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The need for improvements in fuel quality and in the efficiency of fuel utilization is becoming more and 
more urgent, owing to the rapid growth in fuel consumption, the need for  developing new types of fuels, and 
the increasing dependence of advances in equipment design on fuel quality and on rational utilization of the 
fuel. Of extreme importance in the national economy is the matter  of curtailing the number of products and 
unifying the various fuel grades,  part icularly for  diesel engine fuels. 

Diesel fuels are  currently produced in eight grades in accordance with two standards, for  use in differ-  
ent engines under various conditions. Grades L, Z, Zs, and A are  covered by the standard GOST 305-73,  and 
grades DL, DZ, DA, and DS by GOST 4749-73. The existence of two standards complicates the planning of 
fuel production and the distribution, storage, t ransport ,  and supply of fuels to the consumers,  and may not at 
all ra re ly  leads to cross-hauls .  Fuels conforming to GOST 305-73 are  divided into two groups according to 
sulfur content, the f i rs t  containing up to 0.2% and the second from 0.21 to 0.5%; fuels conforming to GOST 
4749-73 are limited to 0.2% sulfur. A certain quantity of diesel fuel is produced with sulfur contents up to 1%. 

The widespread use of hydrotreating processes  has made it possible to lower the sulfur content in GOST 
305-73 diesel fuels produced from medium-sulfur crudes down to the level of 0.2-0.5%. The increased pro-  
cessing of medium- and high-sulfur crudes has made it necessary  to hydrotreat  fuels produced to meet GOST 
4749-73. Currently,  94% of all diesel fuels are produced with sulfur contents no higher than 0.5%, and 85% of 
these fuels have sulfur contents below 0.2%. The resources  of crude oils that can be used to produce fuels 
meeting GOST 4749--73 are extremely limited; the production of these fuels has dropped off very sharply, 
current ly amounting to only 2.5% of the total diesel fuel production, with prospects of a fur ther  drop. 

Diesel fuels produced to meet GOST 305--73 and GOST 4749-73,  part icular ly those with sulfur contents 
below 0.2%, are  no different f rom each other in basic physicochemical quality indices, end-use, or  service 
propert ies .  As shown by many years  of experience in application of these fuels, ei ther will provide normal 
and reliable operation of diesels as in automotive vehicles, t rac tors ,  locomotives, and ships, and are  also 
suitable for  use in gas turbines. In tests on the operating life of one of the highest-performance high-speed 
t ransport  diesels,  using DZ fuel (GOST 4749--73) or Z (GOST 305--73) with a sulfur content below 0.5% in the 
lat ter  fuel, no differences in te rms of fuel effects on parts  wear or  on engine deposits could be detected~ The 
results f rom these tests ,  the actual values of the physicochemical quality indices (Table 1), and data on ex- 
tended storage of fuels under real is t ic  conditions have led to the conclusion that fuels conforming to GOST 
305--73 and GOST 4749--73 are  equivalent. 

According to the requirements of GOST 4749-73, fuel that is used in specially designed diesels has a 
more severe requirement on flash point and cetane number (DS grade). However, as shown by actual tes t  re- 
sults, diesels of these types can be operated successfully on summer-grade  diesel fuel with sulfur content 
below 0.2% and flash point no lower than 61~ hence the re  is no justification for  any future production of a 
separate grade of fuel. Thus, at the present  time there  is no need and no economic justification for  the p ro -  
duction of diesel fuel to meet two different standards. 
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TABLE 1. Characterist ics of Diesel Fuels Conforming GOST 
4749-73 and GOST 305-73,  as Determined by Qualification Test  
Sequence 

Characterist ic 

Cetane number 

Distillation, ~ 
50% 
96% 

Viscosity at 20~ mm2/sec 

Flash point, ~ 
Sulfur content 

total sulfur, mass % 
in group 1 fuel 
in group 2 fuel 

mercaptan sulfur, mass % 
Existent gum content, mg/100 ml 
Temperature ,  ~ Max. 

solid point 
for  summer 
for  winter 
for  arct ic 

cloud point 
for  summer 
for  winter 
for  arct ic 

Carbon residue of 10% bottoms,% 
Ash content, % 

Diesel fuel 

GOST 4749-73 GOST 305-73 

45-57 45-55 
(50for DS) 

255-290 
340-360 
1.5-6 
4.5-8 

(for DS) 
35-36 

(90for  DS) 

0.05-0.2 

0.0001-0.1 
30-60 

240-280 
330-360 
1.5-6 

30-61 

0.05-0.2 
0.21-0.5 

0.0001-0.1 
30-40 

--i0 
--45 
--60 

-I0 
From--45 to --35 

--55 

--5 - 5  
--35 From --35 to "25  

Not stand trdized 
0.01-0.3 0.01-0.3 
0-0.01 0-0.01 

In other countries, diesel fuels are  being produced and used in three or four grades. In most countries,  
two grades of fuel are  being used, with significant gradations in low-temperature propert ies  depending upon 
the season of the year  and the area in which the fuels are used [1]. An NATO specification calls for  a unified 
fuel grade F-75 that can be used year-round in high-speed diesel engines (including marine diesels) in areas 
in medium latitudes. Diesel engines in all climatic zones of the USSR can be operated successfully on one of 
three grades of diesel fuel: DL summer grade for  a i r  temperatures  down to 0~ DZ winter grade for  a i r  
temperatures  down to -20~ and DA arct ic  grade for temperatures  down to -50~ For  the most effective 
utilization of low-power diesel fuels, the solid point of winter-grade diesel fuel may be anywhere from -35  to 
-45~ depending on the requirements of the user .  

According to calculations performed by economists [2], the demand for  winter-grade diesel fuel with a 
solid point of -35~ is at least 37% of the total demand for  winter-grade diesel fuels, and the demand for  fuel 
with -45~ solid point is 63% of the total. In o rder  to fully satisfy the demands of users  for  winter-grade die- 
sel fuel, the growth rate in the production of this material  must be 1.7-2.5 times that for  summer-grade fuels. 
In the immediate future, however, despite the introduction of Parex zeolite dewaxing units, a shortage of win- 
t e r  diesel fuels will be experienced. The demands of the western,  central ,  and eastern regions of the country 
for  fuel can be met more fully by the wintertime use (at temperatures  down to -15~ of summer-grade diesel 
with the pour-depressant  additive V]~S-238. The results of test-stand and service evaluations performed in 
manufacturing plants, equipment testing stations, and collective farms have demonstrated the feasibility of 
using such fuel in areas in the temperature  climatic zone. The addition of the pour-depressant  ~o the fuel p ro-  
vides flexibility in production and in the output of diesel fuels with good low-temperature propert ies;  also, the 
pract ice of diluting diesel fuels with kerosine can be eliminated. If this changeover can be made, then the 
standard winter-grade diesel fuel will be used only in districts with cold climates such as Altai, eastern Si- 
beria ,  and the northern ural  area.  The additional supply of winter-grade diesel fuel to these distr icts  will 
amount to about 30% of the total volume of these fuels produced. 
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TABLE 2. Specif icat ions fo r  Cer ta in  Fore ign  
Diese l  Fuels  

2. 

~a 

NA TO 

F-75 F-76 

Gr. Britain d. Gem 

Cetane numbe: 
MAn 

% distilled be- 
low 35TC 

Viscosity at 
37.8~ 
mm~fsec 

Sulfur content, 
fro, Max. 

Flash point, ~ 
Min. 

45 47 

90 90 

- -  1 , 8 - - 7 , ~  

1 1 

56 66 

47 

90 

,8--7,[ 

I 

66 

45 

9O 

1 , 6 - - 5  

57 

45 ] 45 

90: 90 

7,8 1,8--10 

0,7 

54 55 

As a r e su l t  of the g r e a t e r  number s  of engine-powered  equipment  operat ing in the, USSR, the product ion 
of d iese l  fuels during the pas t  seven y e a r s  has  inc reased  by a f ac to r  of 1.5. In connection with the future  d ie -  
se l iza t ion of the automot ive  vehicle  f leet ,  the demand fo r  these  fuels will  i nc rease  by a f ac to r  of 1.7-1.9 in 
c o m p a r i s o n  with the p r e s e n t  demand.  These  demands  can be sa t is f ied  by ra i s ing  the fuel end point to 380- 
390~ in line with d iese l  fuel  speci f ica t ions  in m o s t  European countr ies  and the NATO specif icat ion (Table 2). 
The i nc r ea se  in the end point of the d iese l  fuel  will  involve ce r t a in  changes in o ther  p rope r t i e s .  The 50% d i s -  
t i l la t ion point will  be  l imited to a 290~ m a x i m u m  instead of 280~ and the 90% point to a 360~ m a x i m u m  in-  
s tead of 330-340~ the solid point no h igher  than 5~ instead of 0~ the existent  gum content will be  
l imited to a m a x i m u m  of 50 rag/100 ml  instead of 40 rag/100 ml; and the f i l te rabi l i ty  f ac to r  will be l imited to 
a m a x i m u m  of 5 instead of 3. 

The addit ional  product ion of d iese l  fuel  when the end point is r a i s ed  will amount  to 3-5% of the to ta l  out- 
put of s u m m e r - g r a d e  d iese l  fuel in many re f ine r i e s .  In view of the cons iderab le  i nc rea se  in re la t ive  con- 
sumpt ion of d iese l  fuels  with h igher  cetane number s ,  and in view of ce r t a in  p rov is ions  that  a r e  made fo r  cold-  
s t a r t ing  d iese l  engines,  in p a r t i c u l a r  by the use  of f l ame  prehea t ing  of the a i r ,  the cetane n u m b e r  specif icat ion 
fo r  win te r  and a rc t i c  d iese l  fuels m u s t  be reduced to 40. This will make  it poss ib le  to e l iminate  the use  of 
i sopropyl  n i t r i te  addit ive,  which i n c r e a s e s  the ca rbon  res idue  and lowers  the f lash point of the fuel. Moreover ,  
when winter  and a r c t i c  fuels  a r e  used,  a reduct ion of cetane n u m b e r  f r o m  45 to 40 shows v e r y  litt le effect  on 
the s ta r t ing  of modern  t r a n s p o r t  d iese l s  at subfreez ing t e m p e r a t u r e s .  

The increas ing ly  s e v e r e  r equ i r emen t s  on d iese l  fuel quality can be met  to a cons iderab le  degree  by the 
use  of addi t ives.  In the cu r r en t  development  s tage a r e  ce r t a in  mult ifunctional  addi t ives ,  as well  as addit ives 
to improve  the combust ion  p r o c e s s ,  pumpabi l i ty ,  p ro tec t ive  p r o p e r t i e s ,  and stabi l i ty  of d iese l  fuels .  

In the new s tandard ,  it will  be des i r ab le  to reduce the number  of p rope r ty  indices that  mus t  be d e t e r -  
mined.  In p a r t i c u l a r ,  the p r e s e n t  s tandards  cal l  fo r  the de te rmina t ion  of th ree  di f ferent  p r o p e r t y  indices to 
c h a r a c t e r i z e  the degree  of d iese l  fuel c leanl iness :  the wa t e r  content in accordance  with GOST 2477-65 ,  the 
content  of solid contaminants  in accordance  with GOST 6370-59 ,  and the-f i l te rabi l i ty  f ac to r  in accordance  
with GOST 19006--73. 

The f i l t e rab i l i ty  f ac to r  re f lec t s  the influence of the o ther  two quality indices,  and it c o r r e l a t e s  well  with 
s e r v i c e  p r o p e r t i e s  that  de t e rmine  the f i l t e r  e l emen t  life. Numerous  studies of the causes  fo r  p r e m a t u r e  plug-  
ging of f i l t e r  e lements  in d iese l  engines ,  these  s tudies having been c a r r i e d  out at  TsNITA [Central  Scient i f ic-  
R e s e a r c h  and Design Inst i tute of Fuel Sys tems  and T r a c t o r  and Stat ionary Engines],  NAMI [Central  Scientif ic-  
R e s e a r c h  Automotive Vehicle and Engine Inst i tute] ,  YaMZ (Yaros lav l '  Engine Plant] ,  and var ious  mach ine ry  
and vehicle tes t ing  s ta t ions have conf i rmed that  fuel f i l te rabi l i ty  a t  above - f r eez ing  t e m p e r a t u r e s  depends on 
the contents of w a t e r ,  solid contaminants ,  and naphthenic acid soaps.  However ,  any one of these  p r o p e r t i e s  in-  
dices  by i t se l f  will  not fully c h a r a c t e r i z e  the f i l t e rab i l i ty  of d iese l  fuels .  Hence, it is advisable  to r ep lace  these  
th ree  quality indices by the de te rmina t ion  of a single combinat ion index, the f i l te rabi l i ty  factor .  
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There is a need for a more objective evaluation of diesel fuel pumpability at subfreezing temperatures .  
In the existing standards, the low-temperature propert ies  of fuels are rated in terms of the solid point [an- 
alogous to the pour point] and the cloudpoint. The solid point character izes  the mobility or fluidity of the fuel in re la-  
tion to filling and emptying operations in storage tanks and tank cars or trucks; the cloud point character izes a condi- 
tion caused by crystallization of paraffinic hydrocarbons, such that the fuel loses its transparency. However, 
the cloud point does not give any idea of the degree of dispersity of the system consisting of fuel and precip-  
itated wax crystals .  Therefore ,  in order  to evaluate the pumpability and circulation of fuels, part icularly 
those with pour-depressant  additives, a method has been developed and standardized in the Soviet Union and 
in other countries for  the determination of low-temperature filterability (method for  determination of the 
Limiting Temperature  of Fuel Filterability, GOST 22254-76). The determination of this limiting temperature 
instead of the cloud point will undoubtedly bring the rating of low-temperature propert ies  into c loser  con- 
formance with the actual conditions encountered by fuels and service.  
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The high t empera tu res  and operating loads on moving parts  in gas turbines, the extremely high rotating 
speeds, and the continuous presence of oxygen in contact with the oil are factors contributing to the extremely 
severe operating conditions that lubricating oils encounter in modern gas-turbine engines. The suitability of 
oils is determined to a great  degree by such high-temperature service propert ies  as thermal-oxidative sta- 
bility, lubricity, and corrosion propert ies .  No less important are the operating character is t ics  of aviation 
oils at low temperatures ,  which must be such that a i rcraf t  gas-turbine engines can be started rapidly and r e -  
liably during the winter, part icularly in the extreme northern and eastern areas of the USSR. 

Advances in the design of jet a i rc raf t  have raised the level of requirements placed on the oils currently 
produced, and these oils will not provide reliable operation of the new engines that operate at a higher level of 
thermal  s t ress .  Therefore ,  new oils must be developed. However, even when new oils have been developed, 
the existing aviation oils have remained in service.  The following factors also contribute to the expansion in 
the number of different aviation oil products: design differences in jet engines installed in modern aircraf t ,  
each of which imposes very different demands on the lubricating oil; the use of special-purpose synthetic oils 
in certain components of airborne equipment (36/1, VNII NP-5, and VNII NP-75A); and the lack of any stan- 
dardization documents (up to 1972) limiting the selection of oils in the design of new engines and components. 

As a result ,  we now find more than 20 different grades of oils and oil blends used in gas-turbine engines 
and a i rcraf t  equipment, including the comparatively inexpensive petroleum oils that have been used very widely 
in gas-turbine engines in subsonic a i rcraf t ,  along with synthetic oils for  supersonic aircraf t .  This prol i fera-  
tion of products has made it necessary  to unify the grades of lubricating oils, on the basis of the best and most 
promising grades. Such unification will accomplish the following: The oil drain periods for  the various en- 
gines can be extended, and in many cases the life of the engine between overhauls can be extended as a result  
of the use  of high-quality oils; labor costs in a i rcraf t  servicing and maintenance can be reduced; the lube oil 
stock and supply system can be simplified and lowered in cost; and the oil consumption can be reduced. 

Since the requirements imposed on oil quality by different turbojet and turboprop engines cannot be 
brought to a common ground without extreme difficulty, the unification of the oils used in these engines is best 
carried out individually, depending on the type of engine and aircraft .  In turbojet engInes, the oil operating 
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