____ ~T4~ __ =0=.0~1 ~84~ J2 ___ 0~.~04~9~1 ____ _=0~.3~7 ______ ~5 ____ ~Y __ __ 
____ =2~-J~u_1 ____________ =2~9._62~ ____ ~T4~ __ ~0~.0~1 ~84~1IIIIIII ___ 0~. ~00~8~7 ____ _=2~. 1~1 ____ ~19=.~5 ____ ~Y __ __ 

2-Jul 29.62 T1 0.0409 J3 0.0145 2.82 17 N 
-----2--J-'-u-1 -------------2-9.-62--------T 4----~0-. 0-1-84-1IIIIIII---0-.-00"-8-7---------2~.1..c.:.1 ------18-.-5-----N----

2-Jul 29.62 T3 0.043 J1 0.0287 1.50 19 N 
2-Jul 29.62 T3 0.043 J3 0.0145 2.97 19.5 N 

* The following values represent versions of throat T5 and J3 with a control test of the original each day for comparison : 
eSA engine 

date humidity barometer throat eSA jet eSA RATIO reading hot? 
3-Jul 30.05 0.16 0.0201 J3 0.0145 1.39 19.25 Y 
3-Ju! 30.05 0.125 0.0123 J3 0.0145 0.85 12.5 Y 
8-Jul 29.7 0.215 0.043 0.215 0.0363 1.18 19 Y 
8-Ju! 29.7 T3 0.043 J3 0.0145 2.97 17.5 Y 
9-Ju! 14% 29.9 T3 0.043 J3 0.0145 2.97 17.5 Y 
9-Ju! 14% 29.9 0.246 0.043 0.246 0.0475 0.91 16.5 Y 
9-Ju! 14% 29.9 0.218 0.043 0.218 0.0373 1.15 19.5 Y 
9-Jul 27% 29.9 T5 0.043 J3 0.0145 2.97 17 Y 
9-Jul 27% 29.9 0.246 0.043 0.246 0.0475 0.91 15.5 Y 
9-Jul 27% 29.9 0.218 0.043 0.218 0.0373 1.15 20 Y 

10-Ju! 42% 29.9 T3 0.043 J3 0.0145 2.97 16 Y 
10-Ju! 42% 29.9 0.218 0.043 0.218 0.0373 1.15 19.5 Y 
10-Ju! 42% 29.9 0.246 0.043 0.246 0.0475 0.91 15.5 Y 
10-Ju! 50% 29.85 T3 0.043 J3 0.0145 2.97 15.5 Y 
10-Ju! 50% 29.85 T3 0.043 J3 0.0145 2.97 16 Y 
10-Ju! 50% 29.85 T3 0.043 J3 0.0145 2.97 17.5 Y 
10-Ju! 52% 29.85 0.218 0.0373 J3 0.043 0.87 19.2 Y 
10-Ju! 53% 29.85 0.218 0.0373 J5 0.043 0.87 19.75 Y 
10-Ju! 54% 29.85 0.218 0.0373 J5 0.043 0.87 20.2 Y 



10-Jul 55% 29.85 0.246 
10-Jul 57% 29.85 0.218 
10-Jul 59% 29.85 T3 
10-Jul 60% 29.85 T3 

date humidity barometer throat 
10-Jul 70% 29.8 T3 
10-Jul 71 % 29.8 T3 
10-Jul 73% 29.8 T3 
10-Jul 77% 29.8 0.218 
10-Jul 79% 29.8 0.218 
10-Jul 79% 29.8 0.218 
10-Jul 80% 29.8 0.246 
10-Jul 80% 29.8 0.246 
10-Jul 81% 29.8 0.246 
10-Jul 85% 29.8 0.218 
10-Jul 86% 29.8 T3 
10-Jul 87% 29.8 T3 
14-Jul 7% 0.218 
14-Jul 7% 0.246 

0.218 

14-Jul 0.218 
14-Jul 7% 0.246 
15-Jul 28% T3 
15-Jul 28% T4 
15-Jul 28% T2 
15-Jul 28% T1 

date humidity barometer throat 
23-Jul T1 
23-Jul 
23-Jul 
23-Jul 
23-Jul 
23-Jul 
23-Jul 

Does not bog down 
23-Jul engine 
23-Jul 

T1 
T1 

0.218 
0.218 
0.218 
0.246 

0.246 
0.246 

0.0475 J5 
0.0373 J5 

0.043 J3 
0.043 J3 

CSA jet 
0.043 J3 
0.043 J3 
0.043 J3 
0.043 0.218 
0.043 0.218 
0.043 0.218 
0.043 0.246 
0.043 0.246 
0.043 0.246 
0.043 0.218 
0.043 J3 
0.043 J3 

0.0373 J3 
0.0475 J3 
0.0373 J1 

0.0373 J2 
0.0475 J2 

0.043 J2 
0.0184 J2 
0.1012 J2 
0.0409 J2 

jet 
0.062 0.16 
0.062 0.15 
0.062 0.17 

0.0373 0.16 
0.0373 0.15 
0.0373 0.17 
0.0475 0.16 

0.0475 0.15 
0.0475 0.17 

0.043 
0.043 

0.0145 
0.0145 

CSA 
0.0145 
0.0145 
0.0145 
0.0373 
0.0373 
0.0373 
0.0475 
0.0475 
0.0475 
0.0373 
0.0145 
0.0145 
0.0145 
0.0145 
0.0287 

0.0491 
0.0491 
0.0491 
0.0491 
0.0491 
0.0491 

0.0201 
0.0177 
0.0227 
0.0201 
0.0177 
0.0227 
0.0201 

0.0177 
0.0227 
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1.10 16 y 

0.87 20.3 y 

2.97 18 y 

2.97 17.5 Y 
engine CSA 

RATIO reading hot? 
2.97 17.5 Y 
2.97 17.75 Y 
2.97 17.5 Y 
1.15 19.5 Y 
1.15 20 Y 
1.15 20.2 Y 
0.91 16 Y 
0.91 16 Y 
0.91 14.5 Y 
1.15 19.5 Y 
2.97 17.5 Y 
2.97 17 Y 
2.57 21.5/19.5 Y 
3.28 15.5 Y 
1.30 6.5/7.0 Y 

0.76 o Y 
0.97 o Y 
0.88 o Y 
0.37 o Y 
2.06 14.5/15 Y 
0.83 17/17.25 Y 

engine 
reading hot? 

3.08 18.75 Y 
3.50 18 Y 
2.73 19.75 Y 
1.86 16 Y 
2.11 19 Y 
1.64 15 Y 
2.36 19.5 Y 

2.68 20.5 Y 
2.09 19 Y 



CSA 
date humidity barometer throat jet Ratio 

8/13/2008 0.146 0.0167 0.157 0.0194 0.86 
8/13/2008 0.157 0.0194 0.157 0.0194 1.00 
8/13/2008 0.167 0.0219 0.157 0.0194 1.13 
8/13/2008 0.177 0.0246 0.157 0.0194 1.27 
8/13/2008 0.187 0.0275 0.157 0.0194 1.42 
8/13/2008 0.197 0.0305 0.157 0.0194 1.57 
8/13/2008 0.207 0.0337 0.157 0.0194 1.74 
8/13/2008 0.217 0.037 0.157 0.0194 1.91 
8/13/2008 0.227 0.0405 0.157 0.0194 2.09 
8/13/2008 0.237 0.0441 0.157 0.0194 2.27 

Does not bog down 
8/13/2008 engine 0.247 0.0479 0.1 57 0.0194 2.47 
8/13/2008 0.257 0.0519 0.157 0.0194 2.68 
8/13/2008 0.267 0.056 0157 0.0194 2.89 

Testing 7/2/08 10 hp Yanmar 

* Variations of T3 jet and J3 Jet with changes only to the eSA of the constriction 

Throat (number or dia of Con.) 

Barometer: 7/3 : 29.85 
Temp: 7/3 : 82 F 

T3 
0.16 

0.125 
0.215 
0.246 
0.218 
0.218 

T3 

Throat (number or dia of Con.) 

T3 
T1 
T1 
T1 

0.218 
0.218 
0.218 
0.246 
0.246 
0.246 

Jet (number or dia of Con.) 
J3 
J3 
J3 

0.215 
0.246 
0.218 

J3 
0.246 

Testing 7/3/08 10 hp Yanmar 

Jet (number or dia of Con.) 

J3 
0.16 
0.15 
0.17 
0.16 
0.15 
0.17 
0.16 
0.15 
0.17 

In Hg 

In Hg 
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engine 
reading hot? 

0 Y 
1 Y 

3.5 Y 
14 Y 
16 Y 
16 Y 
18 Y 

19.25 Y 
20 Y 

20.25 Y 

22 Y 
21 Y 

19.75 Y 

19.5 
19.25 

12.5 
19 

16.5 
19.5 
20.2 

16 

19.5 
18.75 

18 
19.75 

16 
19 
15 

19.5 
20.5 

19 
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Testing 8/13/08 10 hp Yanmar 

Barometer: 7/8: 29.8 
Temp: 7/8: 86 F 

Throat (number or dia of Con.) Jet (number or dia of Con.) In Hg 

T3 J3 19.5 
0.146 0.157 0 
0.157 0.157 
0.167 0.157 3.5 
0.177 0.157 14 
0.187 0.157 16 
0.197 0.157 16 
0.207 0.157 18 
0.217 0.157 19.25 
0.227 0.157 20 
0.237 0.157 20.25 
0.247 0.157 22 
0.257 0.157 21 
0.267 0.157 19.75 

Test Results for Research (Beyond Initial Pilot Study) 

Testing 9/1/09-9/2/09 10 hp Yanmar 

Barometer: 9/1: 30.35; 9/2: 30.34 
Temp: 9/1: 55 F; 9/2: 74 F Jet 

Throat J5 J7 J8 J9 J10 

T5 19 19 19 18.75 19 

T6 18 18.5 18 18 18 

T7 19.5 20 19.25 20 20 

T8 19.25 21 17.5 20.5 20 

T9 18.5 19.5 18.75 19.5 19 

Testing 2/11/10 with Air Hose 

Barometer: Inlet Pressure/ Vacuum Reading 
Temp: Jet 

Throat J5 J7 J8 J9 J10 
T5 50.3/23.75 20.1/21 22.8/19.75 16.8/16.25 20.5/18.5 
T6 47.4/21 19.9/ 18 22.9/18 17.7/15.5 18.3/18.5 
T7 47.8/21 20.5/20.5 21.7/19.5 17.8/15.75 19.8/19.5 
T8 46.3/20.5 21.1/22 21.3/19 16.9/16 22/21 
T9 54.2/21 26.3/21 26.9/18.5 19.9/16 28.8/21.2 
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Appendix C: Graphical Analysis 
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eSA Ratio vs In Hg (All Tests) 
y = -1.0377x2 + 5.738x + 8.3663 
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