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FORMATION OF INDICATORS THE PROCESSES OF PREHEATING AND
HEATING AFTER THE VEHICULAR ENGINE START BY USING COMPLEX
HEATING SYSTEM WITH PHASE-TRANSITIONAL THERMAL ACCUMULATOR

V. Volkov, Prof. D. Sc. (Eng.), I. Grytsuk, Assoc. Prof., Ph. D. (Eng.),
Kharkov National Automobile and Highway University

Abstract. The article deals with the features of applying a vehicular engine complex heating system
with phase-transitional thermal accumulator. The results of experimental studies of heating the vehic-

ular engine are shown. Using a phase-transitional thermal accumulator in the engine coolant heater
system allows to considerably reduce the time for heating.
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Introduction

Thermal pre-start development occupies an im-
portant place among the main problems of effi-
cient operation of internal combustion engines
(ICE) [1, 2]. The main difficulties occur during
the start of cold engine at low outside tempera-
tures, especially for the cases when the engine is
under load immediately after starting. At low
temperatures the process of starting is compli-
cated, the reliability of it is significantly reduced
and time of preparation for load increases.

Vehicular engine starting characteristics are es-
timated by limit temperature of reliable start and
the time needed to prepare for load. In practice,
therefore, the operation of vehicular engine dur-
ing pre-start development, start and post-start
heating at low temperatures is differentiated,
namely, the idle heating, the operational heating,
heating during the load, etc.

Previous experimental and computational stud-
ies have shown that it is appropriate to use heat-
ing system (HS) of ICE to ease the start and to
rapidly heat the engine coolant [1]. Thermal ac-
cumulator (TA) with heat accumulating material
and a phase transition was developed for this
purpose [2—4] It allows us to accumulate thermal
energy of exhaust gases. The amount of heat
accumulated by TA corresponds with the re-
quired amount of thermal energy needed for the
preheating of engine coolant from the lowest
outside temperature to the coolant temperature
at which the load may be held [1, 3, 4].

Heating systems have been widely applied in the
processes of pre-start development and heating
of vehicular ICE [1, 2]. The peculiarity of heat-
ing systems with phase-transitional TA [3. 4] is
mutual involvement of both heating control sys-
tem and the driver, using relevant devices read-
ings, in the pre-start and the subsequent after-
start heating of the engine.

The efficiency of HS with TA of manual control
directly depends on the participation of the per-
son in the process of heating and monitoring
engine performance parameters. To ensure high
efficiency of HS in a distant mode the infor-
mation of OBD (On Board Diagnostic) system
should be taken into account, especially the in-
formation obtained by scanning memory of on-
board computer of the vehicle using special
technology [5-7]. The analysis of reference
sources showed that the research on the estima-
tion of time and modes of thermal development

in engine pre-start and after-start heating with
the HS using phase-transitional TA was not car-
ried out. A measuring system, providing dis-
tance monitoring of engine and vehicle engi-
neering data within intelligent transport systems
(ITS), was not developed for this research [5, 7].

At the heart of numerous experimental studies
lies the necessity of heating car engine at a low
outside temperature during pre-heating to the
temperatures of «hot starty. The temperatures of
«hot starty» should be 40° C, 50° C and 60° C. In
this case we can at least begin to move. When
the temperatures are higher it is possible to ac-
cept the load. And when the vehicle is in mo-
tion, the temperature should be heated up to
85 + 1,5° C [8]. During the research, the stand-
ard engine cooling system (excluding combina-
tion heating system) of the vehicle and the im-
prove — one — where HS was connected — were
used. The registration of parameter changes of
coolant temperature and fuel consumption of
ICE was conducted in various conditions of
heating. In general, 32 diagnostic parameters
from automotive engine and vehicle were ob-
tained in real time by using virtual and software
diagnostic complex [7, 8] «on-liney. It allowed
us to trace the processes of ICE start and heat-
ing. Pre- and after-start heating of the engine
was executed at low outside temperatures,
namely — 5° C, — 10° C, — 20° C.

The changes of the main parameters of vehicular
engine are shown in fig. 1. These parameters
characterize the processes of starting and heat-
ing the engine by classical method (without us-
ing HS with thermal accumulator) at ¢, = — 5° C
and in various mode of heating (Heating in an
idling mode; Heating in an idling mode with
electrical consumers switched on; Heating in an
idling mode with gradual heating in motion;
Heating in motion): coolant temperature, ¢, °C,
rotation speed (x100) min™', fuel consumption
(Vh), catalyst temperature (x10), T, K and intake
air temperature, t;, °C.

In this mode (fig. 1 a) the peculiarity of heating
in an idling mode with electrical consumers
switched on (mode 2) is as follows. In the pro-
cess of loading the engine in an idling mode
(starting from coolant temperature of + 50° C)
available electrical consumers of the vehicle
were used: electric heating of 2 seats, mirrors
and rear window heating, switching of all lights
and alarm system, as well as switching of vehi-
cle climate control system.
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starting and heating when ¢, = — 5° C: without HS and TA
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Thus, in addition to this equipment, car interior
was also heated. This explains the curve on the
graph (mode 2 — blue line). There was a delay in
heating the engine because of taking off the ad-
ditional thermal heat from the coolant designed
to heat the engine up to 85° C, just to heat the
car interior. Naturally, the heating of the engine
is delayed when heating the car interior from
coolant thermal heat. It should be noted that in
the other three modes (fig. 1, a) of heating (1, 3,
4) electrical consumers and climate control sys-
tem were switched off. Comparing the results
we may say that the process of heating the ve-
hicular engine with electrical consumers and
climate control system switched on requires ad-
ditional research. It is so because of the fact that
such switching together with the heating of the
car interior most significantly increase the time
of ICE and vehicle heating under operating con-
ditions.

Fig. 1, b illustrates the changes of the main pa-
rameters of vehicular engine which are similar
to fig. 6, a. The parameters (fig. 1, b) character-
ize the processes of starting and heating the en-
gine using HS with TA in similar versions of
heating. In this mode (fig. 1, b) the engine start
in all modes was performed after a cooling sys-
tem temperature reached 50° C because of using
the HS in pre-start event. In this case (with the
HS switched on) the peculiarity of heating in an
idling mode with electrical consumers switched
on (mode 2) is as follows. During pre-start heat-
ing from the HS electrical consumers were not
switched on and the car interior was not heated.
On reaching the coolant temperature of 50° C
the engine start and electrical load were carried
out. The vehicular engine was idling and the HS
was turned off (to have equal terms while study-
ing the pre-start and after-start heating of the
vehicular engine). When loading, there were
used the above-mentioned available electrical
consumers of the vehicle. To heat the car interi-
or only the climate control system (without the
HS) was used. This explains the curve on the
graph (mode 2 — blue line). It should be noted
that in the other three modes (fig. 1, b) Oof heat-
ing (1, 3, 4) electrical consumers and climate
control system were switched off. Comparing
the results and reaffirming the above-mentioned
facts, we may say that the process of heating the
vehicular engine with electrical consumers and
climate control system switched on requires ad-
ditional research. It is so because of the fact that
such switching together with the heating of the
car interior most significantly increase the time

of ICE and vehicle heating under operating con-
ditions.

Analyzing the obtained results, we can see that
the coolant temperature, t, °C during pre-start
thermal development of HS with TA changes
similarly to fig. 1, a. This provides effective pre-
start heating of vehicular engine (the time inter-
val of development almost coincides with the
classical method of heating, but vehicular engine
is not running). Rotation speed (x100) min"' and
fuel consumption (1 / h) during pre-start heating
is zero, which ensures fuel saving and resource
saving of vehicular engine during this period.
The changes of catalyst temperature parameters
(x10), T, K are similar to fig. 1, a (with the ex-
ception of the period of pre-start heating of ve-
hicular engine from heating system). The intake
air temperature, t;, °C in fig. 1, b changes simi-
larly to fig. 1, a, and it can be explained by de-
sign features of the engine G4GC (4FS 8.2/9.35)
and the layout of the engine compartment of
KIA CEE'D 2.0 SMT2. Significant fluctuations
of basic parameters of vehicular engine in
fig. 1, b (as well as in fig. 1, a) can be explained
by changes of fuel supply and rotation speed of
the crankshaft during heating in motion.

The analysis of the obtained results showed that
HS works at selected temperatures as follows:
pre-start heating of vehicular engine coolant
from TA takes 7-8 min, 11-12 min, 15-20 min.
Then when the temperature of the engine cool-
ant is t = 40, 50, 60° C, the engine starts running
and heating of vehicular engine coolant from TA
continues. It consequently causes the loss of
thermal energy during fuel combustion in the
engine until engine coolant temperature arises
up to 85° C. As soon as the temperature reaches
this level, the heating of engine from TA stops
and the process of TA charging starts. At the
same time heating of ICE coolant by classical
method (without using heating systems with
thermal accumulator) will last, as shown in
fig. 1, a.

The following modes of heating were used to
study pre- and after-start heating of vehicular
engine: 1 — Heating in an idling mode; 2 — Heat-
ing in an idling mode with electrical consumers
switched on; 3 — Heating in an idling mode with
gradual heating in motion; 4 - Heating in mo-
tion.

Fig. 2 shows the comparative diagrams of aver-
age time values of heating engine coolant for
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4FC 7.72 / 8.45 by using TA of HS to 85° C
(50° C) for different heating mode at outside
temperatures of —5° C, —10° C, —20° C. Fig. 3
shows the comparative diagrams of average val-
ues of the distance required for vehicle engine to

heat to 85° C (50° C) in motion at outside tem-
peratures of —5° C, —10° C, —20° C according to
heating modes: heating in an idling mode with
gradual heating in motion and heating in motion.
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It can be seen from Fig. 2 that heating engine
coolant without HS at -5° C at different heating
mode up to 85° C is carried out during 27, 31,
19, 18 min and up to 50° C — during 7, 8, 10, 8

min. accordingly. For mode 3 and 4 to heat the
engine up to 85° C a car must pass 4.35 and
7.85 km respectively (Fig. 3) and up to 50° C —
0 and 1.5 km respectively (Fig. 3). Heating
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engine coolant without the use of HS from -10°
C up to 85° C at different heating mode was
conducted during 45, 52, 30, 29 min respective-
ly and up to 50° C — during 12, 13, 15, 13 min
respectively (fig. 2). For mode 3 and 4 to heat
the engine up to 85° C a car must pass 10 and 15
km. respectively and up to 50° C - 0 and 5 km
(fig. 3). Heating engine coolant from -20° C to
85° C without the use of HS at different heating
mode was conducted during 62, 67, 46, 44 min
respectively and up to 50° C — during 20, 21, 25,
22 min respectively (fig. 2). For mode 3 and 4 to
heat the engine up to 85° C a car must pass 20
and 28 km respectively and up to 50° C - 0 and
10 km. respectively (fig. 3). The results showed
that the best mode in terms of time savings are
mode 3 and 4. But not sufficiently heated engine
can get significant load due to the need to be
heated when the vehicle is in motion. Based on
engine operability during heating we can rec-
ommend mode 3 as the best one for certain op-
erating conditions. In this mode heating time
and the distance needed are compromised.

Table 1 shows that the use of HS with TA for
heating vehicular engine unambiguously pro-
vides less time to heat a coolant compared to
basic cooling system with a classical method of
heating. Heating time is significantly reduced
compared to the classical heating method for
modes: heating in an idling mode with gradual
heating in motion and heating in motion.

Table 2 shows a comparison of average fuel
consumption values for heating the coolant of
vehicular engine at different temperatures of
pre-start heating of the coolant from TA of
combination HS - 40° C, 50° C, 60° C to 85° C,
at different outside temperatures in different
ways of heating processes: 1 — Heating in an
idling mode; 2 — Heating in an idling mode with

electrical consumers switched on; 3 — Heating in
an idling mode with gradual heating in motion;
4 — Heating in motion.

According to Table 2, to heat the engine coolant
without using the HS with TA (basic system
with classical heating method) at -5° C in differ-
ent ways of heating to 85° C, the engine requires
0.49, 0.689, 0.747 and 0.709 kg of fuel respec-
tively. The fuel consumption is significantly
reduced if HS is used to heat the coolant at dif-
ferent temperatures - 40° C, 50° C, 60° C to 85°
C at -5° C in comparison with the basic cooling
system. When heating the engine coolant with-
out using HS with TA (basic system with classi-
cal heating method) at -10° C and -20° C respec-
tively with various heating modes up to 85° C,
the engine consumes 0.853, 1.088, 1.178 and
1.14 kg and 1.16, 1.41, 1.91 and 1.76 kg of fuel
respectively. While using HS during the coolant
heating from 40° C, 50° C, 60° C up to 85° C at
-10° C and -20° C respectively, the fuel con-
sumption for engine heating is reduced in com-
parison with the basic cooling system. It is espe-
cially visible during the process of heating with
the use of HS with TA at -20° C for various
heating modes of vehicular engine.

The achieved positive effects can be explained
by the fact that coolant heating before start was
carried out by using TA of heating system, i.e.
start of the engine for coolant heating is not
needed. Pre-start coolant heating can be done
only due to the heat accumulated by phase-
transitional TA from the heat of exhaust gases.

The comparison of the average parameters of
coolant heating of vehicular engine characteriz-
ing the savings in time and fuel consumption are
presented in table 3.

Table 1 The comparison of average values of heating time up to 85° C of engine coolant with various

heating modes, different temperatures of pre-start heating of the coolant from TA of combined heating: 40° C,

50° C, 60° C at different outside temperatures, min

from 40° C to 85° C from 50° C to 85° C from 60° C to 85° C
Mode of heating 5 ] <10 | 20 | 5 | <10 | 20 | 5 | -10 | 20
o C o C o C o C o C o C o C o C o C
1. Heating in an idling mode 21 37 47 20 33 42 18 30 39
2. Hea.ltmg in an idling rpode with 25 42 50 23 39 46 19 35 38
electrical consumers switched on
3. Heating inan .1dlmg.mode with D 17 25 9 15 71 6 13 19
gradual heating in motion
4. Heating in motion 12 19 27 10 16 22 9 13 19
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Table 2 The comparison of average values of fuel consumption for heating the coolant in vehicular engine with

various heating modes, different temperatures of pre-start heating of the coolant from TA of combined heating —

from 40° C, 50° C, 60° C to 85° C at different outside temperatures, kg

Mode of without HS from 40° C to 85° C from 50° C to 85° C from 60° C to 85° C
heating
-5°C|[-10°C|-20°C| -5°C |-10°C | -20°C | -5°C | -10°C | -20°C |-5°C|-10°C | -20° C
1 0,49 | 0,853 | 1,16 | 0,3558 | 0,603 0,301 | 0,487 | 0,64 | 0,28 | 0,443 | 0,564
2 0,689 1,088 | 1,41 | 0,554 | 0,811 | 0,92 | 0,469 | 0,729 | 0,824 [0,356| 0,608 | 0,66
3 0,747| 1,178 | 1,91 | 0,592 | 0,81 0,49 | 0,693 1 0,307| 0,561 | 0,951
4 0,709 1,14 | 1,76 | 0,517 | 0,771 0,462 | 0,662 | 0,99 |0,362| 0,61 0,77

Table 3 The comparison of average parameters characterizing saving in time and fuel consumption by heating

engine coolant of G4GC (4FS 8.2 /9.35) of KIA CEE'D 2.0 SMT2 with various heating modes and different

outside temperatures

from 40° C t0 85° C |  from 50° C to 85° C from 60° C to 85° C
Mode of .
heating Saving
52 C|-10°C | 20°C | -5°C |-10°C | -20°C | -5°C | -10°C | -20°C
e |_min | 6 8 15 7 12 20 9 15 23
1 "o 222 17.8 | 242 | 259 | 267 | 323 | 333 | 333 | 37.1
ol ke [0.134] 025 | 046 | 0,189 [ 0,366 | 0,55 | 021 | 041 | 0,59
[T [ 273 ] 293 | 39.66 | 38,6 | 42,9 | 474 | 42.86 | 48.1 | 51,4
. min | 6 | 10 17 8 13 21 12 17 29
5 Ume, T T035] 1923 | 2537 | 25.81 | 25 | 313 | 38.71 | 32.60 | 43.8
oo |_ke [0135[0.277 [ 049 |70.22 [ 0359 [ 0586 | 0333 | 048 | 075
[T 19,5 | 25,45 | 3475 | 31,9 | 32,99 | 41,56 | 483 | 44.12 | 532
. min | 7 | 13 21 10 15 25 13 17 27
; UMe, T 5.0 | 433 | 45.05 | 52.6 | 50 | 5435 | 684 | 36,67 | 58.69
co |_ke [0.155[0.368 [ 0.6 | 0257 | 0485 | 0.91 | 044 | 0.617 | 0,959
% [2075] 312 | 319 | 344 | 412 | 47.6 | 589 | 5238 | 50.21
e |min | 6 | 10 17 8 13 2 9 16 25
A [0 | 333 | 34.48 | 38,64 | 444 | 448 | 50 50 | 5517 | 568
oo |_ke [0.192[0.369 [ 0,66 [ 0247 | 0478 | 081 | 0347 [ 053 | 0,99
[T [27.08] 3237 | 37,5 | 34.84 | 41,9 | 46,02 | 489 | 4649 | 5625

In general, it is possible to conclude that the use
of HS with TA can significantly improve time
indices for heating (up to 17.8 — 68.4%) and ef-
ficiency (up to 19.5 — 56.25%) of the researched
vehicular engine G4GC (4FS 8.2 / 9.35) of KIA
CEE'D 2.0 5SMT2.

Conclusions

The development of pre-start and after-start
heating processes of vehicular engine was con-
sidered. A system of forming pre-start and after-
start heating of the engine and the vehicle in
operation was developed. The vehicle was
equipped with an experimental model of the
studied system. In the process of experimental
research, there the result showed a significant
fuel saving by using phase-transitional TA in the
vehicle during pre-start and after-start thermal

development. Thus, the use of coolant HS of
vehicular engine G4GC (4FS 8.2 / 9.35) with
compromise between heating time of the vehicu-
lar engine from HS with phase-transitional TA
from the outside temperature to the temperature
of 85° C (50° C) and a distance needed for the
vehicle to be heated in motion and fuel con-
sumption. It is engine heating in an idling mode
when the vehicle isphase-transitional TA in KIA
CEE'D 2.0 5SMT2 reduces the heating time by
17.8 — 68.4 % and the fuel consumption by
19.5 — 56.25 % in different operating conditions
and using different modes of vehicle heating.
Mode 3 is the most reasonable in terms of a
stopped and gradual motion of the vehicle. The
process of engine heating with electrical con-
sumers and climate control system switched on
under operating conditions (mode 2) requires an
additional research.
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