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Fuel Systems Introduction



1 Introduction Please note: This brochure is intended only for qualiﬁed personnel.



Qualiﬁed personnel are persons who have, based on their specialist training, experience and instruction, sufﬁcient knowledge of



- safety regulations, - accident prevention regulations and - guidelines and accepted rules of technology (such as standards).



special applications this is often not the case. In such cases, the user puts the system together according to his needs and knowledge. In all cases the fuel pump along with the reserve fuel container (tank) is the key component of a fuel system. Pierburg offers a series of all-purpose pumps and components. In the course of our technical consultation and from questions from customers, we ﬁnd time and again that there are often questions related to the various systems or that avoidable



problems arise due to mistakes during installation. In this brochure we offer a multitude of information and hints to help you achieve optimal results and avoid errors.



1.1 Preface Typically gasoline (petrol) or diesel fuel is required for the operation of combustion engines. In addition to that, fuels are also used for heat generation, as is the case with heating oil. The fuels must be stored, transported, transferred and supplied to the motor or heating system. The components used to accomplish this are referred to in general as “fuel systems”. For mass production vehicles these systems as well as the corresponding components are developed and tested for specialized applications. For small series or



Please note: Information regarding fuel systems for injection engines can be found in our brochure “Service Tips & Info - Fuel Supply for Injection Engines”



1.2 Pictograms and symbols The following pictograms and symbols are used in this information brochure:



Notes regarding environmental protection.
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Indicates useful suggestions, explanations and supplemental information for use.



Indicates hazardous situations with possible injury to persons or damage to vehicle components. ➔



Cross reference to another part of the document.
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1.3 Explanation of terms The table below lists terms and abbreviations, used in conjunction with fuel systems.



Abbreviation ACF



Term Activated carbon ﬁlter



Deﬁnition Absorber for hydrocarbons in the tank ventilation system.



ACF valve



Activated carbon ﬁlter regeneration valve



Valve for controlled emptying of the ACF (“regeneration”)



COV / ECOV



Cut-off valve



(Electric) fuel cut-off valve



DCOV



Diaphragm cut-off valve



Diaphragm cut-off valve for fuel



DV



Diaphragm valve



Diaphragm valve for pressure reduction



E1F



Inline vane pump



All-purpose pumps, for details on the series see ➔ technical data



E1S



Periphery pump



In-tank bypass channel pump, for details see ➔ technical data



E3L



Screw pump



In-line high performance pump, for details see ➔ technical data



EFP



Electric fuel pump



Fuel pump with an electric drive



FVS



Fuel vapor separator



A volume with a ﬁxed or variable return, in which vapor is returned and the fuel is degassed



Inline



In-line pump



Pump in the process path



Intank



In-tank pump



Pump for installation in the tank



MFP



Mechanical fuel pump



Fuel pump with cam drive using a lever or plunger



NRV



Non-return valve



For installation in the feed and return lines. Prevents lines from running empty



PRV



Pressure relief valve



Diaphragm valve for limiting pressure



1.4 General notes - All ﬁgure and schematics in this document are for purposes of general visualization. Speciﬁc details may differ from the current designs available.



- We reserve the right to make technical changes as part of further development without changing this brochure.



- For changes related to classiﬁcation and replacement of the speciﬁed article numbers, see ➔ the current catalog, TecDoc CD or system using TecDoc data.



The materials used are selected to work with fuels that meet the current European standards for fuels. Other applications or other pumping media require additional, application-



speciﬁc testing, without which we assume no liability.



1.5 Product liability The products described in this brochure are designed, manufactured and tested especially for use in commercial and passenger vehicles.
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1.6 General notes on safety • For safety reasons, disassembly and installation of electric fuel pumps should only be carried out by a qualiﬁed workshop. • Personnel responsible for reﬁtting must read and understand this brochure before beginning the work, especially the parts pertaining to the subject of safety. • The applicable country-speciﬁc legal provisions and relevant safety regulations must also be complied with. • Safety equipment is not to be disabled or bypassed.



-



Follow the safety guidelines for the working with fuel and fuel vapors. Fuel and fuel vapors are highly ﬂammable. smoking, open ﬂame, exposed lights and spark-producing actions are strictly forbidden.



There must be sufﬁcient ventilation in the work area. • Use only fuel lines which meet the current applicable regulations. • After work on fuel tanks, test to be sure that they are free from leaks. • When working on the fuel system, the instructions from the vehicle manufacturer must be followed at all times • Use only the appropriate tools for reﬁtting work. • Before beginning work, allow any hot components in the engine to cool down. • Remove all packing material, fastenings and seals for transport, such as plugs, from the new fuel pumps only when they are ready to be installed. • Install only clean parts. • Keep the work area clean in order to ensure that no contamination gets into the fuel system.



In addition, all country-speciﬁc safety regulations must be followed. Please note that the operating permit for the vehicle may be voided if changes are made which - change the vehicle type approved in the operating permit, - may lead to the endangerment of road users or - degrade the exhaust or noise characteristics. In case of individual changes contrary to the applicable regulations, the operating permit must be renewed after obtaining a certiﬁed evaluation from a qualiﬁed technical expert, which should be included in the vehicle‘s documentation.



Use personal safety equipment as needed or required by law. Dispose of lubricants, cleaning agents and wastes in an environmentally appropriate manner.
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2 Most Common Fuel Systems Fuel systems are built in various ways for different applications. Figures 1 to 3 show the design of fuel systems for the most common automotive applications.



carburetor



In addition to these applications, there are many application scenarios which require a very different design and selection of parts. Details of these are described in Chapter 4, “Common Applications”.



mechanical fuel pump fuel tank



Figure 1



Fuel system of a carburetor engine (until about 1976)



pressure regulationg valve fuel vapor separator carburetor



non-return valve mechanical fuel pump fuel tank



Figure 2



Design of a fuel system with expanded features (about 1976 to 1992)



fuel ﬁlter



pulsation damper fuel pressure regulator fuell distributor



electric fuel pump (in-line)



activated carbon ﬁlter regeneration valve



non-return valve



activated carbon ﬁlter



pre-feeder pump (in tank)



fuel tank



Figure 3
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Fuel system for an injection engine (after about 1985)
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3 Components Components for fuel systems are described below.



3.1 Overview In addition to the electric fuel pump (EFP) as the primary component, there are additional components which improve the safety and function of the engine fuel supply. In certain cases, for example, they can eliminate hot start problems. Which components are to be used where depends on the speciﬁc application. For further details, see Chapter 4, “Common Applications”.



Term



Model/Type



Order No.



Fuel pump



E1F



➔ Table 3.2.1



Fuel pump



E1S



7.21088.62.0



Fuel pump



E3L



7.22782.50.0



Fuel check valve



for 6 mm connection



7.20469.51.0



Fuel check valve



for 8 mm connection



7.20234.52.0



Fuel cut-off valve



electric



7.22386.50.0



Fuel vapor seperator



Plastic, variable return



4.05284.50.0



Fuel vapor seperator



Metal, variable return



4.07303.12.0



Fuel vapor seperator



Metal, ﬁxed return



7.20925.51.0



Fuel vapor seperator



Metal with pressure regulator, variable return



Pressure relief valve



without return



7.20726.50.0 *



Pressure relief valve



with return Ø 1.1 mm



7.20726.51.0 *



Pressure relief valve



with return Ø 0.4 mm



7.20726.52.0 *



7.21182.50.0



* No longer available! For supply sources, ssee also ➔ Chapter 10



3.2 Electric all-purpose fuel pumps (EFP) Depending on the application, fuel pumps with different pump mechanisms and drives are used. Pierburg offers three electric all-purpose pumps (types E1F, E1S and E3L) with different pump mechanisms for the various applications. These pumps have proven themselves as the solution in many cases.
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They have found use, for example - as replacements for mechanical fuel pumps if the original pump part is no longer available. - as a temporary solution for repairs if a special part is not available. - as a pre-feeder pump for diesel or gasoline engines. - as a backup pump which can be switched as needed (if the main pump fails). - as a transfer or feed pump in transfer systems, auxiliary tanks or heating installations.



Information regarding fuel systems for injection engines can be found in our brochure “Service Tips & Info - Fuel Supply for Injection Engines” (see ➔ Chapter 5).
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3.2.1 Type E1F The most frequently used pump is the E1F, an in-line positive displacement pump with a vane pump mechanism, for system pressures of 0.1 to 1.0 bar and 12 or 24 V operation. This is an all-purpose pump that is placed in the fuel line.



E1F technical data Pierburg No.: rated V



Stat. P at Q = 0 l/h



Flow Rate



[bar]



[l/h]



[bar]



A



B



C



D



E



[A]



Max. Suction Head [mm]



0.27–0.38



95



0.10



Ø 38



133.5



84.5



Ø8



Ø8



M 2.00



500 500



Curve



7.21440.51.0 1



Maximum suction head: 500 mm (with filled lines). For 6 volt operation (such as with vintage cars) we recommend the E1F no. 7.21440.53.0. When operating at 6 volts, the pressure and flow rate are reduced to about half.



System Pressure



Installation or Connection Dim. (see ➔ Figure 4)



Current Draw



at 12



7.21440.53.0 2



12*



0.44–0.57



100



0.15



Ø 38



133.5



84.5



Ø8



Ø8



M 2.05



7.21440.63.0 2



24



0.44–0.57



100



0.15



Ø 38



134.2



84.5



Ø8



Ø8



M 1.35



500



7.21440.78.0 3



12



> 1.85



95



1.00



Ø 38



141.5



91.0



Ø 12



Ø8



M 4.30



500



7.21440.68.0 3



24



> 1.85



95



1.00



Ø 38



139.5



90.5



Ø8



Ø8



M 3.00



500



)



* also suited for 6 V operation



E 4.8



120



I (12 V)



Q [l/h]



B



2.4



60



I (24 V)



I [A]



3.6



90



C 1.2



30



1



2



3 0



0



D A



0 0



0.2



0.4 5



0.6



0.8 10



1.0 15



1.2



1.4 20



1.6



1.8



2.0



p [bar] p [psi]



25



Q = ﬂow rate; p = pump pressure; I = current input



Figure 4



Electric fuel pump, type E1F, dimensions and characteristic curves
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3.2.2 Type E1S For installation in a fuel tank, there is the 12 volt version of the E1S, a ﬂow pump with a side channel pump mechanism. This pump is preferably used as a pre-feeder pump (up to approx. 220 l/h). E1S technical data Pierburg No.: Rated voltage



Maximum suction head: 0 mm The pump must be placed in the medium to be pumped.



Stat. P at Q=0 l/h



Flow Rate



System Pressure



Installation or Connection Dim. (see ➔ Figure 5)



Current Draw



[V]



[bar]



[l/h]



[bar]



A



B



C



D



E



[A]



Max. Suction Head [mm]



12



–



75



0.24



Ø 38



100



75.3



Ø 9.5



Ø 19



2.00



0



at 7.21088.62.0



A



4



400



D



C



3



Q I



200



2



1



100



E



0



0 0



Ø 54.5



I [A]



B



Q [l/h]



300



0.1



0



1



0.2 2



0.3 3



4



0.4 5



p [bar] p [psi]



Q = ﬂow rate; p = pump pressure; I = current input



Figure 5



Electric fuel pump, type E1S, dimensions and characteristic curve (including preﬁlter)



3.2.2.1 Comments on pre-feeder pumps A pressure differential arises between the fuel tank and the intake side of in-line fuel pumps. It is dependent on - the “free cross section” (internal diameter) of the intake line, - the viscosity of the medium to be pumped and - the ﬂow rate.



cause vapor bubbles to form, leading to malfunctions. Wear and tear and damage to the pump can result. Pre-feeder pumps (such as type E1S, see ➔ section 3.2.2) are used in order to avoid this. Pumps of type E1S can be used as a pre-feeder pump for up to a ﬂow rate of 220 l/h.



As a result of this pressure differential, the vacuum which occurs may



Pre-feeder pumps deliver the medium to the main pump at lower pressure.
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This prevents a vacuum from occurring on the intake side of the main pump. Flow pumps are the typical choice for pre-feeder pumps. They are not selfpriming and must therefore be placed in the tank. Installation example, see ➔ section 4.6
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3.2.3 Type E3L



E3L technical data Pierburg No. Rated Stat. P voltage at Q=0 l/h



It is suited for system pressures up to 4 bar and has an output of up to 280 l/h (depending on pressure) with a current consumption of 8 A (for 12 V operation).



[Volt]



[bar]



Flow Rate at [l/h]



12



–



280–120



7.22782.50.0



A



B C



Q [l/h]



D



System Pressure



- 4.00



[bar]



Maximum suction head: 500 mm (with ﬁlled lines).



Installation or Connection Dim. (See ➔ Fig. 6) A



B



Ø 43.5 199.5



Current Draw



C



D



E



[A]



Max. Suction Head [mm]



156



Ø9



Ø9



8.00



500



360



18



320



16



280



14



240



12



200



10



Q



160



I [A]



The E3L pump is an in-line pump with a screw pump mechanism. This pump is particularly efﬁcient, quiet and uses comparatively little power even at high pressures.



8



120



6



I 80



4



40



2



Ø 54.5 0



E



0 7



8



9



10



11



12



13



14



15



16



U [V] Q = ﬂow ratee; U = voltage; I = current input



Figure 6



Electric fuel pump, type E3L, dimensions and characteristic curves (at 1.8 bar, 20°C)
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3.2.4 Accessories for pumps The following accessories facilitate installation of the pumps or improve their operational reliability. Designation



Modell/Type/Comment



Fixing clamp for E1F



included with the pump delivery



Figure 7



(no spare part)



Order No.



Suspension



sound-proof



8



4.05303.50.0 4.07414.87.0



Rocker element



Package unit, 10 piece



9



Reducing piece



Ø 8 mm to 6 mm, package unit, 10 piece



10



4.07414.86.0



Safety shut-off



for E1F



11



4.05288.50.0



Ø



Ø 61.5



57



38



Ø 6.7 10



Figure 7



Fixing clamp (included with the E1F order)



Figure 8



Suspension, sound-proof (4.05303.50.0)



8 mm



Ø 22



15



M6



35



Figure 9



Rocker element (4.07414.87.0)



6 mm



Figure 10 Reducing piece (4.07414.86.0)



See also our ➔ catalog “Tools and Testing Instruments”



12 | Fuel Systems



MSI Motor Service International



Fuel Systems Components



3.2.5 Safety shut-off (12 V operation) When installing an electric fuel pump instead of a mechanical one, for safety reasons we recommend in all cases the installation of a safety shut-off.



The safety shut-off can only be used in vehicles with - a 12 volt battery and - grounding of the negative battery contact to the vehicle body.



The safety shut-off switches off the electric fuel pump if the engine of the vehicle stops and the ignition remains on (e.g. the motor died or there has been an accident).



Pierburg offers a safety shut-off kit for 12 V operation. Order No.: 4.05288.50.0



ignition coll



ignition distributor 4



15



1



1



to terminal 15 (12V) red black green



relay



12 V brown brown



Figure 11 Safety shut-off (parts included)



fuse holder with 2A fuse



electric fuel pump



Figure 12 Safety shut-off (wiring diagram)



Pin assignment (see ➔ Figure 13) 1



2



3 5 6



4 7



8



9



Pin



Cable



Terminal on Relay



No.



Color



No.



2



red



30



4



black



31b



5



brown



31



6



red



15



8



green



87



Figure 13 Safety shut-off (pin assignment relais base)



For additional information such as installation, connection and functional testing, see ➔ “Service Information SI 0016/A”
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3.3 Non-return valve (NRV) Non-return valves are used in various parts of fuel systems.



Ø7



Ø 18



Ø6



Ø6



Ø8



• NRV in both supply lines For multiple pumps, regardless of whether they have a parallel or separate power supply, in order to avoid uncontrolled supply circulation.
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61.5



2.5 2.5



Ø4



20



Ø8



4



20



62



Application examples for non-return valves (For further details, see ➔ Chapter 5) • NRV in the supply line They prevent line voids not only for carburetor engines, but for injection and diesel engines as well. The installation (between the tank and pump, near the tank), also as a retroﬁt, reduces starting problems, because the engine fuel lines are already ﬁlled when the engine starts.



20



20



Ø 18



2.5



4



For additional information and details, see ➔ “Service Information SI 0044”



Ø9



2.5



Ø4



Ø6



Ø6 Ø7



Ø9



Figure 14 Non-return valve, 6 mm (7.20469.51.0)



Figure 15 Non-return valve, 8 mm (7.20234.52.0)



• NRV in the return line - Used as a safety valve near the tank in order to prevent it from draining if a line ruptures. - Used near the carburetor or before the fuel vapor separator, to avoid ﬂooding the ﬂoat chamber from the return line if the vehicle tilts sharply.



• NRV in the intake line For diesel engines, an auxiliary tank or transfer system, the NRV prevents emptying of the intake line. In some cases another NRV must be placed on the tank end of the fuel line.
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3.4 Fuel cut-off valve (COV/ECOV) Fuel cut-off valves are used in the supply line.



Depending on the control, they are used as follows: - Drain locks to prevent fuel running out when the motor is turned off. - Safety shut-offs - Anti-theft devices



There are two valves available currently:



Ø8



Ø8



Connection 1



Connection 2



Technical data Rated voltage Pull-in voltage Connections Flow rate at 0.3 bar Length



12 [V] 8 [V] 2, Ø 8 [mm] 























des documents recommandant













Fuel, fuel systems a 

high, vapor locks can form in the fuel lines. ... lowing water to condense in the tanks. ... As the fuel air ratio is increased, it ... only for combustion, but also for cool-.










 








Fuel and fuel systems 

combustion and to help in starting the engine. If the vaporization rate is too high, vapor locks can form in the fuel lines. AVGAS needs to be free of any com-.










 








FUEL SYSTEMS 

Fuel is drawn from the boat fuel tank through a water ...... This step identifies if the relay is functioning prop- ...... 4. Proper size and pitch propeller for application.










 








FUEL SYSTEMS 

DESCRIPTION. Lb. In. Lb. Ft. Nâ‹…m. Fuel Pump Bracket to Cylinder Head. 25. 34. Fuel Lines. 18 ... Make sure that no fuel leaks exist before closing engine hatch.










 








FUEL SYSTEMS 

DO NOT smoke or allow sources of spark or flame in the area while ... being supplied to seawater pickup pump, or ... Fuel pickup should be at least 1 in. (25 mm) ...










 








FUEL SYSTEMS 

As a bulb and system check, the lamp will come ON with the key on ...... REPEATEDLY TOUCH TEST LIGHT TO KNOCK SENSOR HARNESS. CONNECTOR ...










 








Evans Cooling Systems Reference and Instructions - Contrails 

A common misconception that EVANS â€œWaterlessâ€� Cooling System will ... However, whenever operating an engine at high coolant temperatures the oil ... cold weather applications or computer controlled engines install a Evans ... For safety reasons a










 








Fuel Systems For Homebuilt Airplanes 

horizontal (because of water droplet precipitation), with .... Water droplets on the floor of a gas tank ... ment, control or direction of any such event. April 25-26 ...










 








Fuel Systems for Homebuilt Aircraft 

should address these considerations. Fuel Tanksâ€”Know .... air flow's direction smoothly. Use a plenum, horn .... water droplets and foreign in the tanks to move ...










 








VRLA - Contrails 

set to the higher side for controlling overdischarge. For larger ... Discharge cut-off v oltage (6V battery). 5.4. 5.2. 5.0. 4.8. 4.6. 4.4. 4.2. 4.0. 10.8. 10.4. 10.0. 9.6.










 








Aircraft Fuel Systems Prelims.p65 - Marv Golden 

content than gasoline. Inhibitors may be added to reduce corrosion and oxidation. Anti-icing addi- tives are also being blended to prevent fuel icing. a. Volatility.










 








Aircraft Fuel Systems Prelims.p65 - Marv Golden 

Pump-feed Systems. Low-wing airplanes cannot use gravity to feed the fuel to the carburetor, and these airplanes use a fuel system similar to that in figure 6-5.










 








Service Information Letter - Fuel Systems - Precision Airmotive 

Sep 1, 2004 - contamination in the air section of servo regulators. ... E. INSPECTION INSTRUCTIONS: 1. Remove intake duct or airbox in order to gain access ...










 








Fuel Systems For Homebuilt Airplanes - Size 

gonomic practices, fuel selector valves being the most prominent. It is abso- lutely amazing ... which is such a good "teapot" for boiling fuel. When the .... sump drains they become unneces- sary, or at best .... 1 watt). This resistor limits the po










 








Liasse fiscale TI AUTOMOTIVE FUEL SYSTEMS SAS 

BG. Autres immobilisations financiÃ¨res *. BH. BI. MatiÃ¨res premiÃ¨res, approvisionnements. BL. BM. En cours de production de biens. BN. BO. En cours de ...










 








Service Information Letter - Fuel Systems - Precision Airmotive 

Sep 1, 2004 - bottom of the sump). ... ACCOMPLISH INSTRUCTIONS: Operators experiencing hard starting, ... airframe or engine maintenance manual. ... Insert the end of the venturi opposite the four impact tubes into the main body assembly. Align the t










 








Fuel Economy - airbus A320 systems quiz 

Oct 4, 2004 - Altitude / ft. Net Thrust Difference to MCL %. Derated Climb 1. Derated Climb 2. However this derate will result in more fuel and time required to ...










 








Fuel Systems for Homebuilt Aircraft - Size 

are attributed to carburetor ice. The solution to this problem is a fuel re- ..... the CAFE Foundation Research Mooney M20E. header tank because it vibratesâ€”.










 








2002 ... - Contrails 

13.4.8.1) Wiring diagram for ignition system("Single Plug") ...................... 65. 13.4.8.2) Wiring .... 14.1.2) Electric starter single parts check . ...... fig. 019/1. REPARATURWERKZEUGE FÃœR MOTOR ...... The jet needle controls the fuel consum










 








Untitled - Contrails 

STARTER. CONTACTOR. LOLAWG -. AWG. AWG. 4WG. > MAIN FUEL PUMP. MAN BATTERY. 22AWG. 22AKO al PNL. PNL. -12AWG. CASE. GROUND. SOL.
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Fiberfrax Bulk Fiber insulation ... 2. Fiberfrax Blankets. Fiberfrax Durablanket high temperature insulation ... Fiberfrax Foamfrax Grade II Bulk Fiber MSDS.
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E EI EJ ELE II I III IEIET ET ETETET E TETET ET EFFET ET ETETE E TE TITETET .... A1. A4. ER EB = A2 a N GA 0 + w N - N. PESO 322 o un N O - Un A w NB N â€“ .... Refer to Transponder Manufacturer Installation Manual for Actual Installation.
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A Company of Kolbenschmidt Pierburg AG - ... engine. 1 Tank. 2 Mechanical fuel pump. 3 Check valves (2). 4 Fuel vapour separator ... Long starting times after.
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Process Control. Figure 1. .... FRAME. P1. P2. DIE BOND. DIE. DIFFERENTIAL PRESSURE (kPa). 5.0. 4.0. 3.0. 2.0. 0 .... CONTROLLING DIMENSION: INCH. 3.
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