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Abstract

The drying industry is a major energy consumer in China, and heat pump and dehumidification
drying technology have been paid more and more attention because of their high energy efficiency
ratio, environmental friendliness and better maintenance of material quality, it has been widely
used in drying different kinds of materials. The air energy heat pump drying equipment studied in
this paper is mainly used in the field of livestock and poultry manure drying and sludge drying, the
distribution of temperature field and wind velocity field in the drying room with different air duct
layout is analyzed by using the Flow Simulation module of Solid Works, in order to improve the
drying environment of material surface and the heat utilization ratio of equipment. Firstly, the si-
mulation results of the temperature field in scheme 1 are compared with the measured results,
and the relative error is less than 5%, which proves the reliability of the simulation results. Se-
condly, the temperature field and wind velocity field in the second scheme are simulated. Through
simulation, it is found that the improvement effect of the wind speed field is not obvious when the
axial flow fan and the wind guide plate are added to the original structure of the equipment,but the
improvement of temperature field is obvious. After installation, the surface temperature of the first
and second layers is increased, and the temperature difference along the width direction of the first
and second layers is greatly reduced. Considering the effect of temperature on convective drying is
more than wind speed, and the improvement of temperature field is obvious in scheme 2, the air
duct structure of scheme 2 is chosen. The simulation analysis method has certain guiding signific-
ance for the design and improvement of air duct structure and fan arrangement of drying room.
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TR SN T R — N R EE I, ARG REIEAT TR, TR R 2R, 3
REFELLALAE 1 DAF s PRI B8N S P0RH AL G TR PT REAA BIFRARRAS, BPSRbrfvRI 2N T 1,
T UL, FARIA R — AN REREBOR I A A1 [1] [2] [3] [4]- £ B RB T B b, SRR U 8% .
ORI AL LA SHE TR T, SR DU 36 2407 sCN A T R R i i, (Rt
PR 2 (— AR AR IRA S §EG PR AR R VR DA A I 7 S B TR A T R 2, A BB R4
BEA R 53 (1) B SRR [5] [6] [7]

— R F TR R B AR Y 30%~600%, 4K BB 73 RSB, $RATIA 50%~75%.
REAE T HUE A — PR BT 15 2%, DAL IR A8 A4 bb i (R FABE R L ATk 3~4) BTl 2 5 T4l i
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M ETE, 4R RASIEFR, $H] % ATk 50%~75%. HtF- 14 B3R F 26 3 SR 9 T80 5 S5 0kt
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Figure 1. Schematic diagram of equipment structure (main view)
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Figure 2. Schematic diagram of equipment structure (back view)
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Figure 3. Schematic diagram of scheme one air duct (side view)
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Figure 4. Schematic diagram of scheme one air duct (back view)
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Figure 5. Heat and mass transfer in convective drying process
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Figure 6. Simplified model of the first air duct structure
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Figure 7. Simplified model of the second air duct structure
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TE Flow Simulation #&hrf, FEXF NN ERAIR. SN HERITHE.
3.2.1. REMRAHLANRE

AR, KB ORBUSENE 1, hia) & TEs R AP S En % 2.

Table 1. Main parameters of centrifugal fan

=1L BUORNEESH

)& IKw 3 r/min K& /méh 4: % /Pa EEREAY

3 2930 2000~6100 1880~470 380
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Table 2. Main parameters of axial fan
=2 WA EESH

TR IKw B3 r/min K E/m3h % JE/Pa EENEAYS

0.75 2900 6500~4000 250~330 380

3.2.2. PRAVEE

Ak F AR R 5 o W BRAE ZW125KBE-TFP g [E46 0L, 18173803 3. HAFI7E A Gty
AHEHE—ANRR AR, FEANAEEIHA TR RER, SR RR ARG, B HERS
HA BRI ZEIR,  RITE A BER NI IR AR B E, 2 il X MR XRE  X =AM X . X
FEVHEA )5 2R W AR PR ZE AR T A%, 25 REF ¥ 70 AR RO 3 SR AE T [ A kB, Tt
B PR A — B 1, 9 T AT, AR R A A ki B [19] [20].

Table 3. Compressor operating parameters

3. EHEIBITESH

BT thil P Rzh
Rated Heating Sound Vibration

AEERFE(C) 75 54.4 54.4
ARIRPE(C) 10 7.2 7.2

R SGS AEE(C) 5 111 111
WA A FE(C) 10 8.4 8.4
I (C) 35 35 35
NS A (Hz) 50 50 50

“HUE AR BRI AR (R T4 T e 2 A R PR L) o A Bt g Y

JEAEHLA LB K

PR HERIRE — B LA BEE = 20°C~25°C, PSR LR R IRE M 20°C~25C, IXHL T I AK i
MBS TR o R 2R A R EERS . SRV BEAMR 73 Al 34T 1 B o A EERHR E 364.2 K, 2K R #8iRAE 306.2 K,
IR HA R 354.2 Ko
323 ZBINMRIEE

ERMIREE, QI EE XA, SIH R g T E . o 80% B KR SR 2 LN
47%, JEFERTEE QAT .

2 FLA R RL A () R K Ergun D5 RE TS, A0 R TR

Ap ge’d p, _ 150x(1-¢)
h (1-¢)G, (d,G,/u)

+1.75 1)

Ap: JEPE, Pa
h: igﬁggy m
g: 9.8m/s’

DOI: 10.12677/mo0s.2022.111010 117 e RSE TR


https://doi.org/10.12677/mos.2022.111010

HER %

e TFURILBRZE, ARESCHR, 80%y5VEFLIRE N 0.47

d,: PPRMRHIERSF (V%6 R K EAR), m

P THRZSEE, kgim® (60°C TR S 1.06 kg/md)

G,: LM SRERSE, kg/(m*h)

ty: THEASRMBIIREE, Pas (60°C T2 S3) 7K N 20.4 x 107° Pas)

ARG N AR EAKRIRFRCON— . Z 2, RIS =)E) )5 %N 0.06 m, BEE T
PRI HEAT Y0kt B RE M AL 3, — 2R 0.045 m, — )2/ HL 0.03 m.

4, MBERISRIA T
4.1. FR—BEGHTEER D

D7 G RRRERA RXANLPIN, 2R RE 71C A . i 8 fios, e SEbrig AT i difE
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Figure 8. Actual operating parameters of equipment
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4.2. BERSFHTER

P 9 AN 10 70 AN S A5 58 AR et (T ] — 57 BB AR P DRI A ] o 25 A JER AT 125 00 UL AR
IR Eoik, FEPRTT S, B R PRIER T S AR L, £008 2.5 mis. 2 SAE R Figshid e,
SR HERIYIRL R BEASAE P JUE I S, AN TT b TR RHE GRS, b r R —rh TRRER
T ALy 1.3 mis, J5 % - ZRPVEIER I XGE ATy 1.3 mis, FEMIAALA /N XIHARIELX , 79 0.8 m/s
Mo BRMAHE ZEWRE SRR KALFE IS, 2 — RS =2k . TR+, F=ZYR
RMRIELIN 1.3 mis; TR, SFH=JZYRERIEGEL) Y 0.9 mis. PIARTT S 1R = 2 8] RGEE N 2],
R 2 HHRZR, HAMTF—E i LR D T 4.

i Image I X 75 R A EYRHE RO XGE Z EIEEATRME - E, Gt AN R RGBT & LB, SR H
FEYRHOFE R . B EH N AR — = 22, TE SRR RGE S T 45 R A% 4 s,
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Figure 9. Analysis results of wind velocity field of the first scheme
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Figure 10. Analysis results of wind velocity field of the second scheme
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Table 4. Ratio of air velocity to each layer of material in plan one
4 FR—EEIRIXESLEE

Tr S BRI RGE 5 B

i 1.6 m/s 2.5m/s 3m/s 5m/s 5.8 m/s 7 mls P E5 R
= (7.2%) (39.3%) (34.7%) (6.2%) (5.3%) (7.2%) 3.3mis
— 1.6 m/s 2.5m/s 3mls P8 TR
= (88.7%) (5.3%) (6%) 1.7 m/s
=g 0.8 m/s 1.6 m/s 2.1 m/s 3mls 3.3mls S5 RGE
—= (35.4%) (37.3%) (16.1%) (10.4%) (0.8%) 1.6 m/s

Table 5. Ratio of air velocity to each layer of material in plan two
F 5 AREZERMIRNZESEE

TR Z R RGE (5 B

= 0.8 m/s 2.5mls 3mis 5mis 5.5mls 7mls SEIY X
= (7.1%) (43.2%) (28.9%) (5.2%) (7.3%) (8.3%) 3.3mis
- 0.8 m/s 1.6 m/s 2.5m/s 3m/s S35 RGE
—/= (13.5%) (77.3%) (3.2%) (6%) 1.5 m/s
— 0.8 m/s 1.6 m/s 2.5mfs 3mfs P X
—/= (59.7%) (17.9%) (11.3%) (11.1%) 1.4 m/s

4.3. BERITER

M TRAENFRARS, WTREE. WRREE. . RESEG, (HIEKH F =Ll
IR TR N UL 20 AT SR R TR R0 o TR AT 0 T AL PR 0 P35 P58 2 A f5 e ot 4 5 S b
P B [21] [22].

B 11 R 12 S R 77 S — AT SR AR R AT F) — 07 B A IR AR . T A2 sh AR AN
Hby IS LR S5E R SRAG R AR, b — B AR FE R = B SR, S — i M ToEbK o 28Kk,
LSRR E YRR XS, BEA B SR, BT R RWELGER, 15 2Pk ED
AR R — & B T, iy v 7 IR 2 . 7 R —rh, — Rk AR T 2 A B 4K 4 64.5°C,
Fr ST SR B 0 KBLI /N X SR ik 68.5°Cs — JEZWIEHR B i KAE N 72.0°C, iR ER/ME N 645C, W
TR 2N T C AT, RS IR AYERTE 68.0C: HR—F=EWE A T LREX
SIBON IR, FEUT KL 2SSOl B, 3z 2 KABL OB EE PR 3.5°C, AHRMRIAIX 7. FR -, —
R 7 R B A A Ee A 5], N 68.0°C, LT R iR 35°C ity YRR A IR AR
YEFFIE 68.0°C, AH/NXIRZSRIBEE N 64.5C, R ERERMEE AOMEMLL; =2WREE
AR RN 72.0°C, HREER/MEN 60.0°C, W TERE T R N 12.0C LA

1ZH Image J X7 R SRS EMEKE I SR E = BT RE S B, G AR S SRR
fil, K& EWERTF SR WH FE AR —. =, 22, TR -&EWELERE S
Wras Ransk 6 fion, RS EWEMERGE ST 45 R sk 7 Fior.
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Figure 11. Analysis results of temperature field of the first scheme
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Figure 12. Analysis results of temperature field of the second scheme
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Table 6. Option 1 ratio of air temperature of each layer of material
#6 FR—EEPR=SRE AL

i BRI A TR b

—J 63°C (82.9%) 66°C (17.1%) SP-H95LFE (63.5°C)
—JZ 63°C (55.0%) 66°C (31.3%) 70°C (13.7%) SP-45735 £ (65.0°C)
=B 63°C (6.7%) 65°C (83.5%) 70°C (9.8%) P-4 (65.4°C)

Table 7. Option 2 ratio of air temperature of each layer of material

R FRZERYN=SIEESE

IR A SRR A TR G

— 66°C (100%) SR (66°C)
= 66°C (81.3%) 70°C (18.7%) 353 (66.7°C)
=B 63°C (57.3%) 66°C (23.5%) 70°C (19.2%) T35 % (65.1°C)
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AR 5T T B2 K oY, PRI TR T 50 AR R BORE K A v e BT o T, SRR R AL )
AR R, PURHEK I, B A REAERR IR R RO . T 5 AR SGE R S IR 0 A AR
L, XA BT R R R IR
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