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Abstract
This paper verifies the accuracy and reliability of the variable air volume (VAV) air conditioning
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system simulation model in the study of duct characteristics under specific environments. This
study takes the air conditioning system of the cruise cabin area as the research object, constructs a
Simulink simulation model, compares the experimental measurement data with the simulation re-
sults for system verification, and focuses on analyzing the air volume distribution and duct re-
sistance characteristics under different fan frequencies. The results show that the duct resistance
has a significant effect on the air volume distribution. By adjusting the air valve opening, the air
volume distribution can be ensured to be reasonable, and the air volume of the terminal device in-
creases with the increase of frequency. The error between the simulation data and the measured
data is controlled within +10%, indicating that the Simulink simulation model can accurately reflect
the air volume distribution and resistance characteristics of the VAV system, verifying its applica-
bility in related research. This simulation model can provide a theoretical basis for the design and
optimization of cruise air conditioning systems.
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TR TR RG[2]. Zhang [3]55F i8I B T O MR RIS ik, AT DUSE A Rtz VAV 25
ARG ENIREAEEE . R FH4E B T T BB RG(BAS)M 2 £ 1 LR B HXIE VAV BOX (1)
A KR 2 T R G AR TR B R RGP R AE T 43 - Kang [5158 050 T 28 KU R Gt 1 B AR KU
XFARETIENE L 2 N SRR A REFERIREI, $EH T — P K E B ME R T, BRI R SR
Pang [6]55 AR H EnergyPlus #AF5A R #2650 T 1) VAV RGi1ERERHATRALL, 2t TIEH T VAV &
GERVEREVPAG R UE . BAN, AN/ R T ORER VAV KB EI D59, DL A B XU 5 R A0 oK s 45
#VERE . T O[T 55 B G R LT U8 47 Tk i o R 1 I ) K R R G35 il R i S, O S BL
11255 SR B [ B R AT 0 B XML R FE SR T SRR « ZE R R [81 28 1 — Al 2R A KU 5 R R e ) vk
Bl R EE S R RIEE AR . R O1EE T MM TR ARG, WA DR EREHIE AT
Mok, SRR tMEASIT AR X R G A K&

AR, VAV RGEPEH| IS % HAME RIS ZOR S, HEeE St i 14 tEame, FRIK
AN ERREEIEAE[L0] [11]. 1% RGETTREAMEFE M R A BHBARH, B8R HIRE 2Pk, — 5,
BT HRAE T RS B A, ANFRE SRR R BA B35 25, (615 VAV RGN E 73 Bo FEE K )
Pl EAAERAC S E] . 53— 7T, AR SR Z MO0 BT, B2 SEIRIRE, MEAVERR T VAV R4t
E SEBRMBFE PRI T RS AT REE o I HRES 2 I R0 LA RR RN, 7528 S AT AOAUAT T i) 2 AR BB 26 A

+

N
£

DOI: 10.12677/mo0s.2025.145391 260 AR5


https://doi.org/10.12677/mos.2025.145391
http://creativecommons.org/licenses/by/4.0/

FIEIR, PR B
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Table 1. Summary of measuring instruments
F 1 MEMFLER

MEAXLF L FRI S MESH MR E bi9ics <R v
JEh=:s o= X +5 m3/h
TS19565
AN = RUE +1 Pa
Testo417 k= = R +0.1 mé/h
T LR L e ERGRE . M2 R +0.5 C

Table 2. Summary of sensor models

=2 ERRBESILER

G A E iRss =g itie
. ‘ o 0~50°C +0.25
TRVE S AR IKES A= B (3T AL 2 B E + E160
0~100% RH +1% RH
ERENERE %, HEXE W Setra268 0~500 Pa +0.5%
3. fHEER
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A [R) HLAZE R RV BEL D A T B R 0 S S R G Re It o D7 RS 5 SRR it SR e & 28, L T
PRV A o AT B DR, SR AL T IBES 2 T R G i B AR AR o E T R G A TR
JEATEERESH W T AR T ARG is T Ese.
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Figure 1. Simplified diagram of the duct system model
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Figure 2. Simulink duct model
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Figure 3. Total pressure and static pressure curve
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Figure 4. Internal power and efficiency curve
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Figure 5. Fan model
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Figure 6. Variable air volume terminal device model
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1) NERIZH

TERE R AR b, B BRSERE N 23 5 o E B A S S, MBI FE 0.8 my XU
BIETERE 05 m. K 15m. JHEfH I RECN 2.

2) MMLIEEIZ4

RALIEATHZ Ny 0~60 Hz, KALEEE S5 U EIEOC &R, B 5 e KL 2 /E 500
rpm~1450 rpm FIFE N, BEALEE AT ER X [A] 30~52 Hz, RUWLHHIUE i E A 3.35 m¥s.
4. SERMERE SR
4.1. KIGLGER
411 REMEA

R B A A 225 SORAE R G R I SRR e ME . T AR E BR e, A B IS
OYAT, G IR O A DX, R T IR v AR A, D SR AR R ) e S B T
S FE Ao

IERAAEIX AC T RS 112 1A E R #EAT X LG, tH B R 22 3 Pk

(1-W, JKoA®? 17)

Table 3. Comparison of air duct resistance of AC air conditioning system in the cabin area

3. [EREX AC =RAZNER LR

112 7 [A]
WA Kiks KE K E/m3h FH 1/Pa
R RETR A 300~250 29m 1795.0 150.5
IR 300~250 2 1795.0 10.0
AN 300~250 1 1025.0 3.0
RETR A 180 134 m 1025.0 263.7
FXE K2 LEE 7 180 2 1025.0 82.2
K =3 FH 180 1 1025.0 85.8
o KR 160 2.4m 252.0 12.5
FoXE e <
K2 KIE 7 160 1 252.0 4.7
it 612.3
SEMEBE ) 641.0
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ZERRH], A DB Rl ANA T I XU v BHL ) i 1 T SRS AT I I S BRBEL 7, TR, RIS BUK)
A5 /NT 15%, AP RGBT VT, AR AR S04 BT LB 1 XU TS T7 3, A
RGN AR, MRE G, IR XE ST I SE PR 2, eSS SERvIZ AT R
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412. REHE

ST UL LSS HAR, T B REE R GE R E, TR 2 SEE ST OB T 5 R4 i
B ER, AT LM I R B R RS R 25 45 A LA (SR A R e . VA SR TF B2
Bt A7 R e . USSR 4, % 5w

Table 4. Fresh air volume measurement table for cabin air conditioning system
4. ERTRRGHNENER

At B RXE/mh B XUE K IR A 7736 il /Pa SEME R IR TAE I 71/Pa
1101 115 30~300 123.0
1102 115 30~300 1835
1103 115 30~300 174.0
1104 115 30~300 197.0
1105 75 30~300 274.0
1106 75 30~300 208.1
1109 115 30~300 158.0
1110 115 30~300 90.0
1111 115 30~300 1235

Table 5. Air volume measurement table of cabin air conditioning system

F=5 EMRTRARFENENESR

oz 1% K RAE/M3/h SEEG TSR KRG /m3/h S R & /mh
1105 500 500 £50 493.5
1106 550 550 £55 577.2
1109 550 550 £55 570.6
1110 500 500 £50 511.0
101 110 110+ 11 106.7
102 150 150 £ 15 150.8
103 80 808 79.2
104 75 75+75 75.3
105 100 100 £ 10 98.0
106 300 300 £ 30 283.5
107 175 175+ 175 168.6
108 170 170+ 17 177.4
109 140 140+ 14 151.9
110 190 190 £ 19 195.5
111 220 220 + 22 231.1
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Figure 7. Fan air volume changes at different operating frequencies
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Figure 8. Changes in the opening of each compartment air valve
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Figure 9. Comparison of air volume in cabin 109
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Figure 10. Changes in air volume of terminal device at different operating frequencies
B 10. TEEITHETRIREENEELNL

10 JE/R T 10 & SRR 2% B (VAV)TE =B RS AT A0 (1 SEl X 5 XV R Gl AR 4L
AT AT 4R, AR T VAV 35 5 1) X 5 B45 55 Sl B 2 (B i 22 580N, RIIR
ERA N B RS SR RS A . SR, MMM 30 Hz $2/3 50 Hz B, 5 K i & (0
vav02. vavo3)i M E A LEN, HEMBURR . XE/MOEHL( vavll), Xn]RER T X E R E
£ 5 7 R A1) L B2 2R G BN AS R TS 7E 05038 AHU WLZLIE KU, A8 KB B RIZIT BT, (i
HOHE 5 S IEE (R ZETE 10% LAY, 07 BT XS A o 4 R B — e IHEmR T, &R SR Rk
KE RGBT IR BESE K
5. &g

AW FCIEIE R Simulink {5 B 552G A Xt b, 30AE 1 BREE AR KR 25 I R GL(VAV) KU B 7Y
TE R 3 e 55 B R PERIE 78 P (R AE R I S T Sk o SR XE LE A0 AT, 159 DU GBS ik

1) R BE ) 2 5w R A B, T RGeS IR ) S A B R W, R GUREMETE AN IR 5 e 2% 1F
THE O RE, HRTE R OB AR K R e BRI R, RGAIXE S e AR e AR B T ARIE .

DOI: 10.12677/mo0s.2025.145391 270 5 1 A


https://doi.org/10.12677/mos.2025.145391

FIEIR, PR B

D7 FAE 5 SR R Z2AE 10%BAN, Bk 1R A ER P . SIS KURIJTRZ, AT DML RVE R ¢
RIS, B OR R BE A 2

2) WERE XM AT TY, 17 FA5 RS SRR (¥ 22 R FFAE 5% LAY, B BRI aT ek,

BAIE T it Simulink 07 UL 7E AR T SR OB AT RE, WIS 2 U RGEA B b RIAR LR 08 T SR 1R
S5

[1]
[2]
(3]

(4]
[5]

(6]

[7]

(8]

[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]

s, g JEALNE A X2 R GRS HI VAR ], ) AR, 2021, 40(4): 45-48.
MRacte, M, %, & MAARET H RSB AR MEREEER, 2024, 46(2): 42-48.

Zhang, Y., Yan, T., Xu, X., Gao, J. and Huang, G. (2023) Room Temperature and Humidity Decoupling Control of Common
Variable Air Volume Air-Conditioning System Based on Bilinear Characteristics. Energy and Built Environment, 4, 354-
367. https://doi.org/10.1016/j.enbenv.2022.02.005

MR BH. 28 R 2 R G R FTRR[J]. B 2SI, 2024, 54(4): 22-28.

Kang, S., Kim, H. and Cho, Y. (2014) A Study on the Control Method of Single Duct VAV Terminal Unit through the
Determination of Proper Minimum Air Flow. Energy and Buildings, 69, 464-472.
https://doi.org/10.1016/j.enbuild.2013.11.005

Pang, X., Piette, M.A. and Zhou, N. (2017) Characterizing Variations in Variable Air Volume System Controls. Energy
and Buildings, 135, 166-175. https://doi.org/10.1016/j.enbuild.2016.11.031

B, o0, BEREA. BXET RS R ]S ST [0]. @SR, 2020, 36(2): 44-50+78.
el . e R EVE S B R R IE A G I R E R R S T R G IR [J]. BE@ 259, 2023, 53(S1): 78-81.
Atk an, b SRR AR KR S R G E I TEF ], T ARG M, 2021, 40(4): 45-48.

2R . S RS B R VE S A I KGR I A E A M S I R R[], Bl 5, 2023, 53(S1): 78-81.
BRUEE, 75, sk, & B XET RS AR TR G AR AL []. A 2R, 2019, 40(6): 62-69.
FEHE. AT R GRS R R 7E[3]. R BE A, 2015(9): 51-56.

SENR, R4, R, SE AR RCER TSI RGN R A S A S S A R[], BRI A, 2021, 51(S1): 389-392.
FFE, T BRTREM]. 52 R b5t HUBTl R, 2018.

ET5, Egm. MAAZEFEE S R &AIM]. MRV I REE TR K% HRAE, 2001,

Douglas, J.F., Gasiorek, J. and Swaffield, J.A. (1986) Fluid Mechanics. Longman Scientific & Technical.

LW, B RS H T R FR R ) S A AL[D]: [ 2= A0ie 5] Kb iR K2, 2016.

DOI: 10.12677/mo0s.2025.145391 271 5 1 A


https://doi.org/10.12677/mos.2025.145391
https://doi.org/10.1016/j.enbenv.2022.02.005
https://doi.org/10.1016/j.enbuild.2013.11.005
https://doi.org/10.1016/j.enbuild.2016.11.031

	基于Simulink的邮轮变风量空调系统仿真研究与实验验证
	摘  要
	关键词
	Simulation Research and Experimental Verification of Cruise Ship Variable Air Volume Air Conditioning System Based on Simulink
	Abstract
	Keywords
	1. 引言
	2. 实验方法
	测量仪器和数据监控

	3. 仿真模型
	3.1. 风管模型
	3.2. 风机模型
	3.3. 变风量末端模型
	3.4. 参数设置

	4. 实验结果及分析
	4.1. 实验结果
	4.1.1. 风管阻力
	4.1.2. 风量分配

	4.2. 仿真和实验对比
	4.2.1. 风机频率、风量对比
	4.2.2. 风阀开度
	4.2.3. 末端风量分配


	5. 结论
	参考文献

