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This study examines the effects of helical turbulators and impinging jet cooling
systems on heat transfer performance and pressure drop in annular heat
exchangers. Key design variables-including blockage ratio, helix angle, and
turbulator geometry-were evaluated. Computational simulations using STAR-
CCM+ software were employed to validate the results against experimental
benchmarks. The findings demonstrate that increasing the blockage ratio and
decreasing the pitch notably improve the Nusselt number, albeit at the cost of a
higher pressure drop. Square turbulators achieved an average 15% higher
Nusselt number than circular ones but incurred approximately 20% greater
pressure losses. The influence of impinging jet cooling was further investigated
across two distinct geometries, revealing that jet configuration and crossflow
interactions significantly affect thermal performance. Among the configurations,
Sample B-with a greater number of jets and a more uniform heat transfer
distribution (evidenced by a 10% lower temperature standard deviation)-
exhibited superior cooling characteristics relative to Sample A. These findings
underscore the critical role of impinging-jet integration in enhancing heat
exchanger performance by elevating heat transfer rates and controlling pressure
drop. Moreover, results confirm that combining square turbulators with
impinging jets can substantially improve exchanger efficiency in industrial
systems. The outcomes offer practical insights for developing energy-efficient
heat exchangers with reduced operational costs and extended service life. The
study also identifies opportunities for future investigations into hybrid cooling
strategies incorporating advanced materials and structural modifications for

high-temperature thermal applications.
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Fig. 1. Geometric parameter sketch.
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Fig. 2. Attachment of the turbulator to the inner annular wall.

dade 5 (Fle slaygVay w4 (¥) 5 (V) sladss

S 0038 G [F] Qe 5 el i o LS |y ol l>
ol ol 29 o datbldmwgi MolS” VADR dgd 53 (gadls Ly
b QB YD 4y bygi¥e 5 jl S by drwg 458 o i
sl byg¥e s | o pelie Jig> ) J SlSy Jsb oioen
ol Gl (DIDO) (s5il> jlad s A QB ol sl

Ladlan (gwdiges 13 (593 | £5
¥ 5)les A 590 MFF s

VRS S5 W R B EH 5 PSR R USRI P S RS T N Ao
Slodl assl 5| 555 b aalllas ol (gl dlsaas] o X529y it
S ol ol sl 5 93 el 3 oo ()L )5V g0 5 3)90 53 S0
b

il s e ibatue glzme S 3 gl gl ()
oS Cad U5 ol 4 el NS b 3l JUIS £l ao 3 Ve Yoo
by @)l JUisl sblie g b o (Rl (a2 $ LB gbar jLis
ol bl o b33l 3,8 o )3 eledlleos JLib cdl ol
£is)) ol 5515 ST 5 0 Sgime iy g ity JUS (] g0
(s5il> Sy Jb ol b og aless jae a 0B oL sl U
gyl S o )b )18 (amle ©ygon & by Ve dl; L
oS bl lien by il S )l b ply 95 Ye
gyl 5148 s9e gl Sl ol Oml Cumm 4 CS o
SIS Gl asl U S 4 and el S sy
bl xS’ o0 o | b 2 Lad oyl 8l g0 3 (590 Alg) 59y (o5
3 oA plofaadl ol sl 0 o ablite hy > 4
Slo o (Bl S5 dg) slasel jd Cuwyd by Ve 5

b ol Ggsm ) sy 2 Sl Jisl Gl Lol an (¥
e gl dbml cel il Ve clp FS)5 dhuil cus
J> b G 1) 5V 0 e & 9500 Ui (4522
Conar &t e F3p S 5305 25 51 W5 & oy o 35
Som oM pyS gaw 1) Gl g S (0 8 > B> g 5l g
S o )

JUE G 30 jbagls (slmosis 4y by yo ciludl 4y a5 oK
Lol do 3 5o Gas ¥ u»)\fw (@) y55Y 51,5 g5 couiS 0 0SS
3y90 Wilo «Cul S5 Jlewr )93V dgl; 45 3,1 3929 (63150 (>
Ol sl 53,8 gy ) 23 VOB (oblg; & [F] () Sen 5 ege
b a2 V0 jlasly (5855 5 0 sly )gi¥5 gple 4l canlllan
ok lp Sl I xSa oS aoly ily Jdo b Qb asyo Y-
SaS sy ol S S Gilednd 4 SWS (gl M JUK
gaw Cuow & 53y b 31 L8 sl e 5l 25 S gy &
Sl yg Vg5 Aile g 3 A ygly ST 5 (o 4 3) (0 oo
5 o Jas et ol

el lso 5l 618 ySilio b o Wi Sl clasgSay Lo szal
3929 Pl sl (owdid oS g & Sloj U (b jtin gilwding
ol plxl ogou (V) JSKs gad 001y o (wd Cjgody el anila
&S L) 0 UL““’ 1) ol ):JLM a'ddl!b)m‘)l; RS ULM: ‘) )lf



Lablgn codign 53 (55
Yy ¥ 5ylad & 593 VE-F s

o Sy Jols & a8 (o0 ) ) (oolojl o ple (V) g
b B Cpimed g (Sias] odimd i3l Jole a5eSzun ek wb
Ll N Slogls L;Lhui..n.w] sleolaol b S
meple 0ge3l =Y Jgoe

Table 1. Test matrix.

Turbulator shape Square / Circle
Blockage ratio (e/h) 0/56 —0/24

Helical angle () 15°-30°

Reynolds number 25.000
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Fig. 3. Concentric tube with helical turbulators.
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Fig. 11. Pareto chart of Nusselt number versus pressure drop.
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Fig. 19. Effect of pressure drop versus blockage ratio.
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Table 2. Geometric parameter inputs.

Geometry | X/Dj | YIDj | Z/Dj H/Dj | Jet#
A 8.4 8.4 1.8 7.4 112
B 9.2 9.2 1.9 29 135
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Fig. 21. Thermal control configuration.
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Fig. 27. TSP calibration curve.
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