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Analysis of performance degradation mechanism of fresh air heat recovery system in ultra-low energy

buildings under the dual carbon target

Jiazuo Liu

Beijing Century Internet Broadband Data Center Co., Ltd, Beijing

[ Abstract] Driven by the "Dual Carbon" target, ultra-low energy buildings have become an important pathway
to achieve energy conservation and emission reduction. As a key component of such buildings, the performance
stability of the fresh air heat recovery system directly affects the overall energy efficiency. However, the performance
degradation phenomenon in actual operation restricts the continuous realization of energy-saving effects. This paper
focuses on the research of the performance degradation mechanism of the fresh air heat recovery system, and
emphatically analyzes the influence mechanisms of material aging, dust accumulation and blockage, temperature and
humidity fluctuations, and control strategy mismatch on the heat transfer efficiency of the system. Through the
combination of theoretical analysis and simulation verification, the key influence paths of performance degradation
are proposed, providing technical support for the optimal design and operation and maintenance management of the
system.

[ Keywords] Ultra-low energy buildings; Fresh air heat recovery; Performance degradation; Heat exchange
efficiency; System aging

518 UEPL B RGO RS R MG R, B
BRI B R G IRREFEE NPT RE A& B PR RS A IR B 5 RO LA, 52T
BRI LA, ERRINST R S REHER R LI AR S E M.

H 2, O 20 S RE R E SR TH K SR BERLT » 1 FIRARW R G ABRERERTIIERS
RGBT RE RGBSR S A BT, M8 Bhik
SRR P RER I S A LB, R BRI R G B R BEFEE S AR 0

PEREERA A R, AMUCEBI T EKRGMMNAG  feE, KR EDAE Tl &AL = N

i, BEREN X7 HAR RS R BRI MR AR SR AP EAZE, RGA AR

WA o ASCMA BRI  IBAT I 51642 BRI RGBT T, FRACALE fimr, EE 2, W
- 45 -


https://ace.oajrc.org/

PV

XU H b3 T R AR REAESEE SF0RT A 8 Wi 2 Sk e S L EE ) #r

I ARV Rl A3 R AR SR 7 K o X AR RE R ]
WAL A SR T T SRR AR I BESR 2R, Ay 2%
Gefr 1 DR IE AH T R BTSN RERE IR, AT i A2
W7 HAR T XTEF RGBSR . SR,
BEAE IS AT I TR R SE G, 2R GEAE S HH o i 2% L
PERESEIRIIL R, RPN T . REreAMERE
T 55 R L, P E R SRR AT BT AR E M
MARGEEERIART, I ESCRZ C B A i 2 ml i
8N o I i K S A N ol AT
PR, B B0 ) A EGEIR M RE . (HIE R R E
WA BRI S AF ROFE R TR, XL SR 4]
5y %2 FNRIR WS 15 R TTRR LU S Mnide A
SRR, SEMRERER L, HET ) 554 RE
I ] 22 032 B R REAR S 13 1Y 3 S sh A 1 4
IBATSH, WATREINRI R S AR B AR AT RES, TR
B SR EE— 22 . I ] R AR AE A AT R
A TR A A RS R M DA 55 Vit TUYT ) T RE AR
A AR REFEEE HU T - SHe AT E AR
N3t — AR T BT KA BTS2 ¢ (0 RS E 1 A I
P, AN APRHI ANE S ZRGUIEE e % ) SR A
WEEZ T T — 7, IR, PURTRAEE
TR DIRERAT R, SR A B A IZ AT T )
SR sE R T3, FE AL WG S LA
15 LERORE AR TR 3 B A T 3 2 5 AR T B AE
PR )N e 5%, (RS REEARIE = A
AR B BN ILHC S LIS AT AR, M A 22 1 FE T Dok
BERE, ORBEHAEREAN L A I B R R0aqT . IXLEss
Tt o AT AR G REAR AL ) LR AL TR AT I BOR
BAE, ONHESDEBIRRERE R T B R BEE 1 2R Ai
2 RGMRERBNEERINSBRES
BRI B R SR Is T R, HrkRe s
PRI R T2 EAADUAE AR T 2B 744
IMEL K R GeReEFE LTS5 . XA R BEIR LAY
Wi SRR T REROCR . IEATRESI K E N 2Tl &
WA WIS AT T A KBTI R . AR SR TRE N
HIrh S VF 2 AR REREEE SUAE BN AL L AR 5 {8 3
ISR TR RS DL, 3 BUR BRI 2 B
TR, BEmEEN AR HAR T RIRERUE AR R . 1t
R BEA R EENE, THEERE. 240
ZE R ZL ) A XA O s . IS R G RE IR
RRBOR S, W RMEZAC I5HTOR FifAe
TRt g e S 2 i o, BRSO AAE

NGB H BRAEA S i e U P 22 R B S
INEAAG MR 5 R AR BE 54K, InARBTEMAR
WA wJERmENR S, WaH g5 FHAGE
Cl, A il GBI . CE IR R AR A HLY)
SAEBAGETE NIZBDR, ERRIR)R, BLRG AR E
IR . RGEAT IR S Z S A
WU, TCEAR I = AN AR A e I B R X L B
BATE, W nEEARRR S L0 N Re RSk, T
g R G REER . B IR pA], AR |
RGUEHAEY LB R RS T AT, M —
B RGIVEREE RS AL o NP8 S 1 PR o 47T
ALK REH AR, SR THEMRLE B 2RI Y
Rt RGBT BOs N5 S A TR 1 5T U
HIEs I, B R I 4ER AT 1 RIS T E B
T, L5 NHE TR IES S ) B RE P R Gt S B
TR RE < 22 S5 ek B2 A SE I M 5 3 LT
W, I AREAR T U R AT MSAE . I I e
Jiti, AT RBOESE RGN R IR AE , ORISR RE
TP RSO N A TR .

3 BLAYSNE R 2= X P B R B9 E R AL

FA B R A D T E EA BT AR G R O A%
O fERR, HARMSZ RN Z R L FIE - fESCPriz
RS, RN B ISR TR LA R AT R
PR R FE I A FIL R R e e 7y e,
IRIR A ARSI EE, HE
P B A0 SRR R B R R R AR AR, IS
ORI 5 R RE 7T P RE R AT, 3 B I B
N, e AR AR I BCR  fEmIRIA T N igAT
(4R B A A o A B BRI AR . Z5 AL T
SRR, HE— D HI 99 HAE R MR REAN S IR E 1

2T BRI AN A AT L) 2 S i A el
WO R R EAN R R . B R G K RIS T,
PM2.5. B 22 K Bl B 1 3 TS Y A B R ImIE R
IR, T RCGARLZ , PRSP 38 o JCILAEAE BT B
LT SEEE PSR AT BRI X3 TR O AT 7K 28
R G AR N BERESS , 15 R TS 28, AMUFRIR T
B, L ATRES] R AR S ks G,
80 T AP RHE R R A ML R SO A28 T G
N RRAENEEM, MRS T ARG
JEREZ T, ARG R A T UL IIE R BE 79855 -

MARGHERE ARG, BAT RIS & BEPEER
KRR F O T I ORR AR E M S sk,

- 46 -



L EYS

MUK H AR T IR REAE 8 SR AR BT 3 Gk e Sy LEE 23

RAGRZ X ENINRIRIE . TR &AL
(RIS EIRE A7, e LASEEILIE X5 HE R 18] 30
ATy, BRI AE R U B RCR - R AR T
P B SRR T, AV RPN, 1%
) 28 G0 R BE MR AR S il 22 K I D7 48 24 [ YA X i
TNHUEE, o SR M EATE S, HEHU
“I A BLR o IXAIRES T BT KN
AT S, SN T R S
IRz bR, PRI AT RERL R - PRALIZ RIS, 5]
NFE T A B RO R BE AL, I ARG AR H
ENITTRE ST, REIRTTHAER A T BT8R M
TREPEREMI ST AE o

4 BRI RGBT IR 55 4R

NARTH T KA BCR S AR RE AR S P
Wittt LA BT S gEpi AN R A, 14
RGOSR o BT B B AR A AT
BORR IR R S a2, SRIMHE i /65 i H.
SAERENE RO REARE, SR 4RO 21
BB AN SR S, DA SR AR R IR IR
PREE T G NLRE T o B A TE PR T80 T DL 5 LA 368 2
K5 HIREET, W IL AR AT S A A A%
IR AR RO PR TN B 2 JOL R,
TR PR E R RCL g RS, AR PM2.5. 4
W AAERVEA I, BEARTS R xt A et A 4=
AR, AT SE 22 REIR L BERE - 72 RGLHEHIE AR TT
1, 9 NE R REEOR, SEBHE T 28 sh &L
P59 BEDUAL o AL A BT P8 A% JER RS s 22 M A
PGSR BRI R TT, RGUR SR = A AR
S A R A R b S DENE AN S RE R T & S S Y iy
X, 8 R I S S B RERR 2 5 & 1 3
FEREZF TR ZBNTOT, R U255
155 2 DAl T R4 A BTG SR (R EFE DAL s T 7E U
PRI RT3 I 1 R PR P LA, 1E
A A R B AR . PR R GG N H i MR T
TR VAL TIRE, SN 3R 71T W B 4 SO AT 37 55
YA, IR RGUIRALL T REZITRS.

B A PR R ORI 2R 48 K e 02 AT AN T Bk
HEIATY,  NEENL5E N G A S TR P 4E AL
o BT SEPRISAT HP i A7 AR AR AR 2E L RUE
ARSI, JE RN 01 G 14 A 5 S A R AL A
SERFA B DE A, SRR R AR P BUR ARk
B 5507 A B SR T GO 5 A s GRS xd

T M AR AR oA, T R B TR 2RI B R
HEEGERE, 1T RR4ET I EFE S 2 et M
T L F2 1) 5 S5 4 B 152 4% (A 5 AR %, B ik
D] o 3 W i 5 | R AR MR R R B . B BT R S
REB4EMIP LA, AN BT B E T RGP
IAE T, W9 X7 H s TR RE 0 10 v] HE 4t
IEATIRAE T RS AR S .

5 &R

1 “ " HAn 50 R, 38 KA R R 4i1
A SR TR K REFE S K A e BT B
BB N ARG R SRR IR R I REn R 2
FAERBUEIRIT 7347, 32 7 MWARMILAL L 2 Rl
FIE YE B B Z5A RO SN ol I RS B R 4
izde, WA MAELSE R R LR, IRTHAEE
Be & MM S TSR . ARk R — DR R T R
PR SR RE IS IME AR PN, HESh I B R G
R T A BE R AR R, D S I A S A T e
ICHE H AR i IR S S 1

S5 3CHk

JE TN, 3 00k, 1 550,55, X7 B Ax T R E B HEBGE S E
b 43 fiff JE B WF 72 [J/OL]. < A% A2 AL HF 72 33t 2, 1-15[2025-
06-23].

7 JE T B SCHR, R 0T B AR T RB IR EEREZ IR/
X s T H i A e S0 @B M R R S R),2024, 22
(12): 55-57.

53 A5, 1 g0, TR I I 0B H AR T FE W Hh X B AR g
FERCARANR P BRI T 5 B A [J]. 2 5 RH%,2023,(21):
52-56.

FH. X7 HAR N EKREFE @ S A S H T 7T [I]. 48
W F,2023,(07):49-51.D

WA EER. X7 His THIKGEEEREAT SRR
G R AR B TR ]8T B i SR R, 2022,49(08):19-24.

S H, X AR BB AR R RE @ 3B 70 “ X~ HARSEE
AR 72 [T]. B B & 5F,2022,43(S 1):550-556.
WS R T B B AR T R AR RERE B AR R Il i S o
WAL [I]. 4 57,2022,43(07):25-31.

SRR B ICREAE R I ANT B ) “Xk 7 BR[N] H E £
FF547,2022-06-28(002).

WAL BE: ©2025 154 5 BRI 7T H 0 (OATRC) it
Ao AXFHBMIPIEEEL G KR E R

https://creativecommons.org/licenses/by/4.0/

OPEN ACCESS

(1]

(2]

_47 -



	引言
	1 新风热回收系统在超低能耗建筑中的作用与挑战
	2 系统性能衰减的主要表现与成因分析
	3 典型影响因素对热回收效率的作用机制
	4 提升系统抗衰减能力的设计与运维策略
	5 结语

