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Abstract — In this paper it is presented the structural
scheme and analytical background of a hydrothermal micro-
carrier of heat and mass, horizontal, opened, by thermo-
aeration. This system transfers heat and mass with fluid flow
rate conserving and can be implemented on the cooling system
of internal combustion engines. The fluid has natural
circulation, but in case when that solution is
short of satisfactory, it can be insert a forced cooling with a
pump or with an air blower. As an application it is analyzed the
cooling system of an engine with natural circulation by thermo-
aeration.
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I. INTRODUCTION

N Fig. 1. is showed the scheme of a thermo-hydraulic

circuit (opened to atmosphere), witch transfers water
and heat from a source A, in horizontal plane, to a heat
consumer B without pump, on natural way, by thermo-
aeration.
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Fig. 1. The functioning scheme of the micro-carrier

The heat source A can be a secondary industrial
source, like exhausted gases, steam or hot water. Also can
be an assembly or an engine that must be cooled or a
natural source like thermal water, lava, hot sand and
stones or steam.

The could object B can be a heat consumer (hot water,
hot air, air conditioner), heat exchanger or cooler.

II. THEORETICAL CONSIDERATIONS

The pressure difference witch ensure the water
circulation and heat transfer, flux Q, from A to B is the
result of mass density difference between cold and hot
water. Because of heating, the water mass density
decreases: the flow rate V , or weight rate m=p-V , is
driven through a pipe with diameter d and length 1 and
cooled through natural thermal transfer. For heat flux
conservation, on driving route, the pipe must be isolated,
the process being isotherm.

The water circulation is made between temperatures
t; =95(°C) andt, =30(°C).

The water lifting from the water source through the
strainer (filter and one way valve) and the heat source A
it’s compensated with the dropping through object B,
resulting the level difference being near to zero.

The local lost head in pipes are approaching near to
20% from linear lost head. The cinematic viscosity has
the medium value v=0478 =const. (for temperature
60°C).

The manometric head variation of pressure (suction) is

[1]:
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Where: p; and p, are pressures according to points 1

m . . .
and 2 on the route, g = 9,81(—2j is gravity acceleration
S

and Z hy1, is the sum of lost head through resistance to
the flow.
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The water speed through the pipe is:
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Where: A is the linear lost head coefficient through
viscous friction, stated in function of inner walls of pipe
quality and the flowing regime given by the Reynolds
number [2]:

Re=-— “

A=— (5)

And for turbulent regime it is recommended the
Blasius equation:

0,3164
A= R025
e

(6)
With

obtaining the effective pressure equal to the lost head
sum [3]:

2
Pae (1 _ 1) 1551V (7)
g d 29

assumption p; = P, = Py = 10°(Pa), is

The mass density at water temperature t; and t, is

kg kg
P = 960[—3j and p, = 992(—3j .
m m

From equations (6) and (7), assuming the streamline
regime, the pipe diameter is:

z,tg.pat.(l_lJ
_1 g \p1 P2

1,2-64-4-v-1-V

(®)

It can be define a flow rate coefficient, dimensionless:

1

p= | )
]/a+x-a+Zg

Where a is Coriolis coefficient, witch can be assumed
in this application equal to 1.

III. APPLICATION

For pipe’s length | = 109 (m) and the fluid speed
v=0,117 (m/s), are obtaining: R, = 2450; A = 0,0452
(with Blasius equation); d = 0,01 (m);

3
v =0117-Z.10* =0,915-105[m—J =0,55('—_J.
4 S min

The transferred heat flux it was computed with equation:

Q=m'cm'At:pm'v'cm'(tl_tZ) (10)
Where:  medium  mass  density of  water

ki
s Py = 975[m—%j , the difference of

temperature At =(95-30)=65(°C) and the medium

. keal
thermal capacityc, = ” Tl
g-gr

For a small length of pipe, 1 = 55 (m) and speed

min h

Over the natural circulation, in case when that is
short of satisfactory, it can be insert a pump circulation of
cooling water or a forced cooling with an air blower (like
the cooling system of the internal combustion engines)
[4].

Through the presence of that helping elements it can be
admitted a lower value for temperature t,, a highest speed
in the driving pipe, a higher flow rate, a higher heat flux,
a higher transport length, the possibility to secure level
differences different to zero, Az #0 and lower weights
for heat exchangers.

v=0,163 (m/s) it is obtaining:V = OJGS[I—_] = 46(|—j .

IV. HEAT AND MASS TRANSFER WITH FLOW RATE
CONSERVATION

A system that can be used is a hydro-thermal system of
heat and mass transfer with flow rate conservation. The
scheme for this system is showed in Fig. 2.

Fig. 2. Hydro-thermal system of heat and mass transfer with
flow rate conservation
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Where the notations are:

A — warm object, the heater of hydrothermal fluid;
B — cold object, the cooler, heat consummator;

a — high pressure pipe, warm, isothermal;

b - low pressure pipe, cold, isothermal.

The hydrothermal system transfers heat flux from
object A to object B. The missing of a conventional
pump in the circuit reduces the performances obtained
through thermo-aeration. The hydrothermal agent can be
water or water with ethyl glycol. It will be assumed the
following parameters:

The manometer height:

h=-F_ (11
p-g

The variation 4h=h, —h; (m.col.liquid), when the

mass density decreases in object A because of the heating

[5]:

Ah_ p2 _ pl

= >0
P2:9 P10

(12)

In object B, through worming, the mass density
increase and Ah < 0.
The fluid speed is:

V=./29-Ah = 2[&—&J (13)
P2 P1
The flow rate in pipe:
2
VeA.ve ™ 2.[&_&J (14)
4 P2 P1
And the pressure:
| p, V2
p?_:[?"a'ga"'éa"'gB)' 2 +
| V2
+(xb-g"+&b+aA]-pl : (15)

Where: A, si Ay are the linear lost head coefficients in
function with pipe lengths 1, si l,. The local lost head
coefficients are &, and &,.

At the entering in abject A, the pressure is:

p1-V?

2

Pr=Ea- (16)

The pressure loss in object B:

2

pa-V
Apg =&g - (17)
The pressure loss in object A:
2
p1-V
App=Ep-— (18)

As an application it will analyze the cooling system of
an engine with natural circulation by thermo-aeration [6].

. Y |
If the cooling flow rate of the engine isV = 14(—_) ,
min
is necessary to compute the value of the pipe diameter
and the radiators number of pipes. The fluid circulation is
under temperatures t; =95(°C) andt, =40(°C).

The medium speed of water in radiator’s pipes is
Vi =O,15(EJ and pipe’s length isl :0,4(m). Also the
S

speeds v, =V, and heights z; = z,:

P1 P2
P P2 _ Z:h
P19 pP2-0 2

(19)
For p;=ps; =pPa = 105(Pa) (absolute pressures), it

is obtaining the real overpressure:

(20)

ki
The water mass density at t; and t, is p; = 960(—%}
m

kg

and p, = QQZ(FJ . The continuity equation is:

2
ven.®™
Vv

e2)

For the following parameters it will be used the values:
R, =1565-10%,  1=0041, p, =204-10°(Pa),
|
d
D E=526, &, =& =63, £y =& =20.

The calculated diameter d of radiator pipe d is 5 mm,
and the pipes numbern =80 .

p, =104-10°(Pa), A-—=263(m.H,0), 1=32(m),
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Fig. 3. Cooling system for the internal combustion engine

For a forced cooling with an air blower, the

temperaturet, =30(°C), and for using a pump, the

. m . .
water speed isV = J{—] . The number of pipes is lower, n
S

= 12 pipes, the radiator being much smaller.
The obtained heat flux is:

Q=960-2,33-107*.0,9973-(95-40) =
[ keal

=123 —} =4,43-10* (22)
S

Where the water thermal capacity at 40 (°C)

isc, =09973 ﬂj , water mass density at 95 (°C)
kg - grad
3
is 960("—93) the flow rate 2,33-107% [m—] and the
m s

difference of temperature in radiator is 95-40(°C).

The exhausting power in point 2 (Fig. 3) is 0,88(W).

V.CONCLUSION

The opened transport system, without recirculation,
analyzed and computed in this study, can transfer a heat

flux, Q = O,SSZ(EJ , that shows , with 1 (kcal) = 4,187
S

(kJ), 1(J) = 1 (Nm), a small thermal power of 2,42 (kW),
on a thermal isolated pipe, with length | = 109 (m) and
diameter d = 0,01( m), with the level difference Az ~0.
In case of thermo-aeration engine cooling, | is the total
length of pipes from the cooling radiator, having d = 5
(mm), with radiator height of 0,4 (m), results, after the
calculations 80 pipes with a cooling water flow rate

V= 14(4} with temperatures t; =95(°C) and
min
t, =40(°C), with recirculation.

In Fig. 4 is showed a cooling system in closed circuit
for an internal combustion engine. Over the natural
circulation it is insert a forced circulation of cooling
water with an axial air blower [7].

Fig. 4. Cooling system in closed circuit for an internal
combustion engine

Conserving the water flow rate, the pipes diameter and
lengths, bringing down the temperature,t, =30(°C), it
was obtain a much lower number of pipes (12 pipes).

In case of forced cooling, the radiator for heat transfer
it’s smallest over the radiator which running with natural
circulation of cooling liquid (for the same flow rate) [8].

REFERENCES

[1] R. Tarulescu, O. Craciun, ,Fluid mechanics and practical
applications”, December 2009, Publisher Transilvania University
of Brasov;

[2] B. R. Munson, D. F. Young, T. H. Okiishi, “Fundamentals of
Fluid Mechanics”, Publisher John Wiley & Sons, March 2005;

[3] P. Roman, E.C. Isbasoiu, C. Balan, “Special problems of hydro-
mechanics”, Publisher Technical Editor, Bucuresti, 1987;

[4] C. F. Taylor, “Internal Combustion Engine in Theory and
Practice: Thermodynamics, Fluid Flow, Performance”, Publisher
MIT Press, March 1985;

[5] F.M. White, “Viscous Fluid Flow”, Publisher Mcgraw Hill Series
in Mechanical Engineering, January 5th 2005;

[6] J. Heywood, “Internal combustion engines fundamentals”,
McGraw-Hill Book Comp., New York, 1989;

[7] B. Grunwald “Theory, computing and building of engines for
road vehicles”, Publisher Didactic and Pedagogic Edit, Bucuresti
1980.

[8] F. W. Sterling, “Internal Combustion Engine Manual”, Publisher
Baker Press, October 2007;

400


http://www.goodreads.com/author/show/111568.Bruce_R_Munson
http://www.goodreads.com/author/show/111566.Donald_F_Young
http://www.goodreads.com/author/show/111567.Theodore_H_Okiishi
http://www.goodreads.com/author/show/149480.Charles_Fayette_Taylor
http://www.goodreads.com/author/show/37376.Frank_M_White
http://www.goodreads.com/author/show/5997922.Frank_Ward_Sterling

