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 DEVICE FOR VAPOR CONDENSATION REDUCING IN СRANKCASE oF INTERNAL COMBUSTION ENGINE.

The invention relates to engineering industry and may be used in motor industry.

A crankcase ventilation system of internal combustion engine serves for removal of blow-by gases, that enter  crankcase through piston rings when the engine runs (Crankcase ventilation system, Wikipedia) . Crankcase gases removing is necessary not only for normal pressure providing in  crankcase, but also for removal of combustion products negatively influencing to metal parts and oil . The crankcase gases under running temperature of crankcase (near 1000C) is a mix of combustion gases, water vapor, unburned fuel fragments and small  quantity of by-products of fuel and oil combustion and thermal decomposition . 
Two types of crankcase ventilation system are known : open and closed. In the open system  crankcase gases are discharged directly to the atmosphere, in closed – are ducted into the engine inlet manifold  for  afterburning with fresh air-fuel batch. Now, the closed systems are preferable, because the open systems pollute  environment with harmful substances. The channel for crankcase gases supply into the engine inlet manifold (so called "breather tube") , involves the pipe equipped with an crankcase ventilation valve (so called "PCV valve" ) and with an oil catcher . The crankcase ventilation valve is opened by differential pressure between  the crankcase and the engine inlet manifold, and passes  crankcase gases  through the channel  into the engine inlet manifold. At the same time oil particles, contained in crankcase gases, are removed by the oil catcher.
When a running engine is warmed-up (the crankcase gases temperature is 100-1100С), water and unburned fuel in crankcase gases  is in gas phase.
When the engine stops, crankcase ventilation ends and the engine begins to cool-down. When the crankcase temperature falls to the dew point temperature (for water or fuel), vapors begin to condense in the crankcase on  wall and oil surfaces .
During engine cold start and warming-up ,  hot gases brake through piston rings into the cold crankcase, where quickly cools-down in contact with the cold gases and oil, and vapors begin to condense. Condensation continues until the temperature in  crankcase doesn't run up to the dew point temperature of crankcase gases, upper that condensation is impossible. 
Fuel condensate thins  the oil, and water forms with the oil  an emulsion, when the engine runs. The both make worse oil properties and lead to increase the engine wear-and-tear.  No less than 25% of wear and tear is considered to be in time of engine start and warming-up.  It is especially actual in the countries with cold climate. More over, oil properties  are quickly worse owing to additives hydrolysis under the running crankcase temperature (about 1000C) in water presence (Колунин А.В. "Влияние низких температур окружающей среды на периодичность технического обслуживания силовых установок дорожных и строительных машин", дисс., Омск, 2006).The problem of vapors condensation in the engine internal combustion crankcase increases even greater when the engine  runs   in so called "short trips" regime, when the cycle of cooling – warming-up  is frequently repeated, at that  without accomplished  engine warming-up, being accompanied every time by vapors condensation , that leads to accumulation of water and fuel in the oil. 
 Several methods to reduce  condensation in the crankcase of an internal combustion engine are known. This is a  heated garage, the warmed by water from engine cooling system crankcase ( pat. 20070245983US ), the engine pre-start crankcase warming by hot air  (pat.. 5196673 US), the electrical heating of  crankcase  ( pat. 5017758US ), the oil recycling system through a heater and the engine  oil system on a parking place  ( pat. 4245593US ),  oil heating out of an engine and its filling into the crankcase directly before the engine start  (Колунин А.В. "Влияние низких температур окружающей среды на периодичность технического обслуживания силовых установок дорожных и строительных машин", дисс., Омск, 2006). For solving this task  a computer-based system of engine preparing to start  by heating of different parts of one by  individual heaters, driven by a computer on the base  of indicated values temperature, water content in the oil etc. ( appl.No US2009/0283364 ). For prevention of vapors condensation in engine crankcase of sports airplanes after its stop, the method consisting of blowing of crankcase with air, dried by blowing through a  silicagel filling cartridge is known (http://www.aircraftspruce.com/catalog/eppages/engsaver.php , http://www.barkeraircraft.com/files/Engine_Dryer_Sport_Avi.pdf,  pat. 6155213US ). All the methods  are the servicing in point of fact , they are not universal, are laborious and ineffective. 
The most close solution to the proposed one  in mode of functioning and achieved technical result is  known  combined extract and input crankcase ventilation (http://azbukadvs.ru/tehinfo/101-ventiliaciakartera.html). This solution consists in an engine structure permissive to scavenge the crankcase with ambient air. Ambient air enters the crankcase , for example, through the special, equipped with a filter vent, in  filler neck for oil, under action of rarefaction in the crankcase, which is generated by exhaust through the channel  for crankcase gases enter the engine inlet manifold. As  dew point temperature of ambient air is  much lower  dew point temperature of   crankcase gases (accordingly,  water concentration  in ambient air is much lower the concentration in crankcase gases), the latter are deluted with ambient air, producing the mix, having the dew point temperature (and accordingly the water concentration in crankcase gases ) lower the dew point temperature of crankcase gases without such delution, as the result, condensation in the crankcase is reduced. An imperfection of the ventilation system consists in the ventilation  stop at the engine stop, and vapors condense under  engine cooling-down. Also, under  engine  start and warming-up, when the most condensation in crankcase occurs and the most  intense ventilation for gases removing from the crankcase is demanded, one is minimal or absent at all, because the dependence of expulsion  intensity of the crankcase on the engine  promptness is: under slow running the  ventilation is minimal or absent. The main specificity  of the combined extract and input positive crankcase ventilation, determinant a low effectiveness  of vapors condensation reducing  during the engine start and warming-up, is its functional binding with the engine air-fuel system, whose normal running conditions  restrict the admissible ratio of the air flow through  crankcase  to the crankcase gases flux by a value about 1 (Crankcase Ventilation,  Systems Application and Installation Guide, 2009 Caterpillar®, http://blanchardmachinery.com/public/files/docs/PowerAdvisoryLibrary/CatAppInstGuide/Crankcase%20Ventilation.pdf). The restriction of air flow through crankcase relates as to air-fuel mix preparing (gasoline engine), as to  inadmissibility of oil entrain into the inlet manifold, what increases  with the  gases flow through crankcase increasing. The restriction of  air flow through  crankcase makes impossible the required crankcase gases diluting  with ambient air  in engine start and warming time, under low temperature, especially (see example 2). 
Any special device for vapors condensation reducing in the crankcase of an internal combustion engine, closed in construction and achieved technical result enough  to take it for a prototype of the present proposal, is unknown.

The object of present proposal is generation of the device for water and fuel vapor condensation reducing in the crankcase of an internal combustion engine under its stop and cooling, and alike under its start and warming-up.
The technical result, achieved by means of the proposed device,  consists in the water and fuel vapors condensation reducing in the  crankcase of an internal combustion engine under its stop and cooling, and alike under its start and warming-up.

The  technical result is achieved by the proposed device (further "the Device"),  comprising the cooler-trap for cooling of passed through it crankcase gases, condensation from them of mentioned vapors and trapping of their condensate, representing of the cooled by ambient air and flowing for crankcase gases reservoir, connected to the crankcase top  by the enter channel for input of heated crankcase gases and the  channel for output cooled and dried gases into the crankcase, and  arranged at the crankcase of an internal combustion engine.
IN THE DRAWINGS
FIG.1 is the base schematic diagram of the Device; 
FIG.2 is a schematic diagram of the Device, that additionally involves an oil catcher, a channel ventilator  and a condensate evaporator, with the  heat-insulated and heated  channel for input of heated crankcase gases into the  cooler-trap ;
FIG.3 is a schematic diagram of the Device with the channel for input of heated crankcase gases into  cooler-trap, arranged within  cylinder block, and with an additionally comprising  condensate buffer unit;

FIG.4  shows cooling-down graphic charts of  engine ЯМЗ-238 and of the cooler-trap, arranged under  engine jacket,  at the ambient air temperature -200C;
FIG.5 is the schematic diagram of crankcase gases  moving streams through the Device during  engine ЯМЗ-238 cooling-down  after stop;
FIG.6  shows dependence of  stack effect crankcase gases volume flow rate through the Device, on cooling-down time of  engine ЯМЗ-238 under the ambient air temperature  -200С, when the cooler-trap is arranged or under, or out  engine jacket; 
FIG.7  shows the dependence of dew point temperature  on water concentration in crankcase gases; 

FIG.8  shows  real water vapor concentration in crankcase gases shift during several minutes after  engine ЯМЗ-238, equipped with the Device, stops under the ambient air temperature -20 0С, when the cooler-trap is arranged or under, or out  engine jacket;  
FIG.9 shows  real water vapor concentration shifts in crankcase gases of  engine ЯМЗ-238 ,   unequipped and equipped with the Device, that has the cooler-trap under  engine jacket, cooling-down after stop under the ambient air temperature -200С ;
FIG.10 is the scheme of crankcase gases flows during an engine, equipped with the Device, warming-up after start ;

FIG.11 shows  changes of  real water concentration  in crankcase gases of the engine ЯМЗ-238 unequipped with the Device, and changes of water virtual and real concentrations in crankcase gases of the same engine, but  equipped with the Device, under different  circulation ratio of crankcase gases through the Device during the engine warming-up under the ambient air temperature -250С ; 
FIG.12 shows  dependence of  water vapor dew point temperature of crankcase gases  on its circulation ratio through the Device, during  engine ЯМЗ-238 warming-up after start under -250С; 
FIG.13 shows the graphic procedure of determination of the condensate quantity, fallen in the crankcase and in the cooler-trap under different circulation ratios of crankcase gases through the Device, over the engine ЯМЗ-238  warming-up time from -250С up to the crankcase gases dew point temperature, corresponding to the circulation ratio; 
FIG.14 shows  dependence of the condensate quantity, fallen in the crankcase and in the cooler-trap over the engine ЯМЗ-238  warming-up time from -250С up to the crankcase gases dew point temperature, on  the circulation ratio of crankcase gases through the Device;
FIG.15  shows shifts of water concentrations (real and virtual) in crankcase gases during  engine ЯМЗ-238 warming-up from 00С under different circulation ratios of crankcase gases through the Device;
FIG.16  shows shifts of water concentrations (real and virtual) in crankcase gases during  engine ЯМЗ-238 warming-up from +200С under different circulation ratios of crankcase gases through the Device;
FIG.17  shows  dependence of  stack effect crankcase gases volume flow rate through the Device on ambient air temperature, when the temperature within the channel for input of heated crankcase gases into the  cooler-trap is +2000С; 
FIG.18  shows a random dependence of dew point temperature on concentration in crankcase gases of an imaginary substance;
 FIG.19  shows shifts of  imaginary substance concentrations (virtual and real) in crankcase gases under different circulation ratios of crankcase gases through the Device during  engine ЯМЗ-238  warming-up under the ambient air temperature -250С ; 

 FIG.20 shows an example of the real  air cooler-trap scheme; 
FIG.21 shows for the real air cooler-trap (see fig.20) shifts of  real saturated water concentration in crankcase gases during warming-up from -250С of  engine ЯМЗ-238  unequpped with the Device, and "critical" water concentration in crankcase gases after the cooler-trap(see tab.2) for the circulation ratio of crankcase gases through the Device n=32, for  engine ЯМЗ-238, equipped with the Device;

 FIG.22 shows  current values of crankcase gases temperature  after the real (see fig.20) cooler-trap under different circulation ratios  of crankcase gases through the Device,  current value of crankcase  temperature and  current value of "critical" for the circulation ratio n=32 temperature during warming-up  engine  ЯМЗ-238 under the ambient air temperature -250С;
FIG.23 shows current values of water vapor concentration in crankcase gases without the Device and with the Device, involved the real cooler-trap (see fig.20), under the circulation ratio n=32, during warming-up of  engine ЯМЗ-238  under the ambient air temperature -250С. 

Note:  fig.1-3,20 show schematic diagrams of the Device, i.e. scale, proportions and positional relationship of the elements are not kept.
The base schematic diagram of the Device is shown in  fig.1. The dash-dot lines (here and in fig.2,3) show symbolically engine internal combustion elements , which the Device is connected to. It is  crankcase 1, whose  wall  1A  is schematically shown separately,  cylinder block 2,  engine inlet manifold 3,  channel 4 for the crankcase gases KG input from the crankcase 1 into the engine inlet manifold 3. The channel  4 is connected to the crankcase  1 via a crankcase ventilation valve 5 and an oil catcher 6. 
The cooler-trap 7 is connected to the crankcase 1 upper wall 1A by  the  channel 8 for input of heated crankcase gases KG into the  cooler-trap 7, and by the  channel 9 -  for returning of cooled and dried  crankcase gases KGD into the crankcase 1. The "empty" arrows show the intake air  flow through the engine inlet manifold 3, "filled up" arrows show both the crankcase gases KG  flows  from the crankcase 1 through the channel 4, the oil catcher 6, the crankcase ventilation valve 5 into the inlet manifold 3, and through the Device: from the crankcase 1 through the  channel 8  for input of heated crankcase gases KG into the  cooler-trap 7, the cooler-trap 7, and through the outlet channel 9 of the cooler-trap 7   for returning of cooled and dried  crankcase gases KGD into the crankcase 1. 
The Device works in the following way.
Hot crankcase gases KG through the channel 8 enter the cooler-trap 7, where cools, their density increases,  condensate falls from them, collecting in the cooler-trap 7,   and cooled and dried crankcase gases KGD  return through the outlet channel 9 into the crankcase 1, where dilutes crankcase gases KG, decreasing vapors concentration in them, and  thereby their dew point temperature and, accordingly, reducing theirs condensation in the crankcase 1.
Moving of crankcase gases through the Device may be provided by stack effect, arising in the thermocirculation circuit: crankcase 1- enter channel 8 - cooler-trap 7- outlet channel 9 – crankcase 1, owing to the density difference  between heated crankcase gases KG and cooled and dried KGD in the hot (the enter channel 8 ) and cold (the cooler-trap 7 and the outlet channel 9), correspondingly, bends of pointed circuit. Owing stack effect, crankcase gases circulate in the circuit, cooling-down and losing condensate in the cooler-trap 7, as the most cold place of  pointed circuit, rather than in the crankcase 1, whereby  claimed technical result – vapors condensation reducing in the crankcase - is achieved.
For achievement of the maximum technical result - prevention of  vapors condensation in the crankcase – it is rationally to include following additions in the Device construction.
 Crankcase gases are  oil fog, which doesn't oppose to pointed thermocirculation and vapors condensation in the cooler-trap 7, but it can reduce fullness of condense phase capture in the cooler-trap 7, because of partial breakthrough in the crankcase 1 of oil drops with condensate, sunken on their surface during  condensation. Therefore, the enter channel 8, connected cooler-trap 7 with crankcase 1 is rationally to connect to the crankcase wall 1A through a known oil capture 10 (see fig.2,3), for example, a spin dryer, a cyclone, or an coalescent filter. 
The stack effect crankcase gases volume flow rate is depended on the temperature difference between  hot and cold bends of pointed circuit ( line 228) and on the circuit height hc  (see fig.1, the formula 3a in  example 1, line 440). For maintenance in the enter channel 8 of heightened crankcase gases temperature,  providing more intense crankcase gases KG thermocirculation through the Device and preventing untimely vapors condensation in the entrance channel 8 and condensate  flowing down into the crankcase 1, it is rationally to cover the entrance channel 8 with a thermal protection 11, also to provide one with a heater 12 (see fig.2), for example, with a nichrome wire spiral,  powered from an on-board supply (in fig.2 is not shown).
 
For maintenance in the entrance channel 8 of heightened crankcase gases temperature, it may be  performed inside the cylinder block 2, as fig.3 shows. The scheme, with the channel 8 for input of heated crankcase gases KG into the  cooler-trap 7, placing within cylinder block 2, has the restriction, that its realization is possible at development of a new engine only, because it  demands of special design study.  Whereas for realization of the scheme with channel 8, placing outside the cylinder block 2, shown in fig.2, it is needed only to make two additional holes in the upper crankcase wall 1A of an existing engine, for attachment of the channel 8 and the channel 9(see fig.1,2). 

The stack effect crankcase gases volume flow rate is the bigger , the bigger  thermocirculation circuit height hc (see fig.1, formula 3a in  example 1, line 440 ), therefore, for more intensive moving of crankcase gases through the Device, it is rationally to connect the entrance   channel 8 into the cooler-trap 7 on the top of the last, at the maximal possible,  by the data of   the engine configuration,  elevation hc above the crankcase 1 top, and the outlet of  channel 9 for  cooled and dried  crankcase gases KGD returning into the crankcase 1 -  below the cooler-trap 7 (see  fig. 1,2,3). 
The cooler-trap 7 is intended for crankcase gases cooling to temperature lower their dew point temperature, what produces  condensate 13 falling in the cooler-trap 7, rather then in the crankcase 1. A forced cooling is possible soever, for example, by means of the Peltier element  (Thermoelectric Cooler) with a board supply. However, cooling by ambient air is preferably, because the ambient air temperature is lower of the crankcase 1 temperature (under crankcase temperature here and later we will understand of the crankcase gases and the oil temperatures,  assuming they are equal ), and it is a natural refrigerant. It is rationally to use the  cause of condensation for elimination of the last.  Therefore, the cooler-trap  is rationally  to be an effective heatchange between the crankcase gases KG  and ambient air. For that it is rationally to make it in a form of the vessel with developed surface from a high heat-conducting material, with minimal in pressure conditions  thickness of walls. For example, such cooler-trap 7 can be made from a copper alloy (tombac, or semitombac) in  a form of the thin-walled silphon (see fig.2,3,20) or circle, or rectangular cross-section.  The rectangular cross-section may be preferred, because  under the same overall dimensions, the heatchange surface is bigger, then in the case of circular cross-section. 
For execution of  trap function , i.e. condensate collecting , the cooler-trap 7 must have in its bottom a part with volume enough for the vapors condensate 13 imbedding (proper the trap). The  enough volume is provided, as shown in fig.2,3, with the onset of outlet  channel 9  location within the silphon  on some distance h1 from its bottom, enough  in the aggregate with cross-section area of the cooler-trap 7 for vapors condensate 13 imbedding volume forming. 
As for more effective heat transfer, sylphon walls are made thin, it is rationally to armor them, as shown in fig.2,  with wire rings, for prevention theirs break by excess pressure in the case of a frequently occurring fault of the crankcase ventilation valve.

 For improvement of heat transfer from crankcase gases KG to sylphon 7 walls, and for execution (in the special case of realization) of function of an oil catcher, it is rationally to set in the  gases KG into sylphon 7 entrance a flow distributor 15 of entering heated crankcase gases, directional the flow down vessel  walls. For example, in a form or of an umbrella, as shown in fig.2, or a wing flow distributor, or a worm, additionally swirling the gases flow  around the sylphon axis.
For intensification of crankcase gases KG circulation  through the Device under cold engine start, when thermocirculation is small as the result of the crankcase 1 and the cooler-trap 7 temperature closeness, it is rationally to equip additionally the Device with a channel ventilator 16 (see fig.2) for forced circulation of crankcase gases KG through the cooler-trap 7, placed  in the channel 9 between  the cooler-trap 7 and the crankcase wall 1A, and feeding the gas flow from  cooler-trap 7 into  crankcase 1. The channel ventilator 16 works  from a board supply (in figures is not shown), is switched on in the engine start and switched off after the engine is warmed-up to a set temperature, which is over the crankcase gases dew point temperature, or from  a board computer, or from an oil temperature sensor (in fig.2,3 are not shown), because after the dew point temperature  exceeding the Device function is not needed. 
During cold engine start for intensification of crankcase gases  circulation through the Device owing to  stack effect ,  the channel 8 may be previously warmed-up by a heater 12, but the version may be effective, as will be shown in the Device realization example 5, only during engine start under ambient temperature higher 00С. 
It is rationally to utilize the condensate collected in the cooler-trap 7 properly, empting the cooler-trap 7 (see fig.2) after engine stop, because in winter the condensate may be frozen during stand, defrosted  slowly in following engine running, what may result in the Device  dysfunction.  For that in special case the Device may be additionally equipped with a condensate evaporator 17 (see fig.2) for the condensate 13 evaporation by heat of venting crankcase gases KG , and  vapors injection in composition of  the last through the channel 4 into the inlet manifold 3 for   burning up in the engine. The condensate evaporator 17 is made in a form of the vessel, connected to bottom of the cooler-trap 7 with a pipe 18, through which the condensate 13 flows down from the cooler-trap 7 into the condensate evaporator 17. The condensate evaporator 17 is built-in the channel 4 for the crankcase gases  output from the crankcase 1  into the engine inlet manifold 3 between the oil catcher 6 and the crankcase ventilation valve 5 (see fig.2). The entrance of  channel 4 into the condensate evaporator 17 is made  in the form of a heat-conducting pipe, whose end is placed within the condensate evaporator on the distance from its bottom h2, enough in the aggregate with cross-section area of the evaporator 17 for formation of  a volume for the condensate 13 imbedding. For intensification of the condensate 13 evaporation it is rationally to set a baffler 20 over the heat-conducting pipe 19 end , in a form, for example,  umbrella, for direction of hot crankcase gases on the condensate 13 surface. For intensification of condensate 13 evaporation, especially for low ambient air temperature, to cover the condensate  evaporator 17 with a heat insulation 11, by the way, at one to heat protect the crankcase ventilation valve 5, because  "freezing-on" of the last is  a frequent cause of engine faultiness under low temperature, is rationally.
In the special case (see fig.3), for the condensate 13 utilization, the bottom of  cooler-trap 7, where the condensate 13 collects, may be connected with a pipe 18 to a condensate buffer unit 21, which is the vessel, placed at the crankcase 1 top wall 1A  and connected to internal space of  the crankcase 1 through the valve 22, which is opened from a sensor of crankcase temperature (in the figures is not shown), when the last runs up to a set value, after that the collected and melted condensate 13 enters into the warmed-up crankcase 1, where it is evaporated and consisting of  crankcase gases KG enters through the channel 4 into the engine inlet manifold 3, and following, into the engine for aftercombustion. The valve 22 is put in action by a known means. It may be a solenoid valve, put into action by  a transmitter of crankcase temperature signal, or by a thermal switch, placed at the crankcase wall 1A. Also, the valve 22, may be thermomechanical , for example, snapped into action by a bimetallic plate. For the condensate 13 (in the condensate buffer unit 21) more quick thaw during engine warming-up, it is rationally to set the condensate buffer unit 21 on the crankcase wall 1A with a heat conducting joint (fig.3 doesn't show), and to cover one from above with a thermo insulation 11. The version of  Device realization with the  condensate buffer unit 21 (fig.3), in comparison with the condensate evaporator 17 (fig.2), may be preferable. The cooler-trap 7, owing to the above specificated construction in  the form of sylphon with ribbed inner surface and availability of the entering heated crankcase gases flow distributor 15 ,  directional the flow down ribbed  surface vessel  walls, can work as an oil catcher. Then, the entrained by  circulatory gases oil settles on the ribbed  surface of  cooler-trap 7,  flows down in its bottom part, where from flows down through the pipe 18 into the condensate buffer unit 21, where from backwards through the valve 22 into the crankcase 1. In that special case the Device realization can be without  the oil catcher 10, what not only  simplifies the Device, but also reduces aerodynamic resistance of the flow circuit: crankcase 1- channel 8 – cooler-trap 7 – channel ventilator 16 – channel 9 – crankcase 1.  
The examples of the Device realization are given for the engine ЯМЗ-238, which has following  characteristics in  tab.1 
Tab.1 Characteristics of the engine ЯМЗ-238  (later "the Engine"), unequipped with the Device.
	Characteristic
	Meaning

	 Engine type 
	Diesel

	Power
	176 kW

	Number of cylinders / arrangement
	8/ double-row

	Mass, кg
	1075

	Dimension, mm
length 

width
height
	1220

1005

1220

	Volume/mass of oil in crankcase*, l/kg
	33/30

	Gas volume in crankcase space*, m3 , (Vo)
	0.070

	Crankcase gases flux * , or (v) m3/min, or (G) кg/min
	0.070

	Crankcase blow-by gases temperature *
	+2000С

	 Gases and oil temperature in crankcase of the warmed-up Engine *
	+1000С

	Dew point temperature (for water) of blow-by gases (KGB) and crankcase gases (KG ) in crankcase of the warmed-up Engine, too. 
	+450С

	Water concentration  in  blow-by gases (KGB) and  in the warmed-up Engine  crankcase gases (KG),  too, g/m3
	64 


 * about.

Tab.2 The  summary table of terms and symbols, used in the description of following examples of the Device realization. It is given for reading convenience. 
	Symbol,

Term
	Meaning
Comment : the terms, marked by  italics, are explicated right in this tab.
	Dimensionality

	C
	Current value of or real (under consideration of the special case of engine cooling-down), or virtual and real (under consideration of the special case of  engine warming-up) concentration of vapor in crankcase gases KG in common case,  particularly, in primary formulas. 
	g/m3

	C0
	Real value of vapor concentration in crankcase gases KG in starting conditions (in beginning of  engine cooling-down or warming-up) in common case , values are given in examples.
	g/m3

	C0,C1,C2,С4,C8,

C16,C32.
	Current virtual and real water vapor concentration values in crankcase gases KG under a circulation ratio of crankcase gases n=0,1,2,4,8,16,32  (accordingly) through the Device in the special case  of the Engine warming-up from -250С (see fig.11,13). 
	g/m3

	C00,C10,C20,C40
	Current virtual and real water vapor concentration values in crankcase gases KG under a circulation ratio of crankcase gases n=0,1,2,4 (accordingly) through the Device in the special case  of the Engine warming-up from 00С (see fig.15).
	g/m3

	C020-С120-C220
	Current virtual and real water vapor concentration values in crankcase gases KG under a circulation ratio of crankcase gases n=0,1,2  (accordingly) through the Device in the special case  of the Engine warming-up from +200С (see fig.16). 
	g/m3

	C1
	The water concentration in blow-by gases KGB, that is the same in crankcase gases KG  of the Engine without the Device under its temperature equal and upper the dew point temperature (+450С)
	65 g/m3

	Ccst
	Current water real concentration value in crankcase gases (KG) in the special case in first minutes (temperature is accepted to be constant at that time ) after stop of the Engine, equipped with the Device, arranged  out  engine jacket;  under the ambient air temperature -200С (see fig.8)
	g/m3

	Ccst1
	Current  water real concentration value in crankcase gases (KG) in the special case in first minutes (temperature is accepted to be constant at that time ) after stop of the Engine, equipped with the Device, arranged  under  engine jacket;  under the ambient air temperature -200С, and under  the engine jacket space temperature  +200С (see fig.8)
	g/m3

	Cdp
	Concentration  of water vapor in gases under dew point temperature Tdp in common case (see fig.7) 
	g/m3

	Cdpvir
	Concentration  of imaginary substance in gases under its dew point temperature Tdpvir (see fig.18).
	g/m3

	Ctr
	Current water real concentration value in crankcase gases (KG) in the special case during warming-up of the Engine without the Device under the ambient air temperature -250С (see fig. 11,13) 
	g/m3

	Ctr0
	Current water real  concentration value in crankcase gases (KG) in the special case during warming-up of the Engine without the Device under the ambient air temperature 00С (see fig. 15) 
	g/m3

	Ctr19
	Current real water concentration value in crankcase gases (KG) in the special case during cool-down (along Tkg19) of the Engine without the Device under the ambient air temperature 
-200С (see fig.9) 
	g/m3

	Ctr20
	Current real water concentration value in crankcase gases (KG) in the special case during warming-up of the Engine without the Device under the ambient air temperature 

+200С (see fig.16) 
	g/m3

	Ctrv
	Current "real" imaginary substance concentration value in crankcase gases KG during warming-up the Engine without the Device  under ambient air temperature -250С (see fig.19) 
	g/m3

	Cv0-Cv32
	Current "real" and virtual imaginary substance concentration in crankcase gases values under the circulation ratio n=0,1,2,4,8,16,32 (accordingly), under warming-up of the Engine without the Device (n=0) and with the Device under the ambient air temperature -250С (see fig.19) 
	g/m3

	Cx
	Current real water concentration value in the  crankcase gases (KGD) down cooler-trap flow in common case (in primary formulas) (see fig.5,10).
	g/m3

	Cx19
	Current real water concentration value in the crankcase gases (KGD) down cooler-trap flow in the special case of one arrangement within engine jacket space and the Engine cool-down under the ambient air temperature -200С (see fig.9)
	g/m3

	Cx19(t19)
	Approximate current water real concentration value in crankcase gases after the cooler-trap (KGD) in the special case of one arrangement within engine jacket space and the Engine cooling-down under the ambient air temperature -200С (see fig.9) 
	

	Cx32r
	Current real water concentration value in crankcase gases after the cooler-trap (KGD) under the circulation ratio n=32 in the special case of  example 8 for the specific (see Fig.20) cooler-trap (see lines 1102-1103).
	g/m3

	С32r
	Current real water concentration value in crankcase gases (KG) in the  special case of example 8 (see fig.23).
	

	Cxcr
	Current real water critical concentration value in crankcase gases after the cooler-trap (KGD), lower which the maximal technical result is achieved in the special case warming-up the Engine, equipped with the Device, under the ambient air temperature -250С and the circulation ratio n=32 (see fig.21 and tab.3) 
	g/m3

	dp
	On graphics (see fig.4,9) the place marking of the dew point (+450С in temperature, or 65g/m3 in concentration, accordingly) of blow-by gases (KGB) or, that it is the same, of crankcase gases KG in the Engine without the Device, warmed-up to a temperature higher the dew point temperature
	-

	F
	Heat transfer area of a cooler-trap.
	м2

	G
	Minute mass flow of crankcase gases.
	0.07

кg/min

	gc
	Condensate quantity, fallen in the cooler-trap,   over the time of  crankcase warming-up from -250С to the dew point temperature of crankcase gases (KG) under  the circulation ratio n (see fig.14).
	g

	gg
	Condensate quantity, fallen in the crankcase, over the time  of  crankcase warming-up from -250С to the dew point temperature of crankcase gases (KG) under  the circulation ratio n (see fig.14). 
	g

	Gm
	Oil mass in the crankcase.
	30 kg

	Gs=G/60
	Throughput weight of crankcase gases.
	0.001

кg/s

	Hkg
	Crankcase gases  heat capacity 
	1020 J/кg 0С

	Hol
	Oil heat capacity.
	1670

J/kg 0С

	K
	Heat-transfer coefficient of a cooler-trap.
	W/m2∙0С

	K∙F 
	Heat load of a cooler-trap.
	W/0С

	(K•F)cr
	See critical heat load 
	W/0С

	KG
	Crankcase gases in the Engine crankcase.
	-

	KGB
	Blow-by gases, i.e. gases incoming in crankcase space from engine cylinders through piston rings. 
	-

	KGD
	Dried crankcase gases flowed down the cooler-trap into the crankcase.
	-

	n
	Circulation ratio of crankcase gases through the Device,

equal to the ratio of crankcase gases flow through the cooler-trap n v to the crankcase gases flux v, or the same, the ratio of passed through the Device gas volume to gas volume, incoming in the crankcase: n=Vx/V
	-

	Q
	Heat flow through surface of a cooler-trap in common 
	W

	q
	 Stack effect crankcase gases volume flow rate through the Device  or in common case ( in primary formulas ), or in special case of the Engine stop and cooling-down under ambient air temperature -200С and the Device place out  engine jacket  space. (see fig.6)
	m3/s 

	q1
	Stack effect crankcase gases volume flow rate through the Device  in the special case of the Engine stop and cooling-down under the ambient air temperature -200С and the Device place under  engine jacket (see fig.6).
	m3/s

	q1(t19)
	Approximate dependence of  stack effect crankcase gases volume flow rate through the Device on cooling-down time  of the Engine, equipped with the Device, placed under  engine jacket, and under the ambient air temperature -200С (see formula on  line 566)   
	m3/h

	q200
	Dependence of  stack effect crankcase gases volume flow rate through the Device on ambient air temperature (from -250С up to +250С) under the temperature in the  channel for input of heated crankcase gases into the cooler-trap +2000С (see example 5, fig.17)
	m3/s

	r0,r1,r2,r4,r8,r16,r32
	 Realization (conversion of virtual concentration value into real one) points marking (at grafics) of the virtual water concentration in crankcase gases value under the circulation ratio through the Device n =0,1,2,4,8,16,32, accordingly, in the special case the Engine warming-up under the ambient air temperature -250С (see fig.11,13).
	-

	t
	Current time from the Engine cooling-down or warming-up start.
	Or s,

 or min, or h, 
pointed in text 

	t19
	Enduring current time from the Engine cooling-down start under the ambient air temperature -200С (see fig.4,9).
	h

	Tar
	Ambient air temperature. 
	0С

	Tdp
	Dew point temperature (water) in common case under vapor concentration Cdp (see fig.7) 
	0С

	Tdp0, Tdp1,

Tdp2, Tdp4, Tdp8, Tdp16, Tdp32
	The crankcase gases (KG) dew point temperature in the specific case start of the Engine, equipped with the Device, under the ambient air temperature -250С and under the circulation ratio of crankcase gases (KG) through the Device n=0,1,2,4,8,16,32, accordingly. (see fig.11). 
	0С

	Tdpn
	Dependence of dew point temperature of crankcase gases  on circulation ratio n in the specific case the Engine  warming-up under the ambient air temperature -250С (see fig.12).
	0С

	Tdpvir
	Dew point temperature of  imaginary substance under its vapor concentration Cdpvir (see fig.18).
	0С

	Tkg
	Current temperature value of crankcase gases (KG) in the crankcase in common case, in specific cases it is differently marked in  text (see fig.5,20) 
	0С

	Tkg0
	Current temperature value of crankcase gases (KG ) in the specific case during the Engine warming-up under the ambient air temperature 00С (see fig.15).
	0С

	Tkg19
	Current temperature value of crankcase gases KG in the specific case during the Engine cooling-down under the ambient air temperature -200 С (see fig.4)
	0С

	Tkg20
	Current temperature value of crankcase gases KG in the specific case during the Engine warming-up under the ambient air temperature  +200С  (see fig.16).
	0С

	Tkg25
	Current temperature value of crankcase gases KG in the specific case during the Engine warming-up under the ambient air temperature -250С (see fig.11). 
	0С

	Tkgb
	Blow-by gases (KGB) temperature. 
	+2000С

	Tx
	Current temperature  value of crankcase gases KGD at the cooler-trap outlet in common case (see fig.5,20); in specific cases it is differently marked in text. 
	0С

	Tx1,Tx2,Tx4 ,
Tx8 ,Tx16,
Tx32.

	Current temperature values of  crankcase gases KGD at the cooler-trap outlet under the circulation ratio n=1,2,4,8,16,32, accordingly, in the specific case  Device realization and work in  example 8 (see fig.22 and 20). 
	0С

	Tx19
	Current temperature value of crankcase gases temperature at the cooler-trap outlet in the specific case of one  placing under   engine jacket and the Engine cooling-down under the ambient air temperature -200С (see fig.4).
	0С

	Txcr
	Critical temperature (maximal temperature of crankcase gases KGD at the outlet from cooler-trap, lower which the maximal technical result achievement is possible) in the specific case warming-up of the Engine, equipped with the Device, under the ambient air temperature -250С (see fig.22). 
	0С

	v
	Volume flow of crankcase gases, i.e. volume of crankcase gases KGB entering  the crankcase per minute. 
	m3 /min

	V
	Volume of crankcase gases KGB , entered  crankcase and  passed through it over time t from the  Engine start. 
	m3

	V0
	Gas volume in the crankcase.
	0.070m3

	Vx
	Volume of crankcase gases , passed through the Device over  time t from the Engine or stop, or from start moment up to current moment. 
	m3

	Virtual concentration 
	Vapor concentration in crankcase gases, calculated from the imaginary condition, that vapor condensation in the crankcase doesn't  occur. The conception is introduced  for solution simplification of the crankcase gases  balance  differential equation  in the specific case description of the Engine process warming-up;

when crankcase gases (KG) temperature increases up to their  dew point temperature, virtual concentration  becomes, and  remains real under  further temperature increase (see example 2, fig.11). 
	g/m3

	Imaginary substance.
	Imaginary substance with arbitrarily given dependence of dew point temperature Tdpvir on its concentration Cdpvir (see fig.18) in crankcase gases;
the conception is introduced  for demonstration of achieved technical result community with respect to whatever substance, which has the dew point temperature in  considered crankcase temperature range, for example with respect to unburned fuel vapor.  
	-

	Circulation ratio 
n
	Normalization factor  «n» - ratio of volume flow of crankcase gases through the Device n v to volume flow of crankcase gases v , or, that the same: ratio of gases volume, passed through the Device to gases volume, entered  the crankcase  n=Vx/V

	-

	Critical concentration
Cxcr
	Vapor concentration in cooled and dried gases KGD after the cooler-trap, corresponding to the critical temperature (see fig.21). 
	g/m3

	Critical temperature 
Txcr
	Current maximal temperature value of crankcase gases KGD  outgoing from the cooler-trap  in specific  conditions (ambient air temperature, crankcase gases temperature and circulation ratio), under  and lower which vapor condensation in the crankcase doesn't occur.(see examples 7,8, fig.22) 
	0С

	Critical heat load 
(K•F)cr
	Minimal value of product of heat-transfer coefficient K by surface value F of the cooler-trap, under which  at specific conditions (ambient temperature, crankcase temperature and circulation ratio) of the Engine warming-up, crankcase gases KGD can be cooled up to critical temperature (see tab.3)
	W/0С

	Maximal technical result 
	Prevention of vapors condensation in the crankcase of an internal combustion  engine.
	-

	Stack effect 
	Here, the phenomenon of gas moving (circulation) in the closed loop, involved the vertical disposed hot and cold bends,  arising  owing to difference between relative densities of hot and cold gas. 
	-


Example 1. The Engine, equipped with the Device with  the cooler-trap 7, which placed out of   engine jacket space, has been stopped under the ambient air temperature Tar =-200С, and the crankcase is cooling down (the oil temperature in crankcase is measured) along the curve Tkg19 in  fig.4.   Here and later crankcase temperature , temperature of the oil and crankcase gases(KG)  are  accepted to be the same. Let's  consider process of the technical result achievement with  help of the Device – reducing vapor condensation in the crankcase by the example of water vapor. The scheme of the crankcase gases flows during cooling-down of the stopped Engine is shown in  fig.5. The same as in fig.1-3 , here: 1- crankcase , 8 -  channel for input of heated crankcase gases (KG) into the cooler-trap 7,  9-  channel for output of cooled and dried gases (KGD) into the crankcase 1.

Vx-crankcase gases volume (on the scheme is not marked), passed through the Device for  time t from the engine stop moment , m3.

Со – the initial water vapor concentration in crankcase gases KG  in the Engine stop moment, g/m3; 
С –  current value of water concentration in crankcase gases KG during the Engine cooling-down time  g/m3;

Сх – current value of water  concentration  in  crankcase gases KGD passed the cooler-trap 7, g/m3 ;

Vo –  the gas volume in crankcase, m3;

Tkg – current temperature value of crankcase gases KG in the crankcase 1 and at the cooler-trap 7 input;

Tx – current temperature value of crankcase gases KGD, past the cooler-trap 7.

The differential equation of water material balance for these conditions is: 
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          (1).

Its solution for current water concentration C in crankcase gases KG  is:
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            (2),

or
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             (2а),

where
q -  stack effect crankcase gases volume flow rate through the Device, m3/s,

t – сurrent time from the Engine stop and cooling-down start, s. 

For task simplification, as a first approximation, let's accept that temperature of crankcase gases KGD at the outlet from cooler-trap 7 Tx  is constant and equal to the ambient air temperature Tar (-200С), and, consequently, the water concentration Сх in them is constant, too. When, from equation (2a), current water concentration in crankcase gases KG С  is seen to be an exponential function of  stack effect crankcase gases volume flow rate q through the Device. This volume flow rate can be evaluated using the known formula for determination of chimney draught (Chimney.Wikipedia. http://en.wikipedia.org/wiki/Chimney ):.
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         (3),
where
q-  stack effect crankcase gases volume flow rate, m3/s;
k=0.65(0.7 coefficient;

a- flow area, m2;

g=9.8 m/s2  acceleration of gravity;

hc- chimney height, m;

Ti- mean temperature in the chimney, 0К; (hot)

Te- ambient air temperature , 0К (cold).
As the Device  scheme somewhat differs from a chimney scheme, the formula (3) should be adapted for the Device following.

Let's accept that  

Ti - crankcase gases KG temperature in  channel 8,  Ti=Tkg+273;
Te- mean crankcase gases KG temperature between their temperature Tkg+273  at the input  cooler-trap 7 and  crankcase gases KGD temperature past the cooler-trap -  Tar+273, i.e.  
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Then formula (3)  takes the form:


[image: image6.wmf]273

(1)

273

Tar

qkaghc

Tkg

+

=-

+

gggg

              (3а).
Accept
k=0.65;

a=0.002 м2 (the diameters of channel 8, cooler-trap 7 and channel 9 are accepted  to be 0.05m);

hc=1m.

Substituting in formula (3а) as Tkg experimental  significance of crankcase gases temperatures Tkg19 from the Engine cooling-down graphic (fig.4), for the specific case the Engine cooling-down under the ambient air temperature -200С,  get values of  stack effect crankcase gases volume flow rate q (fig.6) in the Device during the Engine cooling-down.

 Substituting in formula (2а) the values: 

Cx=0.9 g/m3 –  the water concentration in crankcase gases KGD, passed  through the cooler-trap 7 under  Tx= -200С , obtained from known dependence of dew point temperature Tdp  on water concentration Cdp in gases, represented in  fig.7;
Со=65 g/m3  the initial water concentration in crankcase gases KG in the Engine stop moment  (from  tab. 1);
Vo=0.070 m3 – the gas volume in  crankcase space, from the tab.1,

q=0.002-  m3/s (accept constant in time, as process is shot (see the fig 8) –  the stack effect crankcase gases volume flow rate through the Device in the specific case its arrangement out of   engine jacket space under the ambient air temperature -200С  from   fig.6, 
get  current values:
С-g/m3 – water concentration in crankcase gases after the Engine stop, represented in  fig.8 by the curve Ccst=С. 

As one can see on the graphic  fig.8, the Device reduces water concentration in crankcase gases from 65g/m3 to 0.9g/m3 (the value corresponding the dew point temperature -200С, equal the ambient air temperature Tar) during about 3 minutes. Therefore, cooling-down of the crankcase up to this temperature later on, doesn't result in vapor condensation in the crankcase, what corresponds to  the claimed technical result. 
Shot-time process  reducing of water concentration in crankcase gases after the Engine stop (see  fig.8) makes righteous the assumption, made above for this case, that  stack effect crankcase gases volume flow rate  q is a constant.
 Crankcase gases circulation through the Device is going on during the Engine further cooling-down, but is  useless up-to  the moment, when the ambient temperature begins to come down from the value in the Engine stop moment, as a result of daily or weather variation. Because the cooler-trap practically doesn't possess heat time lag owing to its little mass and gets ambient air temperature practically instantly, as compared with massive engine, during ambient temperature coming down one is colder  the engine, and crankcase gases circulation  takes place, providing correspondence  (equality) of current dew point temperature of crankcase gases KG to the ambient temperature  Tdp=Tar, what makes vapor condensation in crankcase 1 impossible, what also corresponds to  the claimed technical result. 
Example 1a. The Engine, equipped with the Device with the cooler-trap 7, arranged under engine jacket space, has been stopped  under the ambient air temperature Tar =-200С.
Above the specific case has been considered , when temperature Tx of the cooler-trap, rather quickly, as compared with temperature Tkg of crankcase gases KG, becomes equal to the ambient air temperature Tar, for example, if the cooler-trap is placed on a some distance from the heated Engine, for example,  outside  engine jacket , near a water or oil  radiator.  Really the cooler-trap may be under  engine jacket space, where temperature  comes down not so quickly owing to heat flow from the cooling-down massive Engine.
The curve Tx19 in  fig.4 is the temperature change graphic of  the cooler-trap 7 (and accordingly KGD flow past  it), arranged within engine jacket space near the cylinder block. Here the cooler-trap 7 is in heat field of the cooling-down Engine, and its temperature comes down more slowly, than if it would be outside. The graphics cooling-down of crankcase 1 – the curve Tkg19 , and of cooler-trap 7– the curve Tx19, are shown by experimental points in fig.4. 

Corresponded to these temperatures graphics of water concentration in crankcase gases KG change are shown in  fig.9: the curve Ctr19  is current water concentration value  in crankcase gases KG of the Engine without the Device, cooling-down along the curve Tkg19 (fig.4), and the curve Cx19 is current water concentration  value in crankcase gases KGD, passed through the cooler-trap 7, cooling-down along the curve Tx19 (fig.4). The curves Ctr19 and Cx19 are plotted by dependence of  dew point temperature Tdp on water concentration in gases Cdp (fig.7) for current temperature Tkg19 of the crankcase 1 and Tx19 of the cooler-trap 7  (see  fig.4). 

Crankcase gases KGD , passed through the cooler-trap 7 and shed water in it, entering  the crankcase 1, dilute there gases KG , reducing  their dew point temperature and thus reducing vapor condensation in the crankcase. Dried gases KGD entrance in the crankcase is supplied by stack effect of gases through the Device. Stack effect crankcase gases volume flow rate, calculated  accordingly formula (3a) under the same parameters as early and under Tkg=Tkg19 (crankcase temperature) and Tar=Tx19 (ambient, in that case within engine jacket, temperature) from fig.4, is shown by the curve q1 in  fig.6.
Substituting in formula (2a) for the Engine stop moment  
Cx=17.3 g/m3 – the water concentration (corresponding to temperature within engine jacket space) in crankcase gases KGD flow down the cooler-trap 7 from the  curve Cx19 (on  fig.9);
Co=Ckg=65 g/m3 the water concentration  in crankcase gases KG  in the warmed-up Engine (right after stop) from the curve Сtr19 on  fig.9;
q=0.0018 m3/s  the stack effect crankcase gases volume flow rate from the curve q1 in fig.6,
 get the equation 
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of water concentration in crankcase gases KG changing after the Engine stop,  represented  by the curve Ccst1 in fig.8. One can see from the curve, that in near three-minutes initial period   water concentration in crankcase gases KG falls from 65 g/m3 to 20 g/m3 , corresponding the dew point temperature +200С – the temperature within engine jacket space. It occurs practically instantly (therefore this fall isn't shown on fig.9) in comparison with cooling time of the Engine (see the curve Tkg19 in  fig 4).
 Further, dew point temperature (equal to temperature Tx19 of the cooler-trap 7) in crankcase gases changes slowly, along  the cooler-trap 7 cooling curve  Tx19 in fig. 4 
As it was mentioned above, the curve Tkg19 (fig.4) of the crankcase cooling-down after achievement of the dew point dp (Tdp=+450С, Cdp=65 г/м3) of blow-by gases (KGB), reflects changing of dew point temperature of crankcase gases KG during the Engine cooling-down without the Device.  To the temperature curve Tkg19 the concentration curve Ctr19  in fig.9 corresponds. During the Engine cooling-down with the Device, placed within engine jacket, dew point temperature of crankcases gases is described by the curve Tx19 in fig.4., and corresponding water concentrations in crankcases gases by the curve Cx19 in fig.9. 
Owing to the Device effect , dew points of crankcases gases KG are lower the Engine crankcase temperature (fig.4), therefore, vapor condensation in the crankcase doesn't take place, what  corresponds with claimed technical result. However, such state is possible in that case, if stack effect supplies enough quick crankcases gases exchange between the crankcase gas space and the cooler-trap 7 during the Engine cooling-down. Therefore, let's consider observance of the achievement technical result  condition. 
Water concentration С   in crankcase gases KG is described by equation (2a). Above we have supposed water concentration after cooler-trap 7 Сх  and stack effect crankcase gases volume flow rate q  to be constant , as time brevity process of concentration C establishing (see the curve Ccst1 in fig.8). For considering the Engine cooling-down prolonged process, it is obviously, and C, and Сх, and q in  equation (2a) should be considered to be  time t function:
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Indication of stack effect crankcase gases volume flow rate q sufficiency for achievement of  the technical result is the condition  
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 what is satisfied under  smallness of the exponential member in equation (2b): 
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  (2c).
For consideration this condition, specific for considered example values Сх(t) and q(t), represented by curves Cx19 in fig.9 and q1 in fig.6, accordingly, should be represented  in an analytical form as functions of cooling-down time t.   It is made by approximation of pointed experimental dependences by known ways.
For specific for the present example dependence of current water concentration in crankcase gases KGD after the cooler-trap 7 on cooling-down time t19(hour)
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where  t19>0,
has got (dash-dot curve) from values ( direct crosses) of the  curve  Cx19 in fig.9  by means of  the function lnfit(t19, Cx19) in the known program MathCad 13.
 The expression for stack effect crankcase gases volume flow rate current value  
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has got from values (translated into m3/h) of the curve q1 in fig.6 by means of the function line(t19,q) of the same program.
After substitution of values Cx(t) = Cx19(t19) and q(t) =  q1(t19) in the expression (2c),  last  takes on the form :
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Substitution of values t19 from 0.01  up to 24 hours leads to infinitesimal values of the expression. Consequently,  gases stack effect  through the Device provides observance of the condition 
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during the Engine cooling-down, i.e. water concentration in crankcase gases  KG of the Engine, equipped with the Device, never  exceeds water concentration in crankcase gases KGD after cooler-trap 7 and, therefore, water vapor condensation in the crankcase doesn't occur, what corresponds to the claimed technical result. By the other words, dew point temperature of crankcase gases KG  Tdp  is kept with the Device under the Engine standing always  lower crankcase gases temperature Tkg, what  prevents condensate falling in the crankcase, what corresponds to the claimed  maximal technical result in the special case of the Engine cooling-down with the cooler-trap 7, arranged under engine jacket.
Example 2

The Engine, equipped with the Device according schemes in fig.2,3, additionally inclusive the channel ventilator 16, has been started under the ambient air temperature Tar =-250С. 
The crankcase gases flow scheme  during the Engine warming-up is shown in fig.10.The same as in  fig 1-3 , here: 1- the crankcase (more precisely - the gas space of crankcase), 8- the channel for input of heated crankcase gases KG into the cooler-trap 7,  9- the  channel for output cooled and dried gases KGD back into the crankcase 1. Let's consider the Device work with respect to water vapor.
С, g/m3 – current virtual or real water concentration in crankcase gases, what would be under imaginary or real (when the crankcase gases temperature is higher the dew point temperature) condition, that vapor condensation in the crankcase doesn't occur.  It is an artificial way for the mathematical solving task simplification. 
Со – the real water vapor concentration in crankcase gases KG in the Engine start moment,

it is searched out the known dependence, shown on fig.7; in the example for the temperature
 -250С  - Со=0.6 g/m3. 
С1=65 g/m3 –the  real water concentration in blow-by gases KGB, equal also real vapor concentration in crankcase gases KG (the Engine unequipped with the Device) under their temperature higher the dew point temperature (+450С), let accept to be constant. 

Cx, g/m3 – real water concentration in crankcase gases KGD,  outgoing the cooler-trap 7 to the crankcase 1; in this example for a task simplification let's assume Cx=C0 ,  supposing that crankcase gases cool down  to the ambient air temperature Tar=-250С in the cooler-trap 7 .

V, m3  - blow-by gases KGB volume, blowed into the crankcase1 and passed through it to  the Engine inlet manifold 3 over  time  t(min) from the Engine start to current moment. 
Vo=0.070 m3– the gas volume in crankcase (see tab.1).
Vx, m3 – crankcase gases KG volume, passed through the Device over  time t(min) from the Engine start to current moment.
n- circulation ratio of crankcase gases through  the Device (further – circulation ratio), a normalizing factor, equal to ratio of gases volume passed through the Device to blow-by gases volume, blowed from cylinders into the crankcase 1
(
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The differential equation of water material balance for these conditions (including for imaginary condition, that vapor condensation in the crankcase doesn't occur) is:
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             (4).
The solution of  equation (4) is:
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                                                (5).
Let's accept in the first approximation, that crankcase gases cool down  to ambient air temperature in the cooler-trap 7 and, therefore, Cx=Со :
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                                                (5а),
where 
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, where
v=0.070m3/min (from  tab.1) – the crankcase gases flow;

 t -   time (min) from the Engine start moment. 
The graphic of crankcase gases KG temperature change during the Engine warming-up from
 -250С is shown by the curve Tkg25 (ordinate axis - from the right) in  fig 11. By temperature values of that curve,  from dew point temperature Tdp dependence on water concentration in gases Cdp, shown in fig.7, the curve Ctr – saturated vapor concentration under crankcase gases temperatures by the curve Tkg25- is plotted,  that is the graphic of  real water concentration in crankcase gases KG changing during warming-up of the Engine unequipped with the Device up to the blow-by gases KGB dew point (+450С, 65 g/m3 ). 
Substituting in  equation (5а)  values 
 С1 =65 g/m3  from  tab.1, 
Со =0.6 g/m3  from fig. 7 for the temperature  -250С
and 
Vo = 0.070 m3 from  tab.1,
we get numerical solutions of  equation (5a) relative to virtual water vapor concentration for various values of crankcase gases circulation ratio n through the Device: 
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  ,

shown in fig.11 by curves 
C0 – for  n=0 (without the Device);
C1 - for n=1;
C2-   for n=2;
C4-   for n=4;
C8-   for n=8;
C16- for n=16;
C32- for n=32.

As evident from fig.11, the exponential term in equation (5a) very quickly, less than for 5 minutes,  vanishes, therefore, the initial parts of  curves in fig.11 are approximated by  inclined lines.
The curve  С0 is a solution of the virtual water material balance equation (5a): thus water concentration in crankcase gases KG would change without the Device and under condition of condensation absence in crankcase 1. The curve  Ctr  is change of real water vapor concentration in crankcase gases KG during crankcase temperature increase up to the blow-by gases dew point (+450С and 65g/m3), also without the Device. In reality, water concentration in crankcase gases KG can't be more than on the curve Ctr , because the curve is water concentrations under dew points, obviously, the difference between the concentrations С0 and Ctr must in reality fall in the crankcase 1 as condensate, whose quantity is in proportion to difference between the graphic areas under  curves С0 and  Ctr . These curves cross in the blow-by gases KGB dew point, which is designated as Tdp0 on the graphic, and join in one line, prolonging the curve С0, the equation (5a) becomes real after the cross point Tdp0, reflects real water concentration in crankcase gases KG, after the Engine becomes warmed up to higher then the dew point temperature.

The curve С1 is virtual values of water concentration in crankcase gases KG under their circulation ratio n=1 through the Device. It is lower the curve С0  owing to a part of water is removed from crankcase gases by condensation in the cooler-trap 7. As crankcase gases temperature Tkg25 increases, the curve С1 of virtual concentration  crosses the curve of real concentration Ctr in the point r1. It occurs then real water concentration in crankcase gases KG, reflected by the curve Ctr , becomes equal with virtual concentration in gases, reflected by the curve С1,  i.e. vapor condensation becomes impossible under further temperature increasing, the virtual curve С1 transforms into real one and reflects real water concentration in crankcase gases KG, the curve Ctr trend interrupts and real water concentration in crankcase gases follows along the curve С1  after the cross point (let's call it the realization point of virtual concentration) r1.  The trend of real water concentration in crankcase gases KG during the Engine warming-up in considered conditions (n=1) is shown in  fig.11 by arrows on the curves Ctr and C1: from the beginning water concentration follows along the curve Ctr up to its cross with the curve C1 of virtual concentration in the realization point r1,  it corresponds to dew point water concentrations in crankcase gases KG during temperature of crankcase gases increasing along the curve Tkg25. After the realization point r1 real concentration follows along the curve С1, i.e. remains constant, and vapor condensation in the crankcase becomes impossible, because crankcase temperature goes up from the dew point temperature of crankcase gases KG (under n=1) Tdp1 , whose value one can determine on the temperature curve Tkg25 of the Engine warming-up, as it is shown in fig.11, drawing (dotty lines) the vertical line from the point r1 up to cross with the curve Tkg25 of  crankcase gases temperature. 
 Similarly,  by cross points  (realization points) (r2-r32) of the curves С2,С4,С8, С16, С32 with the curve  Ctr  one can determine dew point temperatures (Tdp2-Tdp32) of crankcase gases KG under corresponding circulation ratios through the Device. The realization points r0 and r32 is not marked in fig.11 over deficit of place. Determined by such way dew point temperatures (Tdp0-Tdp32) of crankcase gases KG depending on circulation ratios n during the Engine warming-up from -250С are shown by the curve Tdp(n) in fig.12, from which  the Device function is seen to result in  dew point temperatures of crankcase gases KG reduction, depending on their circulation ratio through the Device. 
How one can see from fig.11, in specific conditions of the Engine, equipped with the Device, under the circulation ratio n=32 through the last and -250С,  water condensation in the crankcase 1 doesn't occur over all warming-up time, because of  water falls from crankcase gases KG in the cooler-trap 7, water concentration in crankcase gases KG  is kept lower dew point concentration under crankcase temperature (the curve Ctr), therefore, the curve C32 is real concentration along all its length. 
For evaluation of water quantity, condensing in the crankcase 1 over  the Engine warming-up  to dew point temperature of crankcase gases KG under different circulation ratio n, it should to reformat the graphics in fig.11 by multiplication of time t on crankcase gases flow v,  thus converting the dependences in the graphic 11 on warming-up time t to the corresponding dependences on blow-by gases KGB volume, input the crankcase space 
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These dependences are shown in fig.13. Then, the condensate quantities, fallen in the crankcase 1 over the Engine warming-up to the dew point temperatures of crankcase gases KG Tdp0-Tdp32 (in fig.13 points r0-r32 correspond them ) under different circulation ratios of crankcase gases through the Device, will be equal to  graphic areas,  enclosed between virtual water concentration in crankcase gases KG curves С0, С1, С2, С4, С8, С16, С32 and the real water concentration in crankcase gases KG curve Ctr , from the origin of coordinates to these curves  cross points r0, r1, r2, r4, r8, r16, r32 (the last two points are not marked in the graphic over deficit of place). These areas are determined by a known graphic way, for example, in  some graphic computer program, for example, as in this example, AutoCad13 by function  "area". For example, in fig.13 the area bounded by the curves Ctr and C0 (both shaded by the one and two lines area) equals to quantity of condensate 77.07 g, fallen in the crankcase over the Engine without the Device  (n=0) warming-up from -25 0 С to +45 0 C. The area bounded by the curves Ctr and С1 (shaded by  two lines area) is equal to condensate quantity 21.83 g, fallen in the crankcase over the Engine warming-up up to the dew point temperature (Tdp1=330C) of crankcase gases KG under their circulation ratio through the Device n=1. It is obviously, that during crankcase gases circulation through the Device under n=1, the quantity difference 77.07-21.83=55.24g falls in the cooler-trap 7. Values of condensate quantity gg , fallen in the crankcase 1 and condensate quantities gc , fallen in the cooler-trap 7, over the Engine warming-up to dew points under considering values of gases circulation ratio n, are got by analogous way and shown in fig.14. From fig.14 one can see, that  with increasing of circulation ratio n of crankcase gases KG through the Device, condensate quantity gg, fallen in the crankcase 1,  sharply reduces, that corresponds to the claimed technical result. And condensate quantity  gc , fallen in the cooler-trap 7, increases accordingly. So, owing to water vapor condensation in the cooler-trap 7, in the crankcase 1 one doesn't occur and condensate doesn't fall into the oil. Total condensate quantity, fallen in the crankcase 1 and cooler-trap 7 is 77.07g. Whereas water quantity input  the crankcase over warming-up is equal to the area bounded by the curve СО and axes of reference and amounts to 130.5g. Obviously, the difference 130.5-77.07=53.43g is moved off in vapor phase with crankcase gases KG during the Engine warming-up through the channel 4 into the inlet manifold 3. These data is also useful for evaluation of volumes, needed for the condensate 13 imbedding  in or the cooler-trap7, or the condensate evaporator 17 (see fig.2), or the condensate buffer unit 21 (see fig.3). 
Example 3

The Engine, equipped with the Device according a scheme or in fig.2, or in fig.3, additionally inclusive the channel ventilator 16, has been started under the ambient air temperature 00С. 
 The graphic of  crankcase warming-up is represented by the curve Tkg0 in fig.15 (ordinate axis is on the right), and water concentrations under corresponding this curve dew point temperatures are represented by the curve Ctr0, plotted from the dependence of dew point temperature on water concentration, shown in fig.7. 
Substituting in the equation (5а)

Cx=Co=4.8 g/m3 – the water concentration in crankcase gases before the Engine start and on the outlet from the cooler-trap 7 into the crankcase 1 (obtained in fig.7 for temperature 00С); 

C1= 65 g/m3 (tab.1)- the water concentration in blow-by gases KGB;
Vo=0.070 m3– the gas volume in crankcase space (tab.1);
v=0.070m3/min( from таб.1) – the crankcase gases flow;
 we get the expression for virtual current water concentration C in crankcase gases KG under pointed above conditions:

[image: image22.wmf]0.070

0.070

654.8654.8

11

t

n

Ce

nn

-

+-

=-

++

g

g

g

.
Its numeral solutions 
С00 for n=0;
С10 for n=1;
С20 for n=2;
С30 for  n=3

are represented in fig.15, which is analogous to fig.11, and they can be analyzed such as in example 2. By comparison these figures one can see that condensation and condensate quantity over the Engine start under the ambient air temperature 00С are noticeably less, then under 

-250С. So, dew point, when warming-up of the unequipped with Device Engine, is already reached about for 13 minutes, and for full prevention of condensation in the crankcase over warming-up, the crankcase gases KG circulation ratio through the Device only n= 3 instead of n=32 is enough.
Example 4. 
The Engine, equipped with the Device according a scheme or in fig.2, or in fig.3, additionally inclusive the channel ventilator 16, has been started under the ambient air temperature +200С. 
In fig.16 the graphic of crankcase warming-up is represented by the curve Tkg20 (ordinate axis is on the right), and  current  water real concentration in crankcase gases KG , corresponding current crankcase temperature by the curve Tkg20 and determining by the graphic in fig.7, is represented by the curve Ctr20 .
Substituting in the equation (5а)
Cx=Co=17.3 g/m3 – the water concentration in crankcase gases before the Engine start and on the outlet from the cooler-trap 7 into the crankcase 1, determined by the graphic in fig.7 for the temperature +200С;
C1= 65 g/m3 (tab.1) –the water concentration in blow-by gases KGB;
Vo=0.070 m3– the gas volume in the crankcase space (tab.1);
v=0.070m3/min (from tab.1) – the  crankcase gases volume flow,
we get the expression for virtual current water concentration in crankcase gases KG under pointed above conditions:
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Its numeral solutions 

С020 for n=0;
С120 for n=1;
С220 for n=2;
are represented in fig.16,  which is analogous to fig.11 and fig.15 and  can be analyzed such as in example 2 and 3. From fig.16 one can see that during the unequipped with  the Device Engine start under +200С, the dew point temperature in the crankcase is already reached  for about 6 minutes, and for full prevention of condensation in the crankcase 1 over warming-up, the crankcase gases KG circulation ratio through the Device  only n= 1 is enough . 
 So, the higher ambient temperature, the smaller circulation ratio is needed for the maximal technical result achievement. From  data, given in examples 2-4, one can evaluate also effectiveness of the known combined extract and input crankcase ventilation with ambient air. As it is mentioned early (lines 101-104), the accepted air supply ratio (the ratio of air supply to crankcase gases supply values) in a crankcase is about 1, that corresponds  to the circulation ratio of crankcase gases through the Device around n=1. From fig. 11,15,16 one can judge about effectiveness of the combined extract and input crankcase ventilation under different ambient temperatures. From fig.16 (the curve C120) it is seen that the known combined extract and input crankcase ventilation under ambient air temperature +20 0С supplies the maximal technical result. Under 0 0 С water vapor condensation ends already for 7-8 minutes of warming-up (fig. 15,  curve C10). While under -25 0С condensation in the crankcase stops in 19-20 minutes of warming-up (fig.11 curve C1). Hence apparently, the claimed Device, during the Engine warming-up, has advantage over the known combined extract and input crankcase ventilation with ambient air only in low ambient temperature condition, about lower 10 0 С, especially under negative temperatures. 
Also, from given examples 2-4 one can see that circulation ratio increasing more than 32 is not effective owing to behavior  of dilute process (of crankcase gases KG with crankcase gases KGD, passed through the Device) in a flowing volume, which is a crankcase.  
Example 5. Estimation of the Device with the heated  channel 8 applicability for support of crankcase gases KG circulation through the Device by  stack effect (instead of the channel ventilation 16)  during the Engine start under the ambient air temperature -250С. 
As one can see from examples 2,3,4, the lower ambient air temperature during the Engine start , the more circulation ratio of crankcase gases through the Device is needed for achievement of the  maximal technical result - prevention of vapor condensation in the Engine crankcase. Therefore, let's evaluate possibility to supply crankcase gases circulation through the Device owing to chimney effect generation by the channel 8 heating.  The channel 8 can be heated, for example, up to 200оС, then  stack effect crankcase gases volume flow rate under different ambient air temperature according to formula (3a) and early accepted values 
k=0.65,

a=0.002 m2 (diameter of  channel 8 , cooler-trap 7 and channel 9 are accepted equal to 0.05 m ),

hc=1m,
is shown in fig.17 (the curve q200), from which one can see  the stack effect crankcase gases volume flow rate in the range of ambient air temperature between  -250С  and +250С is 0.168-0.150 m3/min (it is converted from m3/s to m3/min for correlation with  volume flow of crankcase gases v), what is equivalent to the circulation ratio of crankcase gases n=2.1÷2.4. From examples 2,3,4 and fig.15  one can see,  the Device, designed according the  scheme with  channel 8 heating, can effectively reduce water condensation in the crankcase 1 during the Engine start under positive ambient air temperature only. 
Example 6. Vapor of imaginary substance condensation reducing in the Engine (see tab.1) crankcase by means of the Device during  warming-up under the ambient air temperature           -250С.
Besides water condensation in the crankcase of an internal combustion engine, condensation of  unburned fuel vapor is undesirable. To give examples of fuel vapor behavior, analogous given examples of water vapor behavior in the Device,   present no  ability because of analogous data absence. Fuel  is a multicomponent mixture with a wide band of boiling-points, aggravated with different fractions burn down differently, and  unburned fuel composition may be a subject of  serious investigation, which, by the way, can be  carried out using the Device, as it will be shown later (see line 1150- 1154).  Let's show, that the investigation is not necessary for demonstration  of the Device efficiency in relation not only fuel, but also all substances, being in diphasic state in crankcase temperature  range, or, in other words, having dew point in the range. For that, let's draw  arbitrary dependence of imaginary substance concentration in vapor phase on dew point temperature, analogous the dependence for water in fig.7. The dependence is in fig.18, where  Cdpvir  is concentration of imaginary substance in gases under dew point temperature Tdpvir . Let's examine the Device work relatively this imaginary substance, analogously water in example 2 (the Engine warming-up under -25 0С). 
In fig.19 the curve Tkg25 (right coordinate axis ) is the Engine warming-up graphic under 

 -250С.
Let the imaginary substance dew point temperature in blow-by gases KGB be +400С, then by the graphic in fig.18 the substance concentration in blow-by gases is
С1 – 50g/m3,
 and in crankcase KGD after cooler-trap  7 (Tx=-250C)

 Cx=С0 = 3g/m3. 

The curve Ctrv is current substance concentration in crankcase gases KG during the Engine without  Device warming-up, it is plotted  according to the dependence in fig.18 for temperatures along the curve Tkg25 in fig.19.  .

 Then,   equation (5a) for current virtual value concentration of the substance  in crankcase gases KG takes on the form 
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Its numerical solutions:
Cv0      for       n=0;
Cv1       for       n=1;
Cv2        for      n=2;
Cv4        for      n=4;
Cv8        for    n=8;
Cv16      for     n=16;
Cv32      for     n=32;
are represented in fig.19, which is analogous to fig.11(relatively water), and can be analyzed by  the same way as in  example 2. So, by means of the Device one can  achieve the claimed technical result relatively to any arbitrary substance vapor, which has dew point in the considered temperature range of the crankcase.  
Example 7. Thermal design of the cooler-trap 7 parameters, needed for the maximal technical result achievement  in  example 2 conditions. 

In above given examples we have considered demands to vapor concentration changes in the Device  for the technical result achievement. Described vapor condensation processes in the cooler-trap 7 must be supplied by corresponding heat regime of the Device, whose function consists in crankcase gases KG cooling in the cooler-trap 7, what  results in condensate fall in it, and owing to that reducing dew point temperature of crankcase gases KGD, which, returning into the crankcase 1, dilutes crankcase gases KG, reducing their dew point temperature.   
At first, for orientation, let's consider an approximate crankcase heat balance during warming-up. During the Engine work, in crankcase shaking with crankshaft of the oil and crankcase gases  occurs, therefore, let's accept the oil and gases temperatures are equal.

Тkgb=2000С –  the blow-by gases temperature;
Tkg – current value temperature of the crankcase (crankcase gases KG and the oil);
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 the  specific heat of crankcase gases (practically coincides  for кg and for  m3);

[image: image26.wmf]0

1.67

êJ

Hol

êgÑ

=

×

  the specific heat of oil;
G=0.07kg/min – the mass flow of crankcase gases;
Gm~30kg – the oil mass.

Let's evaluate heat flows in the Engine crankcase during warming-up, for example, in the warming-up curve Tkg25 (see fig.11) section from 5 to 15 minutes, under the ambient air temperature -25 0 С. The mean crankcase temperature (the section of  curve Tkg25 is accepted by  linear) in the given time(10 min)  
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, where  
Тк5, Тк15 – are  crankcase temperatures  in 5 and 15 minutes, correspondingly, after the Engine start.
Then, over the considering  time interval (10 min), 
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 enters the crankcase 1 with blow-by gases KGB.
At the same time in the crankcase oil  
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is found.

So, obviously, heat enters  the crankcase in general by  contact transfer from heated parts of pistons, but not by blow-by gases.Still larger, the unaccounted here part of heat, is considered to be expended for warming of a metal and massive crankshaft and crankcase walls, it is obviously, that the heat flow with blow-by gases KGB is inessential for the crankcase heat regime. The circumstance makes easier further considering  the Device heat exchange, because it is obviously, that crankcase gases cooling in the cooler-trap 7 doesn't  practically have an effect on the crankcase 1 temperature.

The cooler-trap 7 must supply  crankcase gases KG cooling enough effective for vapor condensation  to rather low concentration values Сх  in the equation (5). This concentration is determined by crankcase gases KGD temperature value Тх (accordingly dependence in fig.7) in the cooler-trap 7 outlet. For  this temperature determination let's consider heat balance of the cooler-trap , whose scheme is shown in  fig.20. From the top of  cooler-trap 7, through the channel 8 the crankcase gases KG flow with rate Gs=0.001кg/s, temperature Tkg  and  specific heat 
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enters.

From the  cooler-trap 7 bottom, the flow of cooled and dried crankcase gases KGD, with the same specific heat and flow rate, but with temperature  Тх  exits. 
The cooler-trap transfers heat flow Q  to ambient air:
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, where
Q- heat flow , W;

K- heat transfer coefficient , W/m2 0C;

F- heat transfer area, m2;
τ- log-average difference of crankcase gases and ambient air temperatures during pass of the former through the cooler-trap, 0С:
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 (6), where
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 - the maximal and minimal temperature difference, accordingly;
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, where
Tkg  - current temperature value of crankcase gases KG, 0С;
Tar = -250С – the ambient air temperature, 0С;
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The heat flow, taken  by the cooler-trap from crankcase gases KG, is
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, where
 Hkg  - crankcase gases specific heat, J/кg 0С; 

n – circulation ratio of crankcase gases through the Device;

Gs – mass flow of crankcase gases, кg/s;
Tkg – current value of crankcase gases KG temperature (in the cooler-trap inlet), 0С; 

Tx – current value of crankcase gases KGD temperature in the cooler-trap outlet, 0С.

Let's suppose (supposing process heat transfer is stationary) that the heat flow, receiving from crankcase gases by the cooler-trap is equal to one,  giving  to ambient air:
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 Substituting the above expression of  
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(6) in the equation, let's solute it relative to Tx:
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  (7),
and relative to the heat load of  cooler-trap: 
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 (8).

It has been shown in example 2, that the maximal technical result (prevention of vapors condensation over the Engine warming-up under -250С) is possible under the circulation ratio of crankcase gases through the Device n=32 (the curve С32 in fig.11). Let's determine what is the maximum allowed for achievement of maximal technical result crankcase gases KGD temperature (let's term it  "critical"- Txcr)   in the cooler-trap outlet into  crankcase (under example 2 conditions and n=32 ). For that  at first let's determine " critical" vapor concentration Cxcr   after the cooler-trap (it is maximal water concentration in crankcase gases KGD in the outlet of  cooler-trap into crankcase, under which the maximal technical result  still achievable). From fig.11 it is shown, that the curve С32, whose values are gotten from equation (5), must be lower the real vapor concentration Ctr , i.e. С32≤ Ctr.  Substituting in  equation (5) instead С - Ctr , and instead Cx - Cxcr , we get the equation 
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 (9),
whose solution relative to Cxcr is
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  (9а).
Substituting here numerical values  Ctr  from fig.11 and pointed above for example 2  C0 and C1  under n=32 
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 (9б),
we get current critical for achievement the maximal technical result values of water concentration in crankcase gases KGD after the cooler-trap Cxcr, represented in fig.21 together with real water concentrations Ctr in crankcase gases KG.  As one can see from fig.21, for the maximal technical result achievement, it is  necessary current water concentration in gases KGD after the cooler-trap values to be some less of current water concentration in crankcase gases KG values Ctr . As considering current values of concentration are close, they are  also represented in more expressive numerical form in table 3.
Tab.3. Critical  for the maximal technical result achievement water vapor concentration values Cxcr in crankcase gases KGD, corresponding them critical temperatures Txcr of crankcase gases KGD, critical values of  cooler-trap heat load (KF)cr in the specific case the Engine warming-up  under  ambient air temperature -250C  and  circulation ratio n=32. The rest symbols and dimensionalities   see in tab.2.
	t
	Ctr
	Cxcr
	Tkg25
	Txcr
	(KF)cr

	0
	0.6
	0.6
	-25
	-25
	0

	5
	3.4
	1.49
	-5
	-15.5
	24.3

	10
	11
	9.31
	12.1
	9.7
	2.2

	15
	20
	18.60
	23.3
	20.9
	1.7

	20
	35
	34.1
	34.5
	32.0
	1.4

	25
	49
	48.5
	40.5
	38.5
	1.0

	30
	65
	65
	45.3
	45.0
	0.14


Comment: curves Tkg25 and  Txcr are phase transfer lines, i.e. dew point temperatures . 

By searched out by  equation (9b) values of critical water vapor concentrations Cxcr  in crankcase gases KGD after the cooler-trap 7, from the dependence of dew point temperature Tdp on water concentration Cdp , shown in fig.7,  we determine critical temperature  values  (biggest temperatures under which the maximal technical result is still possible) Txcr (tab.3) of crankcase gases KGD after the cooler-trap 7.
Substituting in the equation (8) evaluated Tx=Txcr ,

Hkg =1020 J/кg 0С – the specific heat of crankcase gases  and
Gs=0.001 кg/s (0.07кg/min)- the mass flow of crankcase gases ,
n=32,
 we evaluate critical values of heat load (KF )cr  for different time t from the Engine start (see tab.3). How one can see from the table, the maximal heat load (and so heat transfer area) of  cooler-trap 7 for the maximal technical result achievement is required at the warming-up beginning, and amounts for specific conditions of example 2 about 25W/0С. It is obvious, that  for the maximal technical result achievement (vapors condensation prevention) at the Engine warming-up beginning,  the cooler-trap with heat load no less  25W/0С is needed . However, from  tab.3 also one can see, that already after 10 minutes of the Engine warming-up, for complete water condensation prevention, the cooler-trap with heat load KF in 10 times  less is enough. So, the claimed technical result (reducing vapors condensation in the crankcase )  can be achieved even under smaller heat load, for example, under in 10 times less heat transfer area (F=0.04m2), or under smaller heat transfer coefficient  K=9 W/m2 0С . At the same time, however, some water quantity condenses in the crankcase in the beginning of warming-up. So, claimed technical result is accessible in a wide range of the cooler-trap parameters. Easily determined criterion of the cooler-trap heat load KF sufficiency is crankcase gases KGD temperature Tx (specifically Tx32), which is determined  by a known method: maximal result is achieved, then the temperature Tx32  is lower critical one in fig.22:
Tx32<Txcr.
The exponent index in equation (7) 
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contains the all values, necessary for technical result achievement. Above, we have just now showed that for the maximal technical result achievement under specific conditions of example 2 (under (KF)cr=25 (see tab.3)) the index must be about  
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From this exponent index value -0.77, supplying the maximal technical result achievement in specific example 2, one can scale conditions of the maximal technical result achievement under start conditions (-250С) from the Engine to others engines. Specific heat of crankcase gases Hkg of various engines is known to vary very slightly, and it can be assumed constant, as in the example – 1020J/кg 0С; crankcase gases KG temperature is also about  1000С, then  expression (10) takes the form:
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from which 
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,  W/0С, (11)
So, by equation (11) one can approximately determine the cooler-trap heat load, which is necessary  for the maximal technical result achievement under a specific engine warming-up from -250С, by known or easily determined  (Crankcase Ventilation, Systems Application and Installation Guide,2009 Caterpillar, http://blanchardmachinery.com/public/files/docs/PowerAdvisoryLibrary/CatAppInstGuide/Crankcase%20Ventilation.pdf)  crankcase gases flow rate Gs. Selection ever K and F ratio is a matter of standard thermalphysic task and the engine and the Device composition.  
Example 8.  The cooler-trap of specific construction (see fig.20) realization for the maximal technical result achievement under example 2 conditions.
The scheme of specific construction cooler-trap  is shown in fig.20. The cooler-trap 7 is the thin-walled (wall thickness is 0.15-0.20 mm) sylphone, maid from a copper alloy (tombac or semi-tombac), inner diameter is d=0.05m,  outer one is D=0.07m,  corrugation corner α=600, height hc=1m, heat transfer area F=0.38m2 , heat transfer coefficient К=90W/m2 0С , heat load K∙F= 34W/0С. 
Utility of the cooler-trap realization  in a sylphon form is determined by lay-out considerations: under predetermined space for the Device arrangement one can vary its form and value of heat transfer area (for example to lie it in a snake form, or to vary the corrugation corner ).  
The inlet of crankcase gases KG with current temperature Tkg, specific heat Hkg=1020 J/кg 0С, mass flow rate  Gs=0.001 кg/s  (G-0.07кg/min)  is from the top. The outlet of dried crankcase gases KGD with current temperature Tx , with the same specific heat and flow rate is from the bottom.  
For condition of example 2 (ambient air temperature is Tar=-250C) current during the Engine warming-up temperature values of dried crankcase gases KGD  accordingly equation (7) are
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and are represented in fig.22 under different circulation rates of crankcase gases n:
Tx1 under n=1;
Tx2 under n=2;
Tx4 under n=4;
Tx8 under n=8;
Tx16 under n=16;
Tx32 under n=32.

How one can see in fig.22, under circulation rates up to 8, crankcase gases  have time to cool down in the cooler-trap almost to the ambient air temperature -25 0С along all the Engine warming-up duration, and all written above in  example 2 (there we assume the gases temperature in the outlet from  cooler-trap to be the ambient air temperature) for these cases isn't needed in a correction. While under circulation ratios more 8, crankcase gases  don't have time to cool down in the cooler-trap  to the ambient air temperature. However, the temperature curve of crankcase gases after cooler-trap 7 Tx32 (n=32 is the condition for the maximal technical result achievement  during the Engine warming-up from -250С) lies lower  critical (for n=32) temperatures Txcr , i.e. the above (lines 1036-1040) stated condition of cooler-trap heat load sufficiency for the maximal technical result achievement is satisfied. One can make sure in this additionally, considering straightly current water concentration values in crankcase gases.
   For that, by temperature Tx32 (fig.22) values let's determine corresponding water concentrations Cx32r  after the cooler-trap 7 by the dependence in fig.7 and, substituting them in equation (5) (Cx=Cx32r), get the curve C32r=C (fig..23) of current water concentrations in crankcase gases KG during the Engine warming-up under pointed conditions. In fig.23 the curve Ctr of water saturated vapor concentrations in crankcase gases KG during the Engine without  Device warming-up (see example 2) and the curve C32r  of water saturated vapor concentrations in crankcase gases KG during the Engine, equipped with the Device with above pointed (see fig.20) features under the crankcase gases circulation ratio n=32, are represented.  From fig.23 one can see the curve C32r , which shows real water current concentrations in crankcase gases KG during the Engine, equipped with the Device, warming-up, lies lower the curve Ctr of saturated vapor current concentrations in crankcase gases during the Engine without  Device warming-up, therefore, there is not condensation, i.e. the maximal technical result in this specific case is gotten under crankcase gases KGD after cooler-trap temperatures  Tx32  some higher the ambient air temperature Tar , too. 
Earlier ( example 2) it has been shown that the crankcase gases circulation n=32 is needed  for the maximal technical result getting under the Engine cold (from -250С) start, on the other hand it has been shown (see fig. 13,14), that  increasing the circulation ratio more 32 is inefficient. Therefore, it is expediently to assume the maximal circulation rate for 32. At that crankcase gases volume flow rate amounts 0.070х32=2.2 m3/min (134 m3/h) for the Engine.  Such discharge can be supported by an analog of a known channel ventilator for combustion gases, for example, the channel ventilator ВК-200 of firm ВентТехком (RU) with volume flow rate 200 m3/h and power capacity 42W (http://www.ventech.ru/info/prod/vk200/). The maximal gases flow line speed (under n=32 ) in the cooler-trap (inner diameter is 0.05m) is 18.5 m/s and is within the standard for air cooler range up to 25 m/s.
Above given heat evaluations are based on some coarse assumptions, which is common for new heat apparatus designing, which, therefore, always provides for their experimental testing. It is expediently to test the Device under  low ambient air temperature (for example 
-250С),  as from engines using practice, as well as from above given examples 2,3,4 it is seen the lower ambient air temperature during an engine start, the more condensation, and a technical result from the Device using is more expressed. For the Device capacity for work testing, or, in other words, for demonstration of technical result  objective character, one can propose at least three versions, each separately or in their combination. 
Version 1. Water content in the fresh oil, that  is filled in the crankcase of an engine or without the Device, or with the deactivated Device, is determined by a known way (for example, Колунин А.В. "Влияние низких температур окружающей среды на периодичность технического обслуживания силовых установок дорожных и строительных машин", дисс., Омск, 2006), the engine is started under ambient air temperature (for example -250С), is warmed-up to dew point temperature of blow-by gases KGD (for example +450С), is stopped, the oil sample is sampled (one can sample during warming-up with some time step) and  water content in it is determined, the condensate total quantity fallen in the crankcase is evaluated. 
 The same is done with the engine, equipped with the Device, and  condensate quantities received in the cases are compared. Absence of condensate in the oil is criterion of the maximal technical result achievement.  Difference value between the condensate quantities  characterizes  the power fullness of technical result achievement. For one increasing it should to return to the Device design and to increase cooler-trap heat load KF, increasing its area, or varying its placing   for more intensive blowing with ambient air. 
Version  2.The pipe 18 is detached from the condensate evaporator 17 (see fig.2) or from the condensate buffer unit  21 (see fig.3) and  pinched  with a clamp (for example Moor's clamp), the engine is warmed as in  example 2 and stopped. The condensate 13 is discharge, opening the clamp, in a vessel, its quantity is measured and , possibly, composition (water and fuel) is determined. It is obviously the Device reduces vapor condensation in the crankcase for that quantity. The condensate quantity  in the engine crankcase without the Device, determined in version 1, is compared with the condensate quantity, collected in the cooler-trap. About the maximal technical result achievement,  equality of the quantities  indicates. The less part,  collected in the cooler-trap condensate, composes from the total condensate quantity in crankcase without the Device, determined by version 1, the less effectively the Device works. It should to return to its designing and to increase  heat load  K∙F.  Also, one can withdraw these data interactive, sampling the condensate during warming-up.  
Version 3. A development type of the Device is set on an engine, with the sectional channel 4 after oil catcher 6 (see fig.2,3),  in the parting a dew point of  combustion gas measuring element, for example, Vaisala DRYCAP® Dewpoint Transmitters DMT345 (http://www.vaisala.com/en/products/dewpoint/Pages/DMT345_346.aspx ) is set.Through the crankcase oil-level gage hole a temperature sensor is set (standard sensors of  engine oil temperature are usually not sufficiently precision for the purpose ). The engine is started under selected temperature, for example, -250С, and crankcase temperature values and dew point temperatures of crankcase gases is read simultaneously. By gotten data, crankcase gases temperature and dew point temperature dependences on warming time are  plotted. The dew point temperature lower the crankcase temperature at the same time is the criterion of condensation absence in the time moment. 
 Availability of the time (most probably in the beginning of warming-up), where the dew point temperature is equal to the crankcase gases temperature, is  the criterion of some condensation possibility in the time. For full elimination of condensation the heat load K∙F of  cooler-trap should be increased by  design and lay-out actions. 
So, the technical result, achieved by means of claimed Device, consists in reducing, up to prevention in specific cases, of condensation in  engine crankcase of vapor substances, having dew point, i.e. being in two phase state in considering range of crankcase temperatures.  
The technical result is achieved owing to vapors cooling by ambient air, condensation and temporal accumulation of the condensate in the cooler-trap, but not in the crankcase. 
The reducing of  vapor condensation in crankcase decreases known  engine surplus tearing during its starts. It is solved the problem of so called "short trips", where, as a result of short work cycles of the engine, under frequent cooling and warming accompanied with vapor condensation, dramatic water accumulation in the oil occurs up to  level, when the oil is considered to be useless.
The principal singularity, supplying the maximal technical result achievement by the claimed Device, in comparison with a known combined extract and input crankcase ventilation, is the Device  autonomy, absence of its work connection with the engine air-fuel  system. For example, when the engine has stopped, the Device works, and the ventilation system doesn't already. During the engine warming-up (no-load running), the Device works, and the crankcase ventilation almost no – the crankcase ventilation valve is closed. In the warming-up period,  the intensive gases flow through the Device, required for the maximal technical result achievement, passes through the closed contour,  as it would be  within the crankcase, and therefore the gases flow doesn't remove oil into the engine  inlet manifold, and doesn't affect on a delicately tempered process of air-fuel mixture preparing in  gasoline engines.  
The Device has been considered in relation to engines with closed system of crankcase ventilation. For engines with open system of crankcase ventilation (not actual now), there is no any singularity of the Device using. 

CLAIMS.
1.The device for vapors condensation reducing in the crankcase of an internal combustion engine, comprising  the cooler-trap for cooling crankcase gases passing through it, condensation of the said vapors from them and collection of their condensate, representing the flowing for crankcase gases reservoir cooled by ambient air, connected to the top of crankcase by the inlet channel for input of heated crankcase gases and the outlet channel for output cooled and dried gases into the crankcase.
1.Устройство для уменьшения конденсации паров в картере двигателя внутреннего сгорания,  включающее 

холодильник - ловушку  для охлаждения проходящих через него картерных газов,  конденсации из них упомянутых паров и сбора их конденсата, представляющий собой охлаждаемую окружающим воздухом проточную для картерных газов емкость, подсоединенную к верху картера входным каналом для подачи в неё  нагретых картерных газов  и выходным каналом для возврата из неё охлажденных и осушенных газов  в картер.

2. Устройство по п.1, отличающееся тем, что  канал для подачи нагретых картерных газов в холодильник ловушку  дополнительно снабжен маслоулавливающим устройством.
2. The device of claim 1, wherein the said inlet channel for input of heated crankcase gases into the cooler-trap is additionally equipped with an oil catcher.
3. Устройство по п.1, отличающееся тем, что вход канала для подачи картерных газов   в холодильник ловушку располагается сверху последнего на максимально возможной по условиям компоновки двигателя высоте от верха картера, а выход  канала для возврата охлажденных и осушенных газов в картер - снизу холодильника-ловушки  для возникновения достаточной самотяги картерных газов в термоциркуляционном контуре, образованном горячим  (канал для подачи горячих картерных газов в холодильник-ловушку) и холодным (холодильник-ловушка в совокупности с выходным каналом для возврата охлажденных и осушенных картерных газов в картер) коленами.
3. The device according to claim 1, characterized in that the said inlet of the channel for input of heated crankcase gases into the cooler-trap is on the top of the last at the maximum possible by performance capabilities height from the crankcase top, and the outlet of channel for output of cooled and dried gases into the crankcase - from the bottom of cooler-trap, for formation sufficient stack effect of crankcase gases in the thermocirculation circuit formed with the hot (the channel for input of heated crankcase gases into the cooler-trap) and cold (the cooler-trap and the channel for output of cooled and dried gases into the crankcase) bends.

4. Устройство по п.1, отличающееся тем, что канал для подачи нагретых картерных газов в холодильник ловушку выполнен или теплоизолированным, или обогреваемым, или теплоизолированным и обогреваемым.
4. The device of claim 1, wherein the said channel for input of heated crankcase gases into the cooler-trap is made as or heat-insulated, or heated, or heat-insulated and heated.

5. Устройство по п.4, отличающееся тем, что в частном случае канал для подачи нагретых картерных газов в холодильник ловушку выполнен внутри блока цилиндров от верха картера до верха блока цилиндров, где он подсоединяется к верху холодильника ловушки.

5. The device of claim 4, wherein in a special case the said channel for input of heated crankcase gases into the cooler-trap is performed within the cylinder block from the top of crankcase up to the top of cylinder block, where it is connected to the top of cooler-trap.
6.Устройство по п.1, отличающееся тем, что дополнительно включает канальный вентилятор, установленный в выходном канале холодильника-ловушки,  создающий во время прогрева двигателя поток охлажденных и осушенных картерных газов  из холодильника-ловушки в картер, приводимый в действие от сети бортового электропитания и отключаемый при достижении заданной температуры в картере. 
6. The device according to claim 1, characterized in that  it additionally involves the channel ventilator, placed in the cooler-trap outlet channel for output of cooled and dried gases into the crankcase, producing during engine warming-up the cooled and dried flow of crankcase gases from the cooler-trap into the crankcase, put in action by a board power-supply source and switched off when the crankcase temperature runs up to the set value.

7. Устройство по п.6, отличающееся тем, что канальный вентилятор обеспечивает кратность циркуляции картерных газов, равную отношению объемной скорости прохождения картерных газов через холодильник ловушку к расходу картерных газов  от 1 до 32. 


7. The device of claim 6, wherein the said channel ventilator supports the ratio of crankcase gases circulation through the cooler-trap, equal to the ratio of crankcase gases flow through the cooler-trap to the crankcase gases flux from 1 to 32.
8.Устройство по п.1 отличающееся тем, что холодильник-ловушка выполнен в виде сосуда с развитой поверхностью  из хорошо теплопроводящего тонкостенного материала и имеет в своей нижней части достаточный объем для вмещения конденсата паров.
8. The device of claim 1, wherein the said cooler-trap is made in a form of the vessel with developed surface from a high heat-conducting thin-walled material and has in its bottom part the volume enough for vapors condensate imbedding.
9.Устройство по п.8, отличающееся тем, что  достаточный объем для вмещения конденсата достигается размещением верхнего конца канала для возврата охлажденных и осушенных газов  в картер из холодильника-ловушки  внутри последнего на расстоянии от его дна, достаточном в совокупности с площадью поперечного сечения холодильника-ловушки для образования упомянутого объема.

9. The device of claim 8, wherein the enough volume for vapors condensate imbedding is achieved by arranging the top end of outlet channel for output of cooled and dried gases into the crankcase from the cooler-trap within the last, on the distance from its bottom enough for forming of the mentioned volume in the aggregate with cross-section area of the cooler-trap.
10. Устройство по п.8, отличающееся тем, что холодильник-ловушка выполнен  в виде тонкостенного сильфона  или круглого, или прямоугольного поперечного сечения.

10. The device according to claim 8, characterized in that  the said cooler-trap is made in a form of the thin-walled silphon, with or circular, or rectangular cross-section.
11. Устройство по п.10 отличающееся тем, что тонкостенный сильфон армирован проволочными кольцами, проложенными по углублениям между гофрами.
11. The device of claim 10, wherein the said thin-walled silphon is armored with wire rings put in the V-type ditches between the flutes.
12. Устройство по п.8, отличающееся тем, что холодильник ловушка снабжен  распределителем потока входящих в него нагретых картерных газов, направляющим этот поток вдоль по стенкам сосуда.
12.The device of claim 8, wherein the cooler-trap is equipped with a flow distributor of entering heated crankcase gases, directing the flow down vessel walls.

13. Устройство по п.1, отличающееся тем, что в частном случае дополнительно включает испаритель конденсата, выполненный в виде проточной для картерных газов емкости, встроенной в канал для подачи картерных газов из картера во впускной коллектор двигателя между маслоулавливающим устройством и клапаном вентиляции картера и соединенной с нижней частью холодильника ловушки трубкой для стока конденсата из холодильника ловушки в испаритель, где конденсат испаряется при работе двигателя за счёт тепла картерных газов и в их составе подается во впускной коллектор двигателя. 
13. The device of claim 1, characterized in that  in a special case it additionally includes the condensate evaporator made in a form of the flowing for crankcase gases reservoir built into the channel for input of crankcase gases from the crankcase into the engine inlet manifold between the oil catcher and the crankcase ventilation valve, connected to the bottom of cooler-trap with a pipe for condensate drain from the cooler-trap into the evaporator, where the condensate is evaporated during the engine run by heat of crankcase gases and with the last enters  the engine inlet manifold.
14. Устройство по п.13, отличающееся тем, что испаритель конденсата выполнен в виде теплоизолированной снаружи емкости.

14. The device of claim 13, wherein the said condensate evaporator is made in a form of the vessel with outside heat insulation.
15. Устройство по п.13, отличающееся тем, что вход в испаритель конденсата канала для подачи картерных газов  во впускной коллектор  двигателя  выполнен в виде  патрубка из теплопроводящего материала, конец которого располагается внутри испарителя конденсата на расстоянии от его дна, достаточном в совокупности с площадью поперечного сечения испарителя для вмещения конденсата.
15.The  device of claim 13, wherein the inlet of channel for the crankcase gases input from the crankcase into the engine inlet manifold into the said condensate evaporator is made in a form of a heat-conducting pipe, whose end is arranged within the condensate evaporator on a distance from its bottom enough in aggregate with cross-section area of the evaporator for the condensate imbedding.
16. Устройство по п.15, отличающееся тем, что над концом теплопроводящего патрубка установлен экран  для направления входящего в испаритель потока картерных газов на поверхность конденсата, находящегося в испарителе конденсата.
16.The device of claim 15, wherein a baffler is arranged over the heat-conducting pipe end for turning of the inlet flow of crankcase gases entering the evaporator to the surface of condensate, placed in the condensate evaporator.
17. Устройство по п.1, отличающиеся тем, что в частном случае дополнительно включает накопитель конденсата, представляющий собой ёмкость с объемом, достаточным для вмещения конденсата, соединенную трубкой для стока в неё конденсата с нижней частью холодильника-ловушки,  закрепленную на верхней стенке картера теплопроводящим соединением, теплоизолированную сверху  и соединенную с внутрикартерным пространством через клапан, открываемый от датчика температуры в картере при достижении последней рабочего значения, после чего накопленный и растаявший конденсат поступает в прогретый картер, где испаряется и в составе картерных газов поступает во впускной коллектор двигателя.
17. The device according to claim 1, characterized in that in a special case it additionally involves the condensate buffer unit, that is the reservoir with enough volume for condensate embedding, connected to the bottom of the cooler-trap with a pipe for the condensate draining from the cooler-trap into the condensate buffer unit, attached at the crankcase top with a heat-conducting join, heat-insulated from above and connected to the crankcase through the valve, which is opened by a sensor of crankcase temperature, when it runs up to the set value, after which the collected and melted condensate enters the warmed-up crankcase, where it is evaporated and enters the engine inlet manifold as crankcase gases constituent.
РЕФЕРАТ.

Устройство для уменьшения конденсации паров в картере двигателя внутреннего сгорания.

Изобретение относится к машиностроению и может быть использовано в моторостроении.

Технический результат, состоящий в уменьшении вплоть до предотвращения конденсации паров в картере двигателя внутреннего сгорания, достигается в результате удаления паров из картерных газов, циркулирующих по контуру картер 1-канал 8-холодильник-ловушка 7 -канал 9- картер 1, путем  конденсации паров в холодильнике-ловушке 7, охлаждаемом окружающим воздухом. Циркуляция картерных газов KG по указанному выше контуру происходит благодаря самотяге в этом контуре  в период остывания двигателя после остановки и  работе канального вентилятора 16 во время запуска и прогрева двигателя.

Конденсат 13 по трубке 18 перетекает из холодильника-ловушки 7 в накопитель конденсата 21, откуда через клапан 22, открываемый при рабочей температуре, попадает в прогретый картер 1, где испаряется,  и пары в составе картерных газов KG поступают во впускной коллектор 3.

З.п.-16, илл.23, таб.3

Референт С.М.Кузьмин.
SUMMARY.

 DEVICE FOR VAPOR CONDENSATION REDUCING IN СRANKCASE oF INTERNAL COMBUSTION ENGINE.

The invention relates to engineering industry and may been used in motor industry.

The technical result, consisting of reducing to the extent of prevention of vapors condensation in  the crankcase of an internal combustion engine, is reached by means vapors removing  from the crankcase gases, that circulate in the circuit: crankcase 1 – channel 8 – cooler-trap 7 – channel 9 – crankcase 1, by means of vapors condensation in the cooler-trap 7, cooled  by ambient air. The crankcase gases (KG) circulation in the pointed above circuit is the result of  stack effect in the circuit during the engine cooling down after stop and the result  of the channel ventilator 16 running in the time of engine starting and warming-up.
The condensate 13 flows down from the cooler-trap 7 through the tube 18  to the condensate buffer unit 21,  from which through the valve 22, opening under working temperature, to the warmed-up crankcase 1, where turns into  vapors, which, as crankcase gases (KG) constituent enters  the engine inlet manifold 3.
17 Claims, 23 Drawings, 3 tables
Reviewer S.Kuzmin.
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