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dQg = a(Tsurf - Tex)dA (1)
dQp = :B(psurf - pex)dA (2)
dQ, = EO'T;LurfdA (3)
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i Bowen L:
g _ patmcp,air (4)
B 0.632L
A
40n = do. + do. = Pam (c _— 0.623L ) (c 0.623
Qh - Qa Qb - 0.623L'B pairtsurf Datm psurf utm
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B = 22 + 12.5ugy + 2(Tours — Tox) (6)
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Tsurf > Tsat(pex) (7)

Psat (Tsurf) > Pex (8)
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Bouzsrfffiﬂ% " o 5.76¢-8 W m2-K*
KR pw 1000 kg m?
K LR Cpw 4200 Jkg' K!
IRAATE A L 2.26e6 Jkg!
TEAAE Cpair 1005 Jkg' K!
IR TR A 0.01 m?
T AR A 1) 2 s-1
thTaE- RH 0.6 1
S ENRIES To,w 298.15 K

‘/\ :
SA/N Y YNV VNV VT

K 1: AN JI7E 1.8bar-2.8bar 2 [B]AF5)), R4 HIE 80°C-120°C; 100°C-140°C;
120°C-160°C; 140°C-180°CPUFFH N FHHEE . K 1. #udsEa b,
1 JEoR VAN AR EVE R A0 4s 3R . A Ll F a2 kA R g 4,
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K 4. ANERIRETE 80°C-120°C 2 [A)A5 5, AN & /I7E 1.8bar-2.8bar 2 [[]A85)), ¥ & 4353l
B2 0.00015 0.2; 0.8; 0.9999 PUFEH FIIRE . K 1. BRI,

=,
a) Matlab 5E%AXHS

[}

% surface evaporation with RH.m

% fE£ 80~120°C. MJE 1.8~2.8 bar &M, HEHXEE 5 4MNEEL#E R

(2 °c/s)

S Wt RIENREE. MERE. SHEE. DLUAREHZAE:

S (A) AR E -
s (B) HEIEWEHIE:

clear; close all; clc;
s W

sigma = 5.670374419%e-8;
epsilon = 0.95;
p_atm ref = 101325;
Tmin C = 80; Tmax C = 120;

o

Tmin = Tmin C + 273.15; Tmax =

Ptot min bar = 1.8; Ptot max bar

p_sat (T surf)

ZH KL pa

s PRIREETLH

Tmax C + 273.15; % K
2.8; $ bar BJEJEMH

T surf > T sat(p vapor ext)

>= p total (RAMAMEARSMEEE)

(B Ay ER ML HO

Ptot min = Ptot min bar * p atm ref; Ptot max = Ptot max bar *

p_atm ref; % Pa
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RH
dTdt ext = 2; % JMEBIRERLHESE

s HAbAEE/ RIS

u air = 0; s Wi m/s

A = 0.01; s RN n2

water thickness = le-3; % m, AXERMKZEE

rho w = 1000; cp w = 4184; % /K%

m = rho w * water thickness * A;

s S TR

L = 2.26e6; % J/kg

cp air = 1005; % J/kg/K

$ Bowen KRR

bowen coeff = p atm ref * cp air / (0.632 * L);

% beta £RAERE

beta base = @ (Tsurf, Tex, u) max(le-6, (22 + 12.5*u + 0.02* (Tsurf
- Tex))); % LEHNARA

beta scale = le-3;

alpha from beta = @(beta val) bowen coeff * beta val; % alpha =
Bowen * beta

S WIGARIA R

Tsurf0 = 298;

s WRRE: HE=MHEY

sweep_time oneway = (Tmax C - Tmin C) / dTdt ext; % s HLFENS[A]
period = 2 * sweep time oneway;

t _end = period * 10; % MK

dt = 0.5; % WK s

time = 0:dt:t end;

Nt = length (time) ;

TH —mmmmmm=— Antoine R¥ ---—---—--—-—-

$ Antoine for water (valid approx 1~100+ C) - PL mmHg AHAL

A Ant = 8.07131; B Ant = 1730.63; C Ant = 233.426;

p_sat from T = @(T K) (10.~(A Ant - B Ant./((T K-273.15) +

C Ant))) * 133.322368; % Pa

Tsat from p = @(p_Pa) find Tsat from p fast(p Pa, A Ant, B Ant,
C Ant);

---------- 1103 —

Tsurf = zeros(1l,Nt); Tsurf(l) = TsurfO;

oO|

%

Tex = zeros (1l,Nt);

Ptot = zeros(l,Nt);

P v ext = zeros(l,Nt); % /MPLRFRZEAME (HH RH * p sat (Tex))

Pgag_surf = zeros (1l,Nt); B

Tsat fromP vext=zeros (1,Nt);%H/MHZ LR ERWAEE HTE#HE)
TSINGHUA UNIVERSITY

SCHOOL OF VEHICLE AND MOBILITY, ELECTROCHEMISTRY POWER SOURCE LABORATORY
30 SHUANGQING ROAD, HAIDIAN DISTRICT, BEIJING, CHINA



Q;r School of Vehicle and Mobility
»> .
g Electrochemistry Power Source Laboratory

30 Shuangging Road

Tsinghua University Haidian District, Beijing, China

Qconv = zeros (1,Nt); Qevap = zeros(l,Nt); Qrad = zeros(l,Nt);
boil flag by pv = false(1,Nt); % Tsurf > Tsat(p v ext) GI#HE)
boil flag by ptot = false(1,Nt); % p sat(Tsurf) >= Ptot (HIHEHE)
deltaT boil threshold = 5; % AJi: # Tsurf @XM Tsat (pv) @i HE{E
M ReZfL (°c)

% —————————= SRR EES SRRER [A] (=A% Tex + =M pPtot, fHE RH)
A T = (Tmax - Tmin)/2;

O T = (Tmax + Tmin)/2;

A P = (Ptot max - Ptot min)/2;

O P = (Ptot max + Ptot min)/2;

omega = 2*pi/period;

TO = period;
for k = 1:Nt
t = time (k) ;
s ZABRPMEA (0~1)
phi = mod(t, TO) / TO;
if phi < 0.5
tri = 4*phi - 1;

else
tri = -4*phi + 3;
end
T Sommooo=os ANFRE -————————-
Tex(k) = A T * tri + O T;
S 92—
Ptot (k) = A P * tri + O P;
e T AR T HA RS -
P v ext(k) = RH * p sat from T (Tex(k));
A T T eV Vi gL I —
Tsat fromP vext (k) = Tsat from p(P v ext(k));
end
e ARGy CRABRIL)  ———mmmm -
for k = 1:Nt-1
% 4AE

T e = Tex(k);
p v ext = P v ext(k);
p_tot = Ptot(k);

Psat = p_sat from T(Tsurf(k)); % RIMMEMAERIE
Psat surf (k) = Psat;

% beta / alpha
beta val = beta base(Tsurf(k), T e, u air) * beta scale;
alpha val = alpha from beta(beta val); % W/ (m2*K)

s HE (ERRMNRIAZHREE)
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Qconv (k) = alpha val * (Tsurf(k) - T e) * A;

Qevap (k) = beta val * (Psat - p v _ext) * A; % # Psat > p v ext
MPRTE GEHRFERO

Qrad(k) = epsilon * sigma * (Tsurf(k)"4 - T e™4) * A;

Qout = Qconv (k) + Qevap (k) + Qrad(k);

Qin = 0; % RISy [A] R & B HE vl &

dTdt = (Qin - Qout) / (m * cp w);

Tsurf (k+1) = Tsurf (k) + dTdt * dt;

% HIE 2R

s (A) JRlad#. RIMEE vs HAMRZTE XS N AR

Tsat pvext = Tsat fromP vext (k);
boil flag by pv(k) = (Tsurf (k) > Tsat pvext);
S (B) HSUBE GRIJIE%ME): RIEWME >= MBS
boil flag by ptot (k) = (Psat >= p tot);

end

Psat surf(end) = p sat from T(Tsurf (end)):;

Qconv (end) =Qconv (end-1) ; Qevap (end)=Qevap (end-1) ;
Qrad (end)=Qrad (end-1) ;
A TN SR YT JCiG 1 o [——
idx pv = find(boil flag by pv,1,'first');
idx ptot = find(boil flag by ptot,1,'first');
if isempty (idx pv)
fprintf (" EBEI BAARHINREE R (Tsurf > Tsat(p v _ext)). \n');
else
fprintf (" BRHIRHBIE R (Tsurf > Tsat(p v _ext)) Bf[HE: t = $.2f s
(%.3f h)\n', time(idx pv), time(idx pv)/3600);
end
if isempty (idx ptot)
fprintf (' ERIBRNRHIL p_sat (Tsurf) >= P total CRIHEE K
%M. \n");
else
fprintf ("EXKEERNFHERM (p_sat (Tsurf) >= P_total) Mf[A: t
= %.2f s (%.3f h)\n', time(idx ptot), time (idx ptot)/3600) ;
end

figure ('Position', [100 100 1000 700]);

subplot (3,1,1);

plot (time/60, Tsurf-273.15,'b-"','LineWidth',1.5); hold on;

plot (time/60, Tex-273.15,'g--"', 'LineWidth',1.5);

plot (time/60, Tsat fromP vext-273.15,'r:', 'LineWidth',1.5);

xlabel ("BfA] (min) '); ylabel ("IRE (°C)'");

legend('T_{surf}','T {ext}','T {sat}(p {v,ext})’','Location', 'best
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title ("RMEEE. FMHEREE S AN 2R HX B AR EE ) ;
subplot (3,1,2);
plot (time/60, Ptot/p atm ref, 'b-', 'LineWidth',1.5); hold on;
plot (time/60, P v ext/p atm ref,'r--','LineWidth',1.5);
ylabel ("JEJ] (bar)'); xlabel ('Bf[A] (min)');

legend ('P {total}

title ("JMREESINRERME") ;
subplot (3,1,3);

plot (time/60,
plot (time/60,

(bar)', 'p_{v,ext}

(bar) ', 'Location', 'best') ;

Qconv, '"b-"', 'LineWidth',1.5); hold on;
Qevap, 'r-', 'LineWidth',1.5) ;

plot (time/60, Qrad,'g-', 'LineWidth',1.5);

xlabel ("Hf[A] (min)'); ylabel ("ZIE (W) ');

legend('Q {conv}','Q {evap}','Q {rad}',6 'Location’', 'best');
title (" JIHGEE") ;
if ~isempty(idx pv)

t=5.

end

subplot (3,1,1);
hold on;

scatter (time (idx pv) /60, Tsurf (idx pv)-273.15, 80, 'r',
"filled');
text (time (idx_pv) /60, Tsurf (idx pv)-273.15, sprintf (' d#K

1fs', time (idx pv)));

if ~isempty(idx ptot)

end

subplot (3,1,1);
hold on;

scatter (time (idx ptot) /60, Tsurf (idx ptot)-273.15, 80, 'k',
'filled');
text (time (idx ptot) /60, Tsurf (idx ptot)-273.15, sprintf (' H¥#
B t=%.1fs',time (idx_ptot)));

function TsatK = find Tsat from p fast(p Pa, A Ant, B Ant, C Ant)

s PURITR: 437 p (Pa), iRM Tsat

$ & p IEWEME GEED, WA
if p Pa <=0

TsatK = 273.15; return;
end
p mmHg = p Pa / 133.322368;
s MR R A LEE (T 0~300C)

Tc = linspace(-50,300,10000) ;

pvals = 10.” (A Ant - B Ant./(Tc + C_Ant));

$ % p_mmHg @BHIEHE, MAAHE

TSINGHUA UNIVERSITY
SCHOOL OF VEHICLE AND MOBILITY, ELECTROCHEMISTRY POWER SOURCE LABORATORY
30 SHUANGQING ROAD, HAIDIAN DISTRICT, BEIJING, CHINA



d % /L '\é School of Vehicle and Mobility
g

Electrochemistry Power Source Laboratory
: ' : 30 Shuangging Road
Tsinghua University Haidian District, Beijing, China

if p mmHg < min(pvals)
Tc_est = Tc(1);
elseif p mmHg > max(pvals)
Tc _est = Tc(end);
else
Tc _est = interpl (pvals, Tc, p mmHg, 'linear');
end
TsatK = Tc est + 273.15;

end
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