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Water absorption capacity test of the CHS

The water absorption capacity test was carried out in a room temperature
environment. The samples H1, H2, H3 were prepared into slender strips and placed in
a suitable glass tube. A big sink at the bottom was used as the water source. The glass
tubes were suspended so as not to affect the hydration of the hydrogel. The water
absorption height of different samples at different times was recorded in the experiment
to characterize the water absorption rate. As shown in Fig. S1, sample H3 with a proper
size distribution and larger relative pore throat diameter has much higher capillary force

and lower flow resistance, which makes its water absorption performance much better.

Fig. S1 Water absorption capacity test of the porous hydrogels.

Simulation of the CHS

The schematic illustration of heat dissipation with the CHS and thermal resistance
network of the CHS are shown in Fig. 3a and S2, respectively. According to the thermal
resistance network model, the theoretical model calculation process of the CHS system

is established, as shown in Fig. S3.
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Fig. S2 Schematic of the CHS thermal resistance network.
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Fig. S3 Schematic of the theoretical model calculation process.

The conduction thermal resistance of each part is as determined follows:

R=1/kA
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where ¢, k, and A4 represent the thickness, thermal conductivity, and area of the heat

transfer surface, respectively. The thermal resistances of the TEG are given as:

1
2R

4+
cu
IR, + Ry
Rype= +2R

cera
n

where R.,, R..;., Rp, and Ry are the thermal resistance of the copper electrode, ceramic
substrate, P-leg, and N-leg, respectively. n is the leg pairs of the TEG module.
Both evaporative and convection should be considered when CHS is used for heat

dissipation. The convection heat transfer flow of the CHS is expressed as:
Oeon = M conTs = Typnp)

h=Nu-k," S fin
where h, Acon, Ts, Tamp> ki, and sz, are convective heat transfer coefficient, the area of
convective heat transfer, the hydrogel surface temperature, ambient temperature, moist
air thermal conductivity, and fin space, respectively. Nu is the Nusselt number, and
calculated by the following correlations:!!]

Nu=1/24Ra s, /Ly, - [1 - exp( - 35/Ra -5,,/L, )"7
Ra=[g p(T,-T,,) " sp)(ow)
p=1T,

T,=(T,+T,,,)/2
where Ra, Lg,, B, a, and v are the Rayleigh number for heat transfer, fin height, cubic
expansion coefficient, thermal diffusivity coefficient of moist air, and kinematic
viscosity, respectively.

The evaporation heat transfer flow of the CHS is expressed as:!!]
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Qeva Bl Aeva ) (pwisat - pwﬁamb)hfg
pwﬁamb =RH- pwﬁamb_sat
9n= Dwﬁamb ) Sh/L in

Dy 4y = 187710715 72072

w_amb
Sh=10.825+0.387 - Ralrf/(l n (0_492/Sc)9/16)8/27]2
Ra, = Gr - Sc

Sc=v/D

w_amb
Where g, Aevar P sats P ambs Pw amb sar» R, and hy, are the mass transfer coefficient,
area of evaporation heat transfer, saturated vapor density, ambient water vapor
concentration, water vapor saturation density at ambient temperature, ambient relative
humidity, and latent heat for evaporation evaluated at the hydrogel surface temperature,
respectively. D,, 4 1s the diffusion coefficient of water vapor diffusing to the ambient
environment, and it can be calculated across correlation 12. Sk, Ra,,, and Sc are the
Sherwood number, Rayleigh number and Schmidt number, respectively. Grashof
number (Gr) is given by correlations 16-19:[!]
Gr =g, - Pl (0V)
Ps= Py sat * Pair_s
Pamb = Py amb ™+ Pair_amb
P =gt Payp)2
where p; and p,,, are the densities of moist and ambient air, respectively. p is the
average density, puir s and pgir mp are the hydrogel surface and ambient air densities,
respectively with respect to 7, and 7, respectively.
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The convection thermal resistance of fins is calculated by correlations 20-23:[1]
Rﬁn= 1/@2m L L, N -h)
Nin = tanh(c *L)/(c - L,)

C=4 Zh/(km ) tﬂn)

Lc =Lﬂn + l_‘m/z

where m, L, 04, kpn, and 5, are the fins number, fin length, fin efficiency, thermal
conductivity, and thickness, respectively. Then, the temperature of upper surface of the
substrate can be calculated by the following equations:
Ty =Qeon Ry T T,

Similarly, the cold end temperature 7¢ of the thermoelectric device can be obtained

based on the heat flow rate and thermal resistance.
Te=Qront Qo) " Rgye T Rypse) + T
Therefore, the heat flow across the TEG is:
Orpc = Ty - T/ Rygg

The TEG open-circuit voltage U,,.,, and output power P, are described as follows:

U . =n(Sp+8):(T,-T)

open

_ 2
P,.=U>” [(4n(R +2R)

open
R = pitiod/A1og * PNt ed Aleg
le = p;(l + Acem/ZnAleg)/ L.
where Sp, Sy, R, Rceu, p;, pﬁ,’ pcit, tiegs Alegs Aceras and 1., are the Seebeck coefficient of P-
type leg, Seebeck coefficient of N-type leg, electrical resistance of thermoelectric

element, electrical resistance of a copper electrode, electrical resistivity of P-type leg,
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electrical resistivity of N-type leg, electrical resistivity of copper, thickness of the
thermoelectric leg, area of the thermoelectric leg, area of the ceramic substrate, and the
thickness of the copper electrode. 7}, and 7, are respectively the temperatures of the

upper and lower surfaces of thermoelectric leg, which can be calculated by correlations

31-32:
Th = TH - QTEGRcera - QTEGRcu/n (3 1)
Tc = TC + QTEGRcem + QTEGRcu/n (32)
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Fig. S4 a) Influence of ambient temperature on the electricity generation performance
of a TEG with CHS. b) Influence of ambient humidity on the electricity generation
performance of a TEG with CHS.
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