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Thermotechnical Calculation of Heat Exchanger for Solar
Energy Plants

Fuad Mammadov

Azerbaijan State Oil Academy, Azerbaijan Republic, AZ1010, Baku city, D. Aliyeva 227

Abstract The paper concems to the usage of the heat exchanging apparatus being utilized during mechanical cleaning
of the oily waters by mechanical ways. Here, as one of the main elements of the solar energy plant having focusing
concentrator, general thermal and energy calculations of the heat exchanging apparatus were presented.
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1. Introduction

At present in the onshore oil wells, the cleaning of the
oily waters is one of the major questions. The waters wasted
by the oil and oil productions have a great deal of hazardous
toxic matters and heavy metals in the content which can
waste other neighboring water basins by leading to huge
ecological damages. At the result the medical hygienic
disaster influences on the environment including fauna,
flora and so on. Solution of this question will serve the
collection of the oil for export and improve the ecological
condition. The most profitable way among other for
cleaning oily waste is the mechanical method. While the
application of the mechanical method utilization of the heat
energy increases the productivity much more. For
exploitation of the heat mainly heat-exchanging apparatuses
are need for the processes.

During technological processes where solar energy is
applied by using focusing concentrators, the exploitatin of
heat-exchanging apparatus has great importance. The main
parameters of the heat-exchangers are, hight productivity,
light weight (metal capacity) and minimum heat loss.

The heat axchangers are divided into two groups:
recuperative and regenerative heat-exchanging apparatuses.
The heat-exchanging apparatuses which are utilized in the
oil fields and in other industry sectors should be
recuperative type. Different constructions of such type
heat-exchangers were applied in the high temperatured solar
energy plants for crude oil treatment and oily waters
cleaning processes[1,2].

From technological and constructive facets recuperative
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heat exchangers are too reliable. Heat transfer in the
recuperative heat exchanger from one medium to other
happens in the hard layer. That’s why between any two kind
matters heat-exchanging process is possible. Therefore
thermotechnical calculation of the process is to be taken
into considration to study the heat-exchanging process in
advance in the heat exchanging apparatus between heat
transfer and oily waste. For this purpose the below
mentioned parameters have to be defined.

2. Experimental Procedure and Results

During experiment for density of solar rad iation-W/m’,
air temperature ‘C, wind speed-m/sec is measure.

For checking validity of the plant before in the initial
experiments as the heating (water) and being heated (oily
waste water) matters water-water was accepted[3].

Because of temperature obtained not being convected due
to sun rays reflected from concentrator solar reactor was put
inside of molybdenum glass pipe with g =56mm
diameter, thickness s5—_15., , length of L —=12m .

Integral ray transmition of molybdenum glass pipe in solar
spectrum 7=0.92-+0.94. In order to increase efficiency
and to obtain isotermic condition reactor surface adsorbing
solar rays was coated with a selective black chrome surface
and surrounded with clear glass tubes 4 =e=0.91. The
distance between glass and steel pipes was vacuumized that
gives opportunity heat loss to be decreased to minimum.
Generally because of not heat loss in whole system where
heat transfer moves glass wool and special cover were used.
Chromel-copel thermo pair calibrated were put on suitable
places to measure temperature difference on internal and
external surface of solar reactor, glass pipe, heat exchanger,
and to measure temperature of oil and heat transfer in
entrance and exit. Exits of thermo pair were jointed to
digital potentiometer. According to potentiometer’s factor
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temperatures are found in calibration table. Water is
accepted as heat transfer.

3. Thermotechnical Calculation of Heat
Exchanger

The heat loss is to be determined which happens by
irradiance and convection ways in the resin pipes which
joins the out let of the solar reactor and inlet of the
heat-exchanger in the solar energy plants having focusing
consentrators. For this purpose the following formula may
be utilized.

@® Corespondingly the heat loss on the surface of joining
communication lines (rubber tube) which happens by
irradiance ways can be calculated.

s 1
O, :E”

Here, d.™=0,032 m — external diameter of the joining
communication lines; [=2,5 m- total length of the joining
communication lines; &=0,4- blackness of the joining
communication lines; t1.=52,5 C - average surface
temperature of the joining communication lines.

0™ = 0,003 .
@ The heat loss happing by the convection ways on the
surface of joining communication lines,
1
c ex
Qc :Eﬂ'dc 'lC‘ac'(tc_th) (2)
Here, ;=12 W/(m*'C)- heat transfer coefficient to the
environment in the joining communication lines surface .
0° =24,5W
The rate of the heat being transfered to the heated liquid
at the begining case, W;

efficient " !
QHT = Gheatingchc (IZ - t2 ) (3)

Square of “annular tube” type counter-current heat
exchanger must be calculated (fig 1).
Heat transfer, (water) with the flow rate ;, —0,138kg /sec>

d; - g '5'(tk4_th4) (D

running through the cupper pipe with round cross-section
having A =384w /(mK) heat conductivity comes into the

. 0 )
heat-exchangerat ¢ =98"C temperature running through
copper pipe with round cross-section oily waste water is

heated from t2' =25°C  temperature to t, =90°C

temperature. Flow rate of the oily waste water being heated
is m, =0.019kg /sec .

Quantity of heat transfered to the oily waste water being
heated is ditermined:

Q=m,C,, (t, 1) (4)

The temperature of heat transfer in heat exchanger exit:

)
mC,

Average temperature of heat transfer:

5
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4+

Z‘aver.h.t - 7 (6)

Physical properties of heat transfer and oily waste water
corresponding to the average temperature are selected from
the references[4,5].

Average temperature the oily waste water being heated:

_ tzv +l‘2"

Laver-oi = (7
aver.oily.w.w 2
Heat transfer’s rate of movements:
v 4m,
1= (®
P17,
Rate of movement of the oily waste water being heated:
4
Vy=— 2 9)

Pz”(Dlz _dzz)

Reynolds criteria for heat transfer:

Re, = "d, (10)
Vi
Nusselt number for heat transfer[6]:
P
Nu, =0,021Re,*® Pr,> ()% ¢ (1)
Ts1

Here 1/d,)50is,that’s why & =1:

Average temperature of wall surface:
tw.sl = O’S(taver.h.t + taver.oil,v.ww) (12)

According to this temperature that’s determined from the
table Pr, =2,79

Q, - ratio of heat transfer from heat transfer to pipe wall
surface:

(13)

a :Nu1§
1

Reynolds criteria for oily waste water being heated:
V,d

Vo

Re, « (14)

Here - d ,, - equivalent diameter of tube:

d,, =D, —d, (15)

The temperature of wall surface:
¢ =t

w.s1 w.s2

Accepting,
Nusselt number is calculated:

P
Nty = 0,021Re,*® Pr, 4 (—2.)0-23
Prs2

(16)

@, - ratio of heat transfer from wall to the oily waste
water being heated:

a, = Nu, = (17)

eq
Ratio of heat dissipation for heat exchanger|[7]:
1
= 18

K 1 1, d, 1 (18)

+—In—=+
ad, 24 d a,d,



Science and Technology 2013, 3(2): 55-60 57

Average logarithmic temperature drop:
G -5)- —1)

Ataverl - " (19)
=t
L —t
Density of heat flow in 1 m tube:
q, = KAtaverl (20)
Length of heat exchanger pipe:
L-£ @)
q
Square of heating surface:
Fy = md,\ L, (22)

If we accept the length of one section 7 =11 amount

of heat exchanger’s sections:

Ll
I’ll :T

If we accept liquid’s movement to be direct-flow in heat
exchanger, average logarithmic temperature drop will be:

_ (tly _tzv) —(Zln _tz”)

23)

AtaverZ - (24)
Inh=h
L~
Density of heat flow:
q> = KAtaverz (25)
Length of heat exchanger pipe:
nL< 26)
9>
Heating Surface Square of heat exchanger with
direct-flow:
F, =md,L, @7
Sections’ amount of heat exchanger with direct-flow:
L
ny = 72 (28)

Heat exchanger was covered by isolation coat with

40mmand A, =0,0372W /(mK) heat conductivity ratio.

Additionally this isolation layer was wound by an cork
isolation layer with 20mm thickness and
Aisa = 0,060 /(mK) , A =0,0372W /(mK) heat

conductivity ratio. Heat conductivity ratio from cork

isolation to air a, =15W /(mzK) . Heat amount lostin 1m

of heat exchanger, at the same time temperature of layer
surfaces must be determined:
Heat dissipation ratio is determined in cylindrical wall
with many layers by formula 29[8]:
1
1 +Lln&+L &+ 1 ln&+;(29)
a-D 24, D 24y D, 24y Dy ayD,
Density of heat flow lost in 1mpipe:
q; =Ksm(t;, —t,,.)
Temperatures of layer surfaces are determined.
Temperature of'the first layer surface:

Ks =

(30)

_ q
1=h ———
oDy

(3D

Table 1. Calculation’ results were given due to experiments carried out
dealing with heat-exchanger
ny 0,138 n, 0,015
Cp, 4190 Cp, 2400
0 2340 dey 0017
f 98 f 93,96
t, 25 ty 90
 averht 95,98 L aver.otty ww 57,5
P1 961.8 o) 8654
A 68,15°107 Ay 39,5'107
Pry 1.86 Pr, 428
v 0,317°10° v, 0,342°10°
14 0,812 v, 0,0315
d, 0015 d, 0,018
D, 0,032 D, 0,036
Re, 38422 Re, 1566
Nu, 82 Nu, 9
Aeop 384 K 354
R 84,5 Pr,, =Prg, 305
a, 3723 a, 209
Al gyert 28,35 At yera 23,72
q; 1003 q, 83,96
L 23,3 L, 27,87
F 1,09 F, 1,57
Dy 0,14 D, 0,18
Ay 50 o 14
Aist 0,0372 Aisn 0,06
/ 0,8 Lair 25
n 30 n, 35
Ks 0,058 q; 13,2
ta 97,55 ten 96,24
t 45,1 tea 36,3

Temperature o fthe second layer surface:
' 1 1 D

(32)
7 oyDy 24, D
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Temperature ofthe third layer surface: P q

| s4 Tl T/
_4 i 1 + 1 &_,_ 1 ln& (33) $ a; Dy
T oDy 24, Dy 24, D,

Temperature of cork isolation’s external surface:

(34)

ts3 -

In the table 1 calculation’ results were given due to
experiments carried out dealing with heat-exchanger.

"1=93.96 'C

g
-
fat]
P | {1 PR ——, | i
- / = '
-~ H T
A
: —1— 5
{ 7k 0.8 m N
I | t7=90"C
e

Figure 1. Principial sceme of “annular tube” type counter-current heat exchanger. 1 - oily waste input, 2 — heat transfer out, 3 — outside tube, 4 - internal
tube, 5 — bend, 6 — flange, 7 - continuation of intemal tube
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Figure 2. Annual force of the solar energy plant for oily waste watertreatment due to experiments carried out (to months)
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4. Conclusions

The calculations show that the utilization of
heat-exchanger in the solar energy plants is effective from
energy facet. Thus, the refined and cleaned water which is
heated in the heat-exchanger can be used for watering
purpose in agriculture field, for cooling the trubines in the
heatpower stations, for washing the cars in the washing
stations. At the same time this water is used as the low
temperatured heat transfer in the solar energy plants. Like
the water which has the proper technical parameters it can
be applied in the active heliosystems.

Nomenclature

m, - Heat transfer flow, kg /sec.

m, - Oily waste water flow, kg /sec.

Cp, - Heat capacity of heat transfer, s /(kgK) -

Cp, - Heat capacity o oily waste water, iJ /(kgK) -

O - Amount of heat being transferred by oily waste water,

d,, - Equivalent diameter of heat exchanger pipe, m.
tl' - Entrance temperature of heat transfer, °C.

t1" - exit temperature of heat transfer, °C .

t, - Entrance temperature of oily waste water, °C.

t2" - Exit temperature of oily waste water, °C.

t - Average temperature of heat transfer, °C.

aver.h.t

aver-oily.w.w Average temperature of oily waste water,

0
C.
p, - Density of heat transfer at average temperature,

kg/ m® .

p, - Density of oily waste water at average temperature,
kg/m3.

A, - Heat conductivity of heat transfer at average
temperature, W /(mK) -

2,- Heat conductivity of oily waste water at average
temperature, W /(mK) -

Pr, - Prandtle criteria of heat transfer at average
temperature.

Pr, - Prandtle criteria of oily waste water at average

temperature.
v, - Kinematics viscosity ratio of heat transfer at average

temperature, m? /sec .

vV, - Kinematics viscosity ratio of oily waste water at
average temperature, m? /sec .

v, - Heat transfer’s movement speed, m/sec .

V', - Oily waste water’s movement speed, m/sec .

d, - Internal diameter of pipe in which heat transfer runs,
m.
d, - External diameter of pipe in which heat transfer

runs, m.
D, - Internal diameter of pipe in which oily waste water

runs, m.
D, - External diameter of pipe in which oily waste water

runs, m.

Re -Reynolds criteria for heat transfer.

Re, - Reynolds criteria for oily waste water.

Nu, - Nusselt criteria for heat transfer.

Nu, - Nusselt criteria for oily waste water.

Acop - Heat conductivity ratio of copper pipe in which
heat transfer runs, w /(mK) -

K - Heat dissipation ratio of heat exchanger, w /(mK) .

.1 =1, - Average temperature of wall surface,
°c.

Pr,, = Pr, - Prandtle criteria of average temperature of
wall surface, °C .

a - io of heat dissipation from heat transfer to pipe’s

, - Ratio of heat dissipation from heat transfer to pip

wall surface, W/(mzK) .

a, - Ratio of heat dissipation from pipe’s wall surface to
oily waste water, W/(mzK) .

At

exchanger with direct-flow, °C.
At 00 - Average logarithmic temperature drop for heat

exchanger with counter-current, °C .

- Average logarithmic temperature drop for heat

averl

g1 - Density of heat-flow in each 1 m pipe of heat
exchanger with direct-flow, W /m .

g, - Density of heat-flow in each 1 m pipe of heat
exchanger with counter-current, W /m .

L, - Pipe length of heat exchanger with direct-flow, .

L, - Pipe length of heat exchanger with counter-current,
m.

F, - Square of heating surface for heat exchanger with
direct-flow, m?.

F, - Square of heating surface for heat exchanger with
counter-current, m?2.

D, -diameter of the first isolation layer (glass wool) on
the pipe, m .

D, - Diameter of the second isolation layer (cork) on the
pipe, m.

A, - Ratio of heat conductivity of the steel pipe in which

oily waste waterruns, w /(mK) -
;. - Ratio of cork isolation’s heat dissipation to air,

W [(m*K) .
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A1 - Heat conduction ratio of the first isolation,
W /(mK) -

A;en - Heat conduction ratio of the second isolation,
W /(mK) -

[ - Length of'a section, m.

¢, - Alrtemperature, 0cC .

n, - Sections amount of heat exchanger with direct-flow.
Sections amount of heat with

n, - exchanger

counter-current.
Ks - Ratio of heat transfer from many layered (isolation)
cylindrical wall, w /(mK) -

q; - Density of heat-flow lost in each Im of heat
exchanger’s pipe, W /m .

t ) - Temperature of the first layer surface, °c .

t,, - Temperature of the second layer surface, °C.
? 43 - Temperature of the third layer surface, °C.

[ ¢4 - Temperature of the fourth layer surface, °c .
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