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Abstract

The situation of the flow heat transfer of the internal thread of the heat exchange tubes with differ-
ent structural parameters (such as having or no threads, different pitches, different thread angles,
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different thread heights,etc) and different working conditions (such as different inlet temperature
of the fluid, different inlet velocity of the fluid, and different fluid materials, etc) is simulated and
researched in this thesis. The flow field models of the internal thread of the heat exchange tubes are
constructed by using UG software, the constructed models are meshed, the flow heat transfer pro-
cess is numerically simulated and the post-processing analysis is done by using ANSYS software.
The research conclusions as follows: Under the same premise. The heat transfer effect is better
when the inlet temperature of the fluid is higher, or the pitch is smaller, or the thread angle is
smaller, or the thread is higher; The heat transfer effect is better when the heat exchange tube has
threads than that without thread; The heat transfer effect is better when the heat exchanger tube
has thread than that has the straight grain; The heat transfer effect is better when the inlet velocity
of the fluid is lower, the simulation is done using a single heat conduction mode with alow Reynolds
number in this thesis. The understanding of the flow heat transfer mechanism of the internal thread
heat exchanger is deepened, and some reference information is provided for the structure optimi-
zation and working condition design of the internal thread heat exchanger through the research in
this thesis.
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Figure 1. The physical picture of the internal thread heat exchange tube
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Figure 2. The sectional view of the internal threaded heat exchanger tube
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Figure 3. The sketch of the model
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Figure 4. The cylinder
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Figure 5. The constructed model
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Figure 6. The mesh analysis chart
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Figure 7. The calculated iterative graph
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Figure 8. The cross and longitudinal sectional map of the temperature field
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Figure 9. The temperature contour map at fluid inlet velocities of 0.03 m/s (left) and 0.08 m/s (right)
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Figure 10. The temperature contour map of the inner threaded pipe (left) and the plain pipe (right)
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Figure 11. The temperature contour map with pitch of 15 mm (left) and 30 mm (right)
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Figure 12. The temperature contour map with helix angles of 25° (left) and 60° (right)
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Figure 13. The temperature contour map with thread heights of 2 mm (left) and 5 mm (right)
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Figure 14. The temperature contour map with water (left) and ethanol (right) as the fluid
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Figure 15. The temperature contour map with helical ribs (left) and straight ribs (right)
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Figure 16. The temperature field contour map with water inlet temperatures of 323 K (left) and 363 K (right)
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Table 1. The table of the temperature records of the heat exchange tubes at different fluid inlet velocities
= 1. RATE#HOEEMRAERNRE IR

Tk CE E (m/s) R (K) H R (K) R FE(K)
0.03 363 328.832 34.168
0.05 363 335.622 27.378
0.08 363 341.652 21.348

MNE LBIRTE Y, HASZ AR T, fE D8y 0.03 m/s. 0.05m/s. 0.08 m/s i [t
H R BN, X R T AR AR AR B W BN E I R, RiHie T o — & S e #or20,
FRTHE N, AR BN, JAATE A H st B I (R) R Ke, 45 0B 78 0 DT 8 TR0 R B R O
6.2. . TBLHAENBEEIGHST

BRI 10 A TCIMBSU I BIR S Y 2 R BU B P L35 2.

Table 2. The table of the temperature records of the heat exchange tubes with and without threads

#2. B, TIBEGEHRAERIBEITRSE

BRI HEOR P (K) HHRE (K) HEH R (K)
TolRSC 363 349.357 13.643
A IRSC(RER 15 mm) 363 335.622 27.378

M 2 BT A, HASRAF R R AR AL T, A RS TR SO H Ve O RE PR 2R, Bk
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Table 3. The table of the temperature records of the heat exchange tubes at different thread pitches

3. TRIREAHRAENREICRE

B2 (mm) HE R (K) H O E(K) HEH CHE P (K)
15 363 335.622 27.378
30 363 336.817 26.183

M 3 Bl w A, AR RSO, BEE SR AR, B gt I DR (R AR K
(1, AU HAAECR B o X2 d IR/, 30 7 T SRRERUREREE , SRR AL BN,
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Table 4. The table of the temperature records of the heat exchange tubes at different helix angles

4. FRIBIERERMAEREFRIERE

Ui #71(0) HE TR (K) H TR (K) HE R (K)
15 363 331.215 31.785
25 363 335.549 27.451
60 363 335.622 27.378

M 4 BT Y, HA SR AR AR RS 00T G MR A ARk, RV ik i R 22 (AR IR,
BRI TR AR/, RO BB, ATRIE RO s, A ELRE IR, HeH
BRI -

6.5. AEMERN S ERERESASHT
KR K 13 ASFINE S FE I I GR35 = B BOE B W3 5.

Table 5. The table of the temperature records of the heat exchange tubes at different thread heights
F* 5. FEBLSERBRAENREERICRE

BRSL i (mm) HE TR E(K) IR T (K) R (K)
2 363 335.622 27.378
5 363 326.262 36.738

M 5 BHE WA, EHE SRR T, SBOGHEEN 5 mm b 2 mm R Rk Y R P
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Table 6. The table of the temperature records of the heat exchange tubes with different fluid materials
6. TREIRAMRIETAENREFERITRRE

MR HECHE E(K) H O (K) HEH R (K)
K 323 311.424 11.576
ZE 323 313.572 9.428

M 6 Bl AT Y, RS SR AP RIS BN S KIS B AN LI v (33 R B
Ko T A FR AR S AR BORF L ik PR 323 KB KA1 SRR 5 34 R 405y 54 0.668 WI(m-K)FI
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F5 T IE] 15 B2HE SOM LA B Hf By 5 AR B 3 L e 7.

Table 7. The table of the temperature records of the heat exchange tubes with helical ribs and straight ribs

7. BREAMEYEHRAENEE ERICRR

BREUBAR HE R (K) H TR (K) 3 H PR (K)
RAESL(E 4% 30 mm) 363 335.622 27.378
HL(EAE 30 mm) 363 337.866 25.134

M 7 BT A, AR EFRMAREARELT, Ve R e g e BLaun iyt i R ZE R,
AR ORI, FARELREEZE R, M AGe /am, PrUUARXIT S, RSN L B RS0 A
B AR BT

6.8. AEiHOREREREIAD T
BT 1] 16 7K FRaE 198 B 23 5o 323 K AT 363 K it i == I Bl 2 7 WL 36 8.

Table 8. The table of the temperature records of the heat exchange tubes at different inlet temperature of the water

= 8. KEANEi# IR E AR AERNIERIERE

R (K) H R (K) HEH R B (K)
323 311.424 11.576
363 335.622 27.378

MG 8 BRI A Y, A EFRIFEAMERL T, vt DR, B Ao . X2
%TEQ&EE(Dz—/IA% K, AUCARAHIEIS , JRHE FHR DR, R EREEEotox UK, il o BOK, AT
B IR RS
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