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Abstract
This study employed the indoor control test method to systematically investigate the influence of
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key environmental parameters, including temperature, humidity, initial water content, and dry
density, on the water evaporation process of saturated reshaped loess. The experiment focused on
investigating the mechanism of the above factors on the dynamic characteristics of soil evaporation
(including evaporation rate, cumulative evaporation volume, and evaporation intensity). In terms
of numerical simulation, based on the theory of unsaturated soil water transport, this study con-
structed a mathematical model coupled with water and heat transfer using the GeoStudio software
platform. By setting reasonable climatic boundary conditions and soil-water characteristic curve
parameters, an accurate simulation of the actual evaporation process was achieved. The research
not only verified the reliability of the model but also revealed the coupling mechanism of internal
soil water migration and temperature field distribution during the evaporation process. These re-
search results provide an important theoretical basis and practical guidance for water management
in loess areas.
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Figure 1. Overview of soil extraction
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Figure 2. Relationship between the depth of the cone head entering the soil and the moisture content
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Figure 3. Variation of moisture content with time at different temperatures
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Figure 4. Shows the variation of evaporation rate with time at different temperatures
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Figure 5. Shows the variation of moisture content with time under different humidity levels
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Figure 6. Variation of evaporation rate with time at different humidity levels (Taking dry density 1.45 g/cm? as an example)
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Figure 7. Variation of moisture content with time (Taking dry density 1.45 g/cm® as an example)
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Figure 8. Variation of evaporation rate with time (Taking dry density 1.45g/cm? as an example)

& 8. A REFERTEIFTLOATEE 1.45 g/em?® J34l)

DOI: 10.12677/hjce.2025.147182 1693 T AT


https://doi.org/10.12677/hjce.2025.147182

NI 45

RIGHAEAR R T WA S /KX T RS FR R R 5 . BT R 4EE R, IS /KE IR R
i B AR ALRRAE . TERIUR I BL(0~20 h), 75 7K S Bl I (] 52 2R M st B, = MR K = (24% 20%- 15%)
AL 38 R IR R 2 008 1.7 1.14 F110.86%RE/NI 5 B 5 38 N i MY BE(20~80 h), T[4 I 2R 15 T I8 2% 5
I AE 80 h JE B BIM N R R4S

TEMESE BRI B, WA S KB SR KB R IEAHK KR, BRI A WIAES/KEN 24%.
20%A0 15%1REE, HATMAZE R E /3 B8 1.15. 1.02 F1 0.9 g/, BIHIEA & /K ERFIEIN 5%, 28K E LT
BIPR R 2 27.8% . EAFER I, XM BERRFSEIS B ZEAS RV 46 5 K B2 A N IEA R — 2 Mt Nk
HAKRMBE, SFRMHEMERERET %, RATERRBERNBELEME. EEANERERES, Yin
FKE 24%. 20%AH1 15%IRFF (1 BT 28 K &40 A8 0.57. 0.51 F10.45 g/h, s#E— B ESE [ #1146 & 7K & Xt
R ERYE R .

4. REFLBEEYS

AT AR OB AN B, B TOK - AR SRS, SR BUE R T R G T T AR AR
N LMK ISR HEFIEH Geo-Studio BUEAINF &, GUM MG L T HRIBER K HIIREK
AR ) — YA R AT, ST X B AR R R R K I E R R I s . i E AR S = R
BTt U IGAIE, BT R N T 3 e 28 R R R K 533 5 U 1 (R R T AR B LA LA FE L

DIRF SR BT AR E R KR, Wal(S).

V, Py
%:?:ij (5)
K 0BG K E(CEmY/em?); p-HIETHE (g/em®); w-HIEFEESIKE%): po-/KEE(g/em’);

(1) WEKLEREL

T IXESH, BAVGIE T — MRS R 20 =K. 58 80 = KIMFAJIRIAY, JERH T Van Genuchten
PRALRA IR F KR R (EIXAMER R, AV & S /KEW I NERE KE®@G), JFHELTE T+
R 73k () FIBIE R UK -

(2) NI JIAER

BT R AR RGURIBLAL, Hob X BRI Y BRRPE S UE N 0.1 K, BERLER JJREA RS 20
mm /&, 9N 80 mm. BIRYMIR ZAMERSE SH IR, RIS 0.02 m 2 0.04 m, X — X
5E N L FH S0 S A AR R AT A 2 A 0 DX 3. BEEL AR XA R/ 0.5 m, RIGr A 12 N5 RL, 6 A4
A RN AP B BN 8 RIEAT —UEAR .

(3) WHEARAUED T %L

WERK /N 35°C, R /MBI 80%, M 0 22K, WBEARKIMIEE N 35C.

(4) B BEWIRR KA KA E 17Kk

B g — B NVIEE /KA N(0, 0) (0.08, 0), B K HE 717Kk N 0.04 m.

B9 JRoR T SRbME S TIME XS b, RIS R s T A R R B A RIE(9) . FE TR
(0~52h), HIT LMK 7R, ZREMRE, SEE/KEPE TR BEEEAREMB(50~55h J5), #
RORF T EWE, FKEBT VA BUERIGE RS ST o e R B, B S R A RE A8 AE R X
—BNAIERE, R AR SR AR ZE R 0 T 7 THI A I R (RR B (R 22 <5%), BIE T AR LR IR 15K 4y
ERE R T TR . X TR R b X 3K o sh AR AL T A S BUE T A

AT EUE A R TS, BT RE S SR AR S N LK IS SR KRB, 4R IG .

DOI: 10.12677/hjce.2025.147182 1694 T AT


https://doi.org/10.12677/hjce.2025.147182

PN 45

—a— SRR AL e LR A
5 —e— TS A KA 50+ —e—ShRE kB R
20
i
NS 4
3 %
N =
< B
4 £
_H
- 0 L 1 " 1 " 1
200 0 50 100 150
i [ t/h i fElt/h
(a) /K ZBHEI A LR R (b) Ak B A R A AR 5 R
—— TR 2O —eshR BB AR AL
51 —— SRR AR A —e— Tl B HEE R R
160
L
) o0
E N Hj@ 120 |
= 2
il fa
e b
& 2 F _!: 80 |
% ik
1 40 +
0L 1 1 1 1 0 1 1 1 1 1 1
0 50 100 150 200 0 20 40 60 80 100 120
I ] t/h iIEY (h)
(c) Z&Aum P ItI 8] 2Rk 5% R (d) TBAEZR K BRI A AR 5 &R

Figure 9. Comparison of actual values and predicted values

E 9. EPRMESTMMERTEL

5. &g

TEAERRSCh, EARFRERE . . WA KR, TRESREE T % LRSI RIT /%
(IR SC . SIS A B B T R S R HEATIE — TR 5, PR T — RN R R, B 1R TR IX IR g
%ﬁi%%ﬁkﬁﬂﬁiﬂﬁﬁfm%m,ﬁ%m?ﬁﬁ%&iﬁﬁﬁﬁﬁﬂ%H%Eﬁ%%@%m
o BRICLE BT AL

a)i%mﬁﬂﬁﬁ% EIU I S B 55— BORRE R, L K A A T
SRR R RT3 W BOIE R FE R, &% mghﬁ,@ﬁﬁﬁzﬁmﬁﬁzmﬁﬁﬁ
TRAZERN B, LR K R AR A KR, RO B R R TR T IRE . X P B s
PR T 3K 4y 25 R R K B8 0 5 26 8 SR 2 1A I Bh 45 P46 AR

Q) ABFTIEE T HER R GBERR R M0 E B RBR, Wi 2 T FA S E T 2R R
Brpikat. 1% AL DS UERIFAE 5 PR BE IR T 2RO R ISR A B, R 1K 45 3 A BEIURI 26 R BT

DOI: 10.12677/hjce.2025.147182 1695 TARTHE


https://doi.org/10.12677/hjce.2025.147182

NI 45

MRpt T ArFE R T A,

(3) T Geo-Studio HEHMNLT- &, AWFREL T LEKSIZHEIL. VanGenuchten +/KEFEREY

AEABEARRENY, AT 7 — AR AR ST FR . B R B RS R A IR B L
iE, RGN TR AR S NP AR RN BI AR AR, W 1 AR K 903 5 i R 3 1) 2 8] 93
ATRFAE S HAR AU X — WP TEBCRAMRAL T30 3 3 X AU AR, o8 XK - fR R A
AR B B EAR AL 1 B SR AR TR T

SE

[19]

[20]
[21]

[22]
[23]
[24]
[25]
[26]

Kondo, J., Saigusa, N. and Sato, T. (1992) A Model and Experimental Study of Evaporation from Bare-Soil Surfaces.
Journal of Applied Meteorology, 31, 304-312. https://doi.org/10.1175/1520-0450(1992)031<0304:amaes0>2.0.c0:2

JEEAAE, R, iYL, & KRS RZ RS RIS I]. TREHUTE SR, 2011, 19(6): 875-881.
JRAbAR, BB, TR, S BB RGE N 1) LR AT BT IA]. A L LR, 2018, 40(1): 100-107.
FHOR. 8K Z R RIS 22 [J]. WFEKF], 2003(2): 26-27.

L. K AIER R TE]. B A 1FE TR, 2015, 19(6): 775-781.

FERAT, WL, RN B AREANE LK MR (], 775, 2004, 25(7): 1081-1084.
FHAT, XERE, EHR. REE LIRS BUE ). @R R R, 2007, 39(4): 463-467.
EEAT, BRid, 220, JREAME LR Z R AR F ], T RIXAHA, 2014, 31(6): 985-990.

EHRAT, BUAER, BWAE, VRS, 55 ARWAEARREKER BT L] A A s TR AR, 2005(18):
3271-3275.

Bai, R., Lai, Y., Zhang, M. and Ren, J. (2020) Study on the Coupled Heat-Water-Vapor-Mechanics Process of Unsatu-
rated Soils. Journal of Hydrology, 585, Article ID: 124784. https://doi.org/10.1016/j.jhydrol.2020.124784

RIHE, TXH, £EZE. He KRIEFETHEEEVHIMEZRIGHT A, &A /15%5 TSR, 2014, 33(2):
405-412.

Pk, WRIEAK, 57 IE. SR B U AR AL R i LA R K M [ 3R 0 #0705, 2009, 30(5): 1209-
1220.

XN B K, B, AR KT R R KL R BRI AT T )], VE R RO R (A AR ),
2015, 47(1): 56-61.

MZE, XERE, B, & REANAA FEER LK ERIRIGI]. S EHREER. 2017, 45(4): 126-130.
ol Bt BRI E ST, P ERISER, 1997, 18(4): 29-35.

IhET, XEM, koK, 5. WA S E LA R T[I]. AKR2ER, 2004(8): 114-118.

Wilson, G.W., Fredlund, D.G. and Barbour, S.L. (1997) The Effect of Soil Suction on Evaporative Fluxes from Soil
Surfaces. Canadian Geotechnical Journal, 34, 145-155. https://doi.org/10.1139/t96-078

Hanks, R.J. and Bowers, S.A. (1962) Numerical Solution of the Moisture Flow Equation for Infiltration into Layered
Soils. Soil Science Society of America Journal, 26, 530-534. https://doi.org/10.2136/sssaj1962.03615995002600060007x

Bruch, J.C. and Zyvoloski, G. (1973) Solution of Equation for Vertical Unsaturated Flow of Soil Water. Soil Science,
116, 417-422. https://doi.org/10.1097/00010694-197312000-00004

Braja, M.D. (2008) Advanced Soil Mechanics. Taylor & Francis

Dane, J.H. and Mathis, F.H. (1981) An Adaptive Finite Difference Scheme for the One-Dimensional Water Flow Equa-
tion. Soil Science Society of America Journal, 45, 1048-1054.
https://doi.org/10.2136/sssaj1981.03615995004500060008x

WA, BRs. A EBOK— 4R EUE T E ], B8R, 1982(2): 141-153.

W5, T EMR. 3 AR R R SR (M BE T BI]. KRR, 1983(5): 3-11.

ViR ds, WiARAL. SR T — AR A R EE AR P[], R, 1985(1): 24-35.

4P, ZRFZMETERLZEKSSEEBEBIUI]. KRR, 1989(5): 49-42.

WHERE, PYRAR. ARIEA0 3K I f /K B A B I BUE T 7], B RREA#ER, 1999(S1): 1280-1286.

DOI: 10.12677/hjce.2025.147182 1696 T AT


https://doi.org/10.12677/hjce.2025.147182
https://doi.org/10.1175/1520-0450(1992)031%3C0304:amaeso%3E2.0.co;2
https://doi.org/10.1016/j.jhydrol.2020.124784
https://doi.org/10.1139/t96-078
https://doi.org/10.2136/sssaj1962.03615995002600060007x
https://doi.org/10.1097/00010694-197312000-00004
https://doi.org/10.2136/sssaj1981.03615995004500060008x

PN 45

27] T EHE, SRR, LR PR K B A B EE AR BT )]. P S RO R AR SR (B SRR AR, 2000,

21(2): 73-77.
[28] mkmZE, K, AREHZZ. 3EF SHAW HER Y 38 4 i Jo 2 5 XOR B 38K 3 s AL, Rk TFE SR, 2007,
23(11): 1-7.

DOI: 10.12677/hjce.2025.147182 1697 TARTHE


https://doi.org/10.12677/hjce.2025.147182

	黄土蒸发失水试验研究及数值模拟分析
	摘  要
	关键词
	Experimental Study and Numerical Simulation Analysis on Water Loss by Evaporation of Loess
	Abstract
	Keywords
	1. 引言
	2. 试验
	2.1. 原材料
	2.2. 含水率和密度试验
	2.3. 液塑限试验
	2.4. 比重试验
	2.5. 试验设备

	3. 结果与讨论
	3.1. 温度对土样水分蒸发的影响规律
	3.2. 湿度对土样水分蒸发的影响规律
	3.3. 初始含水率对土样水分蒸发的影响规律

	4. 黄土蒸发数值模拟分析
	5. 结论
	参考文献

