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Abstract

Addressing the pain points of high energy consumption, harsh temperature and humidity environ-
ment, and fire hazards in traditional electric heating drying equipment in the shoe manufacturing
industry, this paper develops a novel intelligent shoe glue drying equipment based on air source
heat pump and variable frequency technology. Based on the reverse Carnot cycle principle, a dual-
duct thermal circulation system with internal and external physical isolation is designed, and a cus-
tomized 9KkW microchannel condenser is used to achieve efficient heat release. To address the prob-
lem of uneven flow field in traditional drying, a cross-flow fan is introduced, and a rectifier duct is
installed according to the “effective pipe length” principle of fluid mechanics, transforming disor-
dered turbulent flow into stable two-dimensional laminar flow, resulting in an outlet air velocity
difference ofless than 0.05 m/s. Actual measurements and energy-saving analysis show that a single
heat pump drying module reduces energy consumption by up to 62.0% compared to traditional
electric heating modules. Combined with the “dual-purpose” characteristic of heat pumps, it can
generate indirect cooling benefits equivalent to 20.6 kWh of electricity per day. The annual CO2
emission reduction per module is approximately 12.3 tons. The equipment significantly improves
the uniformity of thermal activation and yield of shoe adhesives while substantially reducing car-
bon emissions, providing technical support for the green transformation of footwear manufactur-
ing enterprises.

Keywords

Shoe Adhesive Drying, Reverse Carnot Cycle, Air Source Heat Pump, Energy Saving and Emission
Reduction

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. {TALERAR S 4R
L1 FIEFLMES L RES

(1) AER e [ ) 3 7 b 2 WA

1) P L i R T ) SR B Tk WREE P R AT IR E A TR Y AR S
PR, EEA SRR & RS, IR E R R KR 5 s D E A . Rk, R
BT A BR PBE A 5 AN AT Ay, [ A 2R A P A AR SR R FRAE BRI, A AR ORAEEAE 120
fZFE N30 120210, e T AR R B E T L AN D). ERRKNFRE G, XHELEENZ
e PE R AR IR P AR . AT IR, 4% H AT Py O B AL UK I T B, R
B AU RE, T BRI 23S A SRR S o E A4 [ AL T35 IR AS PR ) B Jl 28 A 7= 2 S 5 4 15,000
% 20,000 2%, FAAEEWAT TP R 2 IR R & TS H][1]-[3].

(2) SR HIX I P A2 O HUAT 5 o L

P2 B A R SR, B Il S T o B B P AR B AR, Foh DR A R M T, R
YL XOAZ O IS S ™y, A& AR L s g i ol o AR M 7 AH OGP it 5 A JF Gl

SIZ
=

DOI: 10.12677/met.2026.152025 239 WU TR 5


https://doi.org/10.12677/met.2026.152025
http://creativecommons.org/licenses/by/4.0/

whmAR

SR H AT REE T = 2 RN, A 1% S-S5 AR 8 2R 7= R B IR S A T
i 5000 2%, AR —H A PR R T A E SR 25%~30%. ZHIXAMYZEE T
i, 3617, MR AEARE W N AMAIA R, Higahi = & 5 32 W 4R g, Ereig siRiNEEZ) &
AEERPEEA 20% [4] [5].

(3) 1k R 5 PR THLE T i 5t

BEE E K “RRosug . B SRES e, DR COMRERARTHT AR By, 51
AR T BRI R T 2086 4%, MARQR SR 6 1) o A AT\ AU HE B 76 38 Fh /Il B 350 E AR IR S5 AL
A NV e R RS, BARHE T Re e g = 6] .

HIEAT L IEAL T H B 9k A7 ) “ SRl s ARSI 7]. RN AE = k4, — T
HAEEN SR, — 7R ERE BERAEIREAE. RS FERE B C ROV B2 3R M
AT EAEPRGOTHRT) “RIET” B0 STERMET TrrsReisE, sINmmestbn==
REARIRHETHL, R RKHE AN AT R, WAL “T. 57 NEMRfFEELERTY, B
RICREFE R BRI T e B R s kAL RE

80 12

-12

|
N,

-24

\//

V209 269
— N4

WIE REE JRE ¥R LRE IHE LEW W)IE $ins ity
= A —o—Rk%

—4

-36

Figure 1. Market share of the footwear industry in various provinces
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Figure 2. Composition of athletic shoe soles
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Figure 3. Main components of shoemaking processes
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Figure 4. (a) Physical phase transformation process; (b) Working principle of air source heat pump
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Figure 5. Overall structure of a single-channel shoe glue dryer
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Table 1. Measured wind speed data for different cross-sections (partial)
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Figure 8. Wind speed data for different cross sections
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Table 2. Comparison of key parameters between traditional electric heating modules and new heat pump modules
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FRIE E RSB B ZAN T HMlF 2023~2025 4540 B AT Mk Abii = S A HE R S 5%
ETAERIERD 2 E R BRARIAE T EF,,, BUEY 0.5703 kg CO/kWh [12].

FOCIN B, B ZE T R Va8 B A A 1) — S B i ER ), Y-
ER.., =E, xEF,  ~12,370 kg CO, (4.5)

grid
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whatR 5

DR — ALRRHER 9 KW AR TR, A AR R RI AT i 12.3 mip) — et — 6%
FRET 10 AKRBRK LR HUEF BT 3~4 DX FERR OB, HBPEBERHR T IA 40 MLl . XAMY
PIEEAD HE “ER T SR T BRSO, RTINS AR B R L 1R T L IR (E
e TR DR R -

5. &g

BEXIE G AT ML T SRR TP A RN s RIS IR 5 R AR AR B B A
Ji R, AR TR R 52 RE 05, B IR R T kAT A R R S AR [
REFREICHET W%

BB R NEBOR G NBEIE KL, it A ANV EERE 5 O XURGE IR 2 5. il 2w 9
KW Z i 4 ik ds, 7EARRUBE R SEBLm RO FAIRI “ — WU bk, EREIE 3 RO T 1R
) 2 (A HEC A s iR T NARAL IS5 .

BEX % Gt KL 5 7= AL 2 IR, 8 58 1 B XL 38T RCEARJEINE 1 50 mm Hiit X
o ZHIMBHERY], PUAE B AR XGRS EE 3.5 m/s ZiAT, BATA E 22N T 0.05 m/s. 145K
KT F BN E R, Wk TS, IRTHEIR RIS R AR

LR TN, P49 KW ZFIRMT R S BB HnT B FLRIZ AT REARIS 62.0%, &FH
AT SRAR T 20.6 kWh (1R 22 i B TR o R ARSE R EE R mT i/ 240 12.3 WY — S AL AR HET .

ZR LRI, OB BB T B ANOAENUMES 1 5 2 18l A it RS lBoR et s AR RE
RBRHER L, RN TS 2 A Py se B “ XUk BAs R R R E s e, 1At 7 — B TR

T & .

SE 0k
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