Tishreen University Journal for Research and Scientific Studies - Engineering Sciences Series Vol. (46) No. (4) 2024

Factors Affecting the Improvement of the Performance of the
Rankine Cycle Heat Exchanger (used in the summer and winter

cycle) Based on Groundwater Energy in Damsarkho
Dr. Jaber Diba"
Dr. Darin Bourjieh ™
Oula Alghada "
(Received 3/6/2024. Accepted 7/8/2024)

O ABSTRACT O

Heating and air conditioning devices are major consumers of electrical energy, so
renewable energy technology was used to make these devices operate on a renewable and
sustainable energy source, such as a heat pump. In Damsarkho, previous studies reported
that its groundwater can be used in a heat pump for heating and air conditioning purposes
according to specific hydrogeological, geochemical and geothermal conditions. The
research focuses on the heat exchanger performance of a closed-circuit (air-groundwater)
heat pump, in which the heat exchanger is placed inside the well. The performance of the
exchanger is improved by designing it to suit the specific conditions for exploiting
groundwater in Damascus, while studying the factors affecting improving its performance
in order to increase the pump efficiency and reduce the manufacturing cost. A set of design
calculations were performed, including: (mass flow of air and groundwater, Reynolds
number, convective heat transfer coefficients for groundwater and Freon, the percentage
increase in the total heat transfer coefficient for the exchanger before and after the fin, the
percentage increase in the total heat transfer coefficient with different values for each of
the conductivity coefficients) Thermocouple of the fins, the height of the exchanger, the
distance between the windings and the helix pitch). After obtaining the results, they were
presented in tables and represented in graphs using Excel.

The results show that the factor with the greatest impact on increasing the overall heat
transfer coefficient among the factors studied is the fin width with an increase of 3.9%,
followed by the inner tube diameter with an increase of 3.8%. The third factor in terms of
priority in influence is the number of turns of the ileal tube with an increase 3.6%, while
the two factors, the spiral pitch and the tube height, have an equal effect with an increase
of 2.9% for each. The last factor is the thermal conductivity coefficient of the fins when
they were copper, with an increase of 2.7%.

Keywords: Heat Pump, Helical Heat Exchanger, Fins, Reynolds Number, Convective Heat
Transfer Coefficient.
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0.35% | 0.751 | 0.403 | 0.986 0.037 *1.29210 ~3 ' alad G gl e
30% daly
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sl 8 3.126 WimPk ) 0.403 W/m?.K (e oy s IS 5 0all Jll Jalee of Jsanll el

e hall S g KN 5 yhall Jl) Jalae 2133 Cagas Caile ) 3ale Alage Jalas 50l po 4y Caieall
o il Caile sale i e e hall &SI CpuSU IS 5 lal) QUi Jebea 50l Aot xt ABDle a3
(7) Jsa

S5 ) Al JE Jalea 3ol A
(W/m?.k)
3

AKA
1 syaall e e
— —)—
A10, O L
p pries
PYyC
0 50 100 150 200 250 300 350 400

(W/m.k) ) Al Al gua gt Jata

ccdlegl Bale s e ciiedal) AN GapaiSUL S el JUEGH Jabia 3305 Apeidd Aball sl (7)JS)

Al sall Jaleay caiejall L gD S 3l QU Qoo 3aly) Aot G Fadpla AR o JSa
alee o Se Al sl Ol (g ddlasall 80 Ay 5 L uSallys Letbialy 2oy sed cailell Ayl
(6) Jsaall 3 Lgd ddlide o ae i hal) alalll (sl S 5y0ad) i)

stV il Cp ABlaall it pa cisal) AN Gigaid S B al) JUESH Jalaa S L(6) Jgaadl

L L
K K A A t c S P H

AK% f, 2 5 s (m) m] N c a N

Wim2.k) | (W/m<.k) | (m m c mm TfA F mm mm

( ) | ( ) | (M) | (M) (mm) (Wim“K) (mm) | (mm)
2.70% 3.1 0.403 23 9 21175 | 0.77 | 273 16 151.088 | 26.6 300 8000
2.90% 3.33 0.403 19 8 181 0.77 | 235 20 151.088 | 26.6 300 8000
3.1% 3.36 0.403 15 6 140 0.77 1 182 30 151.088 | 26.6 300 8000
3.25% 3.49 0.403 12 5 114 0.77 | 148 40 151.088 | 26.6 300 8000
3.33% 3.66 0.403 10 4 96 0.77 1 125 50 151.088 | 26.6 300 8000
3.44% 3.77 0.403 8 3.25 75 0.77 | 97.5 75 151.088 | 26.6 300 8000
3.50% 3.89 0.403 6 2.5 54 0.77 70 100 151.088 | 26.6 300 8000
3.56% 3.9 0.403 5 2.25 46 0.77 54 150 151.088 | 26.6 300 8000
3.60% 3.94 0.403 4 2 38 0.77 38 200 151.088 | 26.6 300 8000
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S Jshally lalll oo J8 Cage <l Jale i) ae sl Ol Adlasdl 305 e adl Jpaall el
sl S syl Q) Jalas 30l dawst ad ADle aw)y 35 . S syhal) Jliml Jalea dajys sl
(8) JSa L Laly hlall) (s Ablsall et e i hall sl

(W/m2.k)

150 sad) I Jabaa 53 nad AKS%

e

!

[0
h

50

75

100

125

150

(mm) <5591 Gl G dBlal) S¢

(AN Ablaall padisfall AN Gl S 8 ad) JELH Jalaa 53l dpeadd bl aesll (8) S

Sy Alaally e jall G S S 55a ) U Jalae 3205 Gt (s unlal) A8 JSEN
Il Al (35S (18 ¢aa Raaly Ciilel (s ABlual) i€ 1) L uSallyg o 3basls a2y b i) sy

830 Jaal) Loy (3807 Caile ) aial 288 Jan Adpn Adlasal) uilS 1Y) ()il dal e Catle ) o alg
phall JUl Jalas e LI sl g i) 580 Luhs 8 5 phall Ji 5l (aliaal ) a5 odllal)
(7) Jsaall b gl Adlie o ae Ciicdall &l g IS
A oY) o) s aa ASH Blad) JUEE Jalea 8ol Asad s L (7) Jaad)

K K A A P S H
o) f f

FOR owimio | owimig |y | @y [ R ) Re ) Ne e o | o) | @omy
2.9% 3.33 0.403 19 8 180.95 | 0.77 | 2351 151.088 300 20 8000
2.7% 3.1 0.403 10 4 90.86 | 0.77 | 118 | 75.7144 300 20 4000
2.5% 2.9 0.403 5 2 4543 1 0.77 | 59 37.8288 300 20 2000

L 0 ADAe auy g L S Bylad) JUS Jelee (missy Cos sl g i) glad g adl Jsaall ek
(9) S 3 Taly g1 g i) sty e Ciiehall a8l puSU IS 5l JUE) Jalas 33l
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Adic)l) sghi yuad aa ciisall ANl S ASH Bylad) JEE) Jalea s . (8) Jgaad)

Ny

K K A A L L Sc a P H

0 f £ t C Tf

AL wimzi | owmzky [ @y e | e | e | Ne | mm) | owimtk (mm) | (mm)
2.9% 3.3 0.403 12 5 1139 | 0.77 | 148 40 151.1 266' 300 8000
2.9% 3.3 0.403 11 4.5 103.6 0.7 | 148 40 227.2 40 200 8000
2.8% 3.2 0.403 10 4 94.7 0.64 | 148 40 454 4 80 100 8000
2.8% 3.2 0.403 10 4 91.8 0.62 | 148 40 908.8 106 50 8000
2.8% 3.2 0.403 10 4 90.3 0.61 | 148 40 1817.6 302 25 8000
2.8% 3.2 0.403 6 2.5 56.9 0.7 74 40 75.7 133' 300 4000
2.8% 3.2 0.403 55 2 51.8 0.7 74 40 113.6 20 200 4000
2.8% 3.2 0.403 5 2 47.4 064 74 40 227.2 40 100 4000
2.8% 3.2 0.403 5 2 459 0621 74 40 454 .4 80 50 4000
2.8% 3.21 0.403 5 2 45.1 061 74 40 908.8 106 25 4000
2.1% 2.5 0.403 3 1 28.5 0.7 37 40 37.8 666 300 2000
2.2% 2.56 0.403 3 1 25.9 0.7 37 40 56.8 10 200 2000
2.8% 3.13 0.403 2.5 1 23.7 0.64 ] 37 40 113.6 20 100 2000
2.9% 3.31 0.403 2.4 1 22.9 0.62 ] 37 40 227.2 40 50 2000
2.9% 3.33 0.403 2.4 1 22.6 0.61] 37 40 454 .4 80 25 2000

Gl s i gsilall ssha glaiiy H=8000mMm dedy &l sadl el g i) wie 4l Joaall el
S sl Jll Jalae midsy Jlially (&1 oTF Catle Ul Jaally 5y)all JEnl Jalas Lgae dajes Nposilall
daghy AL Qe ol play) e adly cmedd) WD e KN sall Jls) Jelee
oTf Caile sl Jaally 3hal) Jlal Jalaa 23 Nposilall culdl sae dlay goilall sha oladi H=4000mm
Sl s el g i) diey gl ISy Caiedall 8l e IS ayhall Jliml delee 22y WS
Jeall 3 hall JEnl Jelee days Npoodall cldl aae alay ggilall sshbd Glasiy H=2000mm Lo
sy @l ISy caiejall &l oS IS el Sl Jalee JSI 5l JUE) Jabeay oTF Caile 0
H=8000mm ¢ L)l sic ogilall ssha 50 ae Ciichall sl (osaldl IS g)hall Qs Jolee i 3o
(1) gl b Lol Cae el aslalll sl
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e A el JEl Jales 30 dpd 223 aicdall a6 S0 H=4000mm ¢l xe JSE G
lawy g3 5 P=200Mm die ded (=0dY Joail latilly lag & P=100mm ia ookl s5lad ol
LP=300mm 2Lay™J
gliy) e goilall shad i ae ciichall W QU KU phall Jlinl delee s ADle auy
(13) J=al s Lol Caiejall aslalll 58U H=2000mm
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H=2000mm sic 4jlall sobi ,uid aa S 5yad) JEDH Jalaa 53k5 dpad. (13) Jsill
SIS Byhall Jnl Jalae 5aL) A aid® ccaichal) &l GipsBU H=2000mm gl xie JSaN o
Slo Tasesll pampe HE6 dulpy & & .P=300mm s gglall sehd aba)) ae caichall sl el
(9) Jsaall b L dibide af DA (e cicjall L e KU 3yl Uil Jales

Aol e il aa diisdal) AN CipuSU S §ihal) W) Jalaa 5 . (9) Jgaad)

K A A w T L L S P H

AK% Ky 2 b 2 : < | N Orep Np
(W/m?.k) WIm“K) [ (m) J (m) | (m) | (mm) ] (m) | (M) (mm) (WIm-.K) (mm) | (mm)
3.9% 4.4 0.403 16 9 ]0024) 10 1211.710.77) 273 16 151.08 | 26.6 ] 300 | 8000
2.6% 3.01 0.403 23 9 J0034] 20 1211.710.77) 273 16 151.08 | 26.6 ] 300 | 8000
2% 2.5 0.403 29 9 0.044]1 30 211.7)0.77 ] 273 16 151.08 | 26.6 ] 300 | 8000
1.8% 2.2 0.403 32.6 9 0.049 35 211.7)0.77 ] 273 16 151.08 | 26.6 ] 300 | 8000
1.6% 2 0.403 36 9 0054 40 1211.7]10.77]273 16 151.08 | 26.6 ] 300 | 8000
1.4% 1.8 0.403 39 9 0059 45 121171077273 16 151.08 | 26.6 ] 300 | 8000
1.2% 1.6 0.403 42.5 9 0.064 50 211.710.77 1 273 16 151.08 | 26.6 | 300 | 8000
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