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Abstract: The article presents new formulas for calculatiegthcarriers’ velocities, recovery
factors and efficiency of heat exchangers in that Iseipply system. The formulas have been
obtained after a profound analysis of literaturethie field of design calculations of heat
exchangers in the heat supply system and mathahatiansformations. Approximate
calculations based on reliable data of famous fsterwere made in order to determine the
validity of new formulas. The results of the caltidn of the error of the average velocity of
heating fluid and heated coolants were processkd.fdrmulas can be used to design plate
devices, as well as for operational monitoring afgmeters in order to determine the operating
modes and efficiency of heat exchangers. The fanfat determining the coefficient of
recovery of tubular and plate heat exchangers bas bbtained as a result of an analysis of
literature in the field of calculating the regenera of gas turbine plants and mathematical
transformations. By monitoring the change in perfance characteristics over time, it is
possible to predict deterioration in the conditafrheat exchangers, provided that the tests are
performed under identical conditions.

1. Introduction
In the classical version [2], the average veloafythe heating fluid (HF) in the heat exchanger
channels was determined from the equation:

w, =203 KO, AR 1)
51 ECpl EﬂTl _Tz) E.bl
where K - heat transfer coefficient, WifK); ©, - average log temperatureK:

0,=(0,-6,)/In®,/0,) , where ©,=(T,-1,) , ©,=(T,—7,) - the largest and smallest

temperature difference between HF and the heateldmtorespectivelys; andt,, K. If 0,55%5 2,
2
the average temperature head can be defined asitit@etic mean®,, =(©, +©,)/2 (the error is up

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



IPDME2018 10P Publishing
IOP Conf. Series: Earth and Environmental Science 194 (2018) 062007 doi:10.1088/1755-1315/194/6/062007

to 4 %) [1, 2];AP, - pressure loss according to HF, If@;— coefficient of total hydraulic resistance of

the reduced length of one channel of i4E;- average heat capacity of HC, J/(KY- (T.1-T,) = AT -
average temperature difference in HEp, - average density of HF, kg/m

After the analysis of thermal calculations of diffet types of heat exchangers (HE) in the heat
supply system and hot water supply, it is estabtistmat there is no equation for the direct catota
of the average velocity of the coolant. It is aéaptas in CS-41-101-95, or calculated by the method
of successive approximations [3]. An exceptiorhis eéquation for the direct calculation of the agera
velocity of combustion products in the regeneratdrgas turbine plants [1].

2. Materialsand methods
It is known from the source [2] that the coeffidieri the total hydraulic resistance of the reduced
length of one HF is:
0,25
E _ B]_ —_ Vl |:Bl
1

- Relo,zs - Wl0,25 Edlcé,25 ) (2

where Re, :Ldle- Reynolds number, w velocity of the heating fluid, m/s;;d- equivalent
l/1

diameter of one channel of HF, m;- average kinematic viscosity of the coolant/syB; - empirical

coefficient, depending on the type of a plate.

Substituting the value @fL into formula (1), we obtained:

0,25 0,25 0,25
< [d, O AP K d ~ O [AR K
- for HF W =8dN1025 ~ m———— orwP=80f—1— : 3)
Vi EBl[(DplmT Lo, Vv EBll:CplmTwl
d2* @ [P, [K
- for heated coolant W;"°=8[—-2e —m 2 : 4)
vy’ EBz [sz [AT Ebz
where AT =7, -7,K .
The ratio of the average speeds of HF and heatddrto
W, d>*° [AP. d”° AP 0,36364
S =Cmme ared) CEm T ) ©)

w, VP BIC, AT v, B, [T, [Arlp,
An equation is known from the source [4, 5] (witlba@ance for heat losses):
AT _T,-T, _ W, _ Mz[Cp2
At 1,-1, oW, npM,[C,
For engineering calculations of heat exchangers1 [4]. From equation (6) we have obtained the

Cp AT M,
= (without allowance for thermal lossas,= 1), which is substituted into
C,AT M,

formula (5).Then:

(6)

formula

w (AH B, 017 9% O, 2 ]0,36364

0,25 0,25 2 (7)
W2 APZ EIBl mZe m,1 DM 2 H)l
It is known that the heat transfer coefficient d& 8], W / nf - K:
k=gt g =P Il ®
— + + i + i 1+ ﬁ
a Aa 0 0 a a,
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where g = KIK,, =089+ 09" the ratio of the value of the heat transfer doefht (K), taking into

account the thermal resistance of the plate \;(@IVIalJI /Awa“) to the value of the heat transfer

coefficient (K.) without taking into account the resistalfég:va“ //]W6“); B - coefficient that takes

into account the decrease in the heat transfefficieet due to the thermal resistance of scale and
impurities on the plate, depending on the watelitgug = 0.7 + 0.85p; - heat transfer coefficient of
HF, W/(mz- K); a, - heat transfer coefficient of heated coolant,m%/((); dw - plate wall thickness, m;
My - coefficient of wall thermal conductivity, W/(m)K

It is known that the coefficient of heat transfesrh HF under turbulent motion of the coolant in
lamellar HE (Re1> 50) [2], W/(frK) is:

0,25 0,73
q. = Nu, [A -C EIRef”EIPr oazcl P B/]—1=C W ml Pr1°'68 GA—l 9)
' dle ' Pl;l\rdll dle l/1 Prvsz;.lzls dle

whereC - empirical coefficient depending on the type qiate.
Heat transfer coefficient of HE from heated cool@ft W/(m?K):

Nu, [A, pros8
= —2—2 = CRe)"[] -2 e 10
>~ 4, PO | d,, 10

Hence, the ratio of heat transfer coefficients is:

0,68
ﬂz(cuRef”EE jgi)/(c |:Re°73[{gr2 jD
1e

P v?aIZIEJ wall
0,73 0,68 0,73 0,68
— Rel ﬂ ﬂ Egze _ W, m1e v, ﬂ
Re, Pr, /]2 dle W, m2e [, Pr, /]2 1le

073
AP [Bz mozs mozs [Wll @22)02655[Ed1e m’z % [Eﬂj%g G& .

( AP, [B, mozs @025 M, @12 dye I, Pr,

_ [Apl [BZ wl wzz J 02655 [(ﬂj 0,68 E[ dle ] 0,2036 EEV_Z] 0,7964 I:Ei] (11)
AP, [B, M, [pf P, d,e Vi A )

Substituting the values ofl from formula (11) and the relation,(/ ay) from formula (12) into
formula (8), we obtained:

¢EBEECEEW1 E’EJ | EE Ez:j BiJ
- ¢l Bl - Vi Plai le .
1+ ﬁ 1+ APl [BZ [Ml @22 02655 ﬂ 068 dile 02036 ﬁ 07964 i
% AP, (B, M, [p? Py, O v, A,

Substituting the values of K from formula (12) ificemula (4), we obtain:

[, P K oo di®®©, P
VOB B, [T, AT [p? v ® (B, [T, (Ot(p?

0,25
a2

O [\,
E;.QN
>
®
1

(12)

=80
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073
V\{Ll]jle g P0,68 |ﬂ
C 4 71e
e [E " J [EPnﬁ’jF d,

2 02655 068 02036 07964 .
APZ [BZ DMZ wlz PE d2t l/1 AZ
After the reduction, we got:

89 PTPLVA®, DR (AH (B, M, [} J A
dl(::"o2 [Pr;leélzlsEBl |]/10’98 |:q:pl mT wlz APZ |:Bl D}\/l 2 @12

Pr 0,68 d 02036 y 07964 /1
Th g e Z2 A
t) da) ) e

As a result of mathematical transformations, newnidas were obtained for calculating the
average velocity of heat carriers [8]:
- heating coolant in the channels of lamellar HEs:m

02655
w, = ([ AETP®, 2R ) APB, M, (P2 )
' dlc;,oz Prv?élzlS Bl m’lo'gg mpl [AT Eblz 1+ AP2 EBl M 2 Eplz

Prl 0,68 % 02036 V_z 0,7964 i 0,49505 )
Prz d2e I/l /]2 ( )

- heated coolant in the channels of HE, m/s:

0,36364
W. = Vy[APl [B, mlc;% m’20125 M, ZZJ
2 - 0,25 0,25 2
APZ |:Bl BjZe m/1 ENI 2 wl
To verify the validity of the obtained formulas etlinitial data for a plate heat exchanger with
plates 0.3 with the technical characteristics prekin the literature [2, p. 60] were used.

Initial data; area HE - F = 20 fmthe number of moves -% X, = 1; the reduced length of the
channel - k1 = Ly = 1.12 m; consumption of HF - M 30 t/h; consumption of heated coolantz#M

35 t/h;¢ = 0.89; = 0.85; B= B,= 19.3;C = 0.1;d,, =d,, = 0,008 m; T,=353K; T,=333K; 1,
=319K; 1, = 336.2K; AP, =8338 PaAP, =10889 Pa.

(13)

2,02 _
W = (

(16)

. k
Calculation Cy; =4199.8 J ; C=4194.1 J ' P1 =976.4—g; P2 =983.5@; ©n=15.36 K;

kg K kg K nt nr
. M’ o m? W W
v1=0.4210"° — ; v,= 05110 —; A;= 0.658——; A,= 0.645——; Pr,= 2.5; Py= 3.1; Py
S s m [K m [K

=277, W= 0.228? ; Wy = 0.257m/s; Q= 699996 WK :2389I’T1\2NW.
Average speed of the heating fluid (HF), m/s:
) L[ 8 ., 0B9(D75(D1IR5°*(D658(1536B338 ] /
"1 | | 0,008°% 277 19 30041010 ) °* #199,7(20(976,4 | /( 1+
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. { 8388 D_g’s 30 [983’52 J 02655 Eﬁ ODO8J OZOSG[EMJ 07964[EEJJJ0,49505: 0238

10889[19,3[B5[976,4° 0008 04110° 0645
The error of the calculation, %: &, = oo =Wy [100=| 0238- 0224 |[100=59.
W, 0238

Average speed of the heated coolant, m/s:

W = 023y[ 8338[19,3(D008°% ({05110 %) °* (30 (9835 JO'%%“ 085
2 1088919,3[10008°*° [(0,4110 %) °*° [B5[976,4° B '

The error of the calculation, %:

o, :Mmooz| 0257- 0255 |[100= 078
W 0257
Heat transfer coefficient, W/ (rK):
K = W [Cpl(tl -t,)[p [d, _ 0,238(4199880-60) [976,4[0,008: 22706
410, [0, X, 41535011211 '
The error of the calculation, %:0, = K, =K ELOO=| 2389-227Q6 |100= 496.
K, 2389
699996
Area of the heat exchange surfacé, nF = K S@m = 227061536 = 2y
F -F -
The error of the calculation, %:  J, =— (100 =|M |[100= 035.
F 2007

For the operational control of the parameters efdperation modes of the apparatus in urban heat
supply systems, the recovery factor has been redeand is recommended to use additionally [4, 5,
6].

The algorithm of mathematical transformations &sfibllowing [4, 6]:

1. According to the equation of heat balance arad tnansfer:

Q= M1Cp1’7(T1_T2)= Mchz(rz _Tl)z KFO,, 17)

M,IC (7,-1,)
whence it follows that: KF =—2 g S .

(18)

m

2WWI(T, -7, -O,)

W+W)[©,
3. From equations (18 and 19) we obtain:
M, [Cp, (7, —1,) _ 20N WM, -7,-6,)
O, W+W)[®,, ’
(\Nl +W2) [(Tz — Tl)
2W '

- (VV1 +W2) [(Tz — Tl) — \Nl +W2 I,—-1;
: =(T, - - =|1- -
o ©,=(T-r) 2 { ( 2, )EﬁTl_rlﬂEﬁTl 7). (1)

2. The equation, according to the sources [GN]_". = (29)

(20)

whence it follows that(T, =7,) —©,, =
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Paragraph 3 contains a complex which charactetimedegree of recovery:

W, +W -
1 2 nL-n =R 22)
2 W, t, -7,
4. Equation 3, with equation (21) taken into aotois transformed into the following:
O,=1-RI(t-1). (23)

5. Hence, according to the literature [6, 8]: R=1- (24)

t,-1,

We modernize the known characteristics, such a®fficiency HE (dimensionless specific heat
load of the apparatus), NTU - the number of uniteeat transfer, presented in the works of sciemntis
Zinger N.M., Migai V.G., Sokolov E.Y., taking intccount equation (23):

_9__Q  _Q0-R__,

- counterflow: £=——= 25
counterflow W (-1, @ W (25)
1—ex%}-NTU[l+Vwm]}
Wmax
- straight flow: £= W <1 (26)
1+ min
KF Q £
Th ber of units of heat transfer:  NTU = = = 27
e number of units of heat transfer W o .w_ 1-R (27)
where W ;. ,W ., - smaller and larger values of the water equivatémeat carriersyV =MI[C,.
The average mass heat capacities of water ardaadiby equations [1]:
C, =4,187+ 1,05110° Ot(,, + 35) (28);
_ 0
C,, =4,187+ 1,05110° 0% ,, + 35) (28)

The average logarithmic temperature of the heertemar(@m) was calculated by equations [1, 2],
K:
- for plate-type devices:

_(tl_rz)_(t _Tl)_

- counterflow: G)m = t s ; 29)
In1 -2
t,-1,
_t-n)-(t,-1)
- straight flow: O, = : lt _; : ;
Int -1
tz T,
(30)
- for shell-and-tube steam-water devices:
T, -7
On=— 7 (31)
H - Z-l
In
tH - Z-2

wheret - coexistence temperature of water vap6r, which is determined by the vapor pressure
in the apparatus according to the tables of thertbphysical properties of water and steam.
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In plate heat exchangers, in general, a counterfrmtion of coolants is organized. The mode of
the coolants motion is determined by the valuehef Reynolds number (Re). If Re > 50, then the
regime is turbulent, if Re < 50, then the modeh&f toolants motion is laminar [2]. Therefore, the
equation for calculating the Nusselt number is ctel® depending on the mode of motion of the

coolant in the heat exchanger channels.

To test the validity of the formulas (24; 25; 2 compile Table 1 with the initial data and the
results of the calculation. Table 1 shows theahiiata for plate HEs with the area of heat exchaig
one plate F1 = 0.3 frfrom the literature source [2], according to tipedfication for FP-14-73-1
("Funke-Tyumen" firm), and for shell-and-tube steamater HE (HWH-5000-3,5-8) are the initial data

from the source of literature [1].
In Table 1T, =T, = 403 83K according to literature [1] for HWH.

Table 1. Initial data and calculation of efficiency coeféats of HE

doi:10.1088/1755-1315/194/6/062007

a

a

ata

)

Value
. Plate Tubular
No Parameter Size 03 P14 | HWH-5000- Note
-3,5-8
1. Q kw | 700.0 589.2 164808.0
T K 353 393 403 Manufacturer's da
3. T2 K 333 336 -
T +T
4, T, K 343.0 364.5 - T,=-1 5 2
5 C K] 4200 4.214 Equation (28)
. . ) - uation
pe kg [K d
6. M, "9 | 8333 2.453 : Manufacturer's dz
S
W .
7. W:Mir 7 34.99¢ 10.337 - Equation (6)
8. [ K 319.0 333.0 378.7
Manufacturer's da
7, K 336.2 353.0 402.0
+
10. T, K 327.6 343.0 390.4 T, = 71—272
11 C K 4.194] 4.1997 4.2440 Equati
. — | 4. 1 4. . uation
rv kg |:K q (%
kg 1
12. M, — | 972 7.01 1666.67 | Manufacturer's d
S
_ Kw .
13. W, =W__, 7 40.78 29.44 7073.30 Equation (6)
14. O K 15.35 14.28 8.89 Equations (29, 3]
15. R - 0.549 0.762 0.647 Equation (24)
Q(l-R) .
16. f—e o =1 - 0.588 0.950 0.930 Equation (25)
17. | NTU=_ £ - - 1.30| 3.99 2.64 Equation (27)
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3. Conclusion
1. The results of calculation of errors in the averati speed (up to 6%) and heated coolant speed
(up to 1%) show that the reliability of formulass(and 17) is satisfactory. The formulas can bel use
for the design of plate devices, as well as forrajp@nal monitoring of parameters in order to
determine the operating modes and efficiency of eeehangers (HES).

2. The analysis of Table 1 shows that when deténgithe efficiency of HF, the recovery factor
for tubular and plate heat exchangers of the hagplg system is within the limits &&= 05+ 0,7.

Additional efficiency factors of HEe(- dimensionless specific heat load of apparatdd) Nnumber

of heat transfer units) are determined considetiegvalue of R. Calculation of such characteristiss
R, &, NTU shows the effectiveness of HE operation piedi that the tests are performed under
identical conditions.
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