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Study on the Heat Transfer Characteristics of
Warm Needle Materials in Korean Medicine
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Objectives : Warm needling is the method combining the effects of acupuncture and moxibustion. In modern clinics, warm
needling is only affected by treatment time or frequency. We need to study the physical characteristics of warm needles currently
used in clinics in order to develop more efficient and economical treatments. Methods : We collected various warm needle
specimens and analyzed chemical constitutions, measured heat transfer velocity, micro Vicker's hardness and specific resistance.
We studied the relationship between heat transfer velocity and micro Vicker's hardness as well as that between heat transfer
velocity and specific resistance. Results : The heat transfer velocity of the Silver_HL was 3.3 mm/sec, of the Au alloy group was 1.3
~2.6 mm/sec, and Silver_IN, Silver_ZK and SS groups was less than 0.3 mm/sec. We therefore concluded that the needle
composed of Ag has the best heat transfer velocity. In the Micro Vicker's hardness test, Vicker's hardness of the Au alloy group was
159~170 Hv, of Silver_HL was 181 Hv, and of the Silver_IN, Silver_ZK, SS group was 450.8 ~519 Hv. In the Silver_IN, Silver_ZK
and SS groups, hardness was inversely proportial to thermal conductivity. In the specific resistance test, the specific resistance of
Silver_HL was the lowest, that of the Au alloy group was the second lowest, and that of the Silver_IN, Silver_ZK, SS groups were
the highest. Conclusions : We concluded that the needle composed of Ag has the best heat transfer velocity, highest electric
conductivity and thermal conductivity, therefore the needle composed of Ag is suitable for warm needling.
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AR 158, S7ATAR AR 43 Folet 2EIRIZ|A7e] Eirel o
29 SS304A17} 3%, SS316A7F 15, 718t 2E|Qle|27do] 250
o} AR AJES 8] Au alloy groupTt 242 Ag alloy
group &3l AH|QIEI27FE] SS group L& FF3liHTable 1).

A=

B Total Length

Body Diameter __Head Diameter

7 AURALARARAAAAY :

Body Length

Fig. 1. Warm needle Specimens and measuring.

(A) Warm needle Specimens. a: Gold_HL, b: Gold10_W), c
Gold13_WJ, d: Silver_HL, e, Silver_IN, f, Silver_zZK, g, SS10_WJ,
h: SST3_W), I: SS25_WJ, j: SS30_W), k: SS304_DB, I: SS316_ZK.
(B) Diagram of Measuring specimens.

Table 1. Classification of Specimens

Specimen Group

and Name Product Name

Au alloy Group

Gold_HL Gold (0.50x40 mm, Haenglim, Korea)
Gold10_W) Gold 10 (0.40x30 mm, Woojeon, Korea)
Gold13_W) Gold 13 (0.40x40 mm, Woojeon, Korea)
Ag alloy Group
Silver_HL Silver (0.40x40 mm, Haenglim, Korea)
Silver_IN Silver nano (0.25x40 mm, Inanos, Korea)
Silver_zK Silver coating (0.25x40 mm, Zeus Korea, Korea)
*SS Group
SS10_W) SS10 (0.40x30 mm, Woojeon, Korea)
SS13_WjJ SS13 (0.40x40 mm, Woojeon, Korea)
SS25_WjJ SS25 (0.25x40 mm, Woojeon, Korea)
SS30_W) SS30 (0.30x40 mm, Woojeon, Korea)
SS304_DB SS304 (0.25x40 mm, Dongbang, Korea)
SS316_7ZK SS316 Eternity (0.25x40 mm, Zeus Korea, Korea)

*SS : stainless steel.
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Fig. 3. (A) Micro Vicker's hardness
of specimens. (B) Diagram and
photograph of electric resistance
measurement.
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Table 2. Classification of Specimens

Unit(mm)

Specimen Total length Body length Head diameter Body diameter
Au alloy group  Gold_HL 70.91+0.41 39.70+0.61 2.08%0.01 0.49+0.01
Gold10_W)J 50.01+0.34 30.14%0.22 1.34%0.00 0.39+0.00
Gold13_W) 60.04+0.51 40.05%+0.44 1.34+0.01 0.39+0.01
Ag alloy group Silver_HL 59.68+0.16 39.55+0.01 1.47+0.00 0.39£0.00
Silver_IN 59.66+0.38 39.54+0.30 1.18%+0.00 0.24+0.00
Silver_zK 60.39+0.03 40.18+0.11 1.20%+0.01 0.24+0.00
SS group SS10_W) 50.25%+0.12 30.00+0.18 0.98+0.01 0.41+0.01
SS13_WjJ 60.04+0.51 39.70+0.44 0.99+0.01 0.41+0.01
SS25_WjJ 59.47+0.16 39.71+0.23 1.20£0.01 0.24+0.00
SS30_WjJ 59.80+0.10 39.89+0.04 1.21+0.00 0.28+0.00
SS304_DB 59.73+0.08 39.30+0.04 1.19£0.01 0.24+0.00
SS316_7ZK 60.41+0.07 40.09+0.14 1.20£0.00 0.23+0.01
il Gold HL 0.3 mm/sec o8} £EE Holu %Q(Flg 5)
100
w 3. 2AAIme| ZE 22
e 2200 52120 BB Sltle] 7P el A A
E 60
i / .............. AR ol gsle] 24t Hegk 2% AY) Au alloy
P group?] Gold_HLe} Gold13_WJ= B 159 Hvs Hglod
- Gold10_WJ= 170 HvS 2SItk Ag alloy group] Silver HL-&
—1Ch ----2Ch.
181 Hv= ZAH oL, Silver IN$} Silver ZK+= Z¥2} 516 Hy,

i} 50 100 150 200 250 300 350 400

Time (sec)

Fig. 4. The graph of heat transfer to Gold_HL.
Ch 1 : point of 15 mm from the heat source, Ch 2 : point of 25
mm from the heat source.

2. 2AAIH| FHYAE 212

THFig. 4). o] T2|ZE o]-83}o] Heat sourceol] 2Jet LA Ho
Aol 2EWelE TS 4= QlGit

ZF AHES] Y EA T2 ol83lo] Heat source=H-
El 15 mmAER 25 mmAPde] 282t 26°Ce} 28°Cell Eoh=
AR A J) g S0l A 9 I
PERS A3 Silver HLY} Au alloy groupo] T2 AlES<] Hlslo]
T - 7 24 o7t o A ALyt 28 S
TS = Q1IcKTable 3).

AGETe= ADE Sl 78 & Shedl, At 94skas
Heat sourceel A5 15 mm A& A4 25 mm A4 7H4] =2
Sl 20| S TRl o] BAY 4 Qi Silver HL2- 3.3
mmy/secd] GAY &5 LERILL Au alloy groupe] 1.3~2.6
mmy/secd] 5 B0 Silver IN, Silver ZK2} SS group

=
S

ng M

519 Hva AERIEAZ; 240 wiE AxE Uitk SS group
o A= SS10_WJ, SS13_WJ, SS25_WJ, SS30_WJ, SS304_DB,
SS316_7ZKelAl Z¥z} 450.8 Hv, 495.3 Hv, 497.7 Hv, 532.0 Hv,
530.5 Hv, 500.3 Hv7} Z4=|%iKTable 4, Fig. 0).

23] AlHS] B EAS BAol] Sfole] AiAle] vHIAst
88t A7|HEEE it ARt 5947
Au alloy Group®] Gold_HL, Gold10_WJ I&al Gold13_WJ=
0.598x10™ Qmm, 0.604x107° Qmm} 0.577%10° Qmm&E
ZA4w]glon Ag alloy Group?] Silver HI= 0.137x10” Qmm
2 ZAERIch AERIEATe] 2438 7HE Silver_IN9} Sil-
ver_ZK:=3.211x10° Qmm, 3.777x107° Qmm7} Z3=310.
], SS Group®] SS10_WJ, SS13_WJ, SS25_WJ, SS30_WJ,
SS304 DB, $$316_ZK-2 3.147x107 QmmellA 5.317x107 Q
mm Afe]9] Hxgle] 2|9tk Table 5, Fig. 7).
oo} T2 Ak 2 ATt ofsto] A7 E = Silver HL
o] 7P 98P Tha-0 & Au alloy Group®] 97313l SS Group
= AR} 7P W2 Zlo s
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Heat Transfer Time from
Heat source to Ch 1.(sec)

Heat Transfer Time from
Heat source to Ch 2.(sec)

Maximum Temperature(°C)

Specimen No.

26°C 28°C 26°C 28°C *Ch 1. Ch 2.

Gold_HL 1 0.0 4.5 8.5 125 95 45
2 0.0 4.5 0.0 13.0 94 45

3 0.0 5.0 0.0 12.5 93 44

Gold10_W) 1 0.5 5.5 9.0 16.5 89 42
2 0.0 6.5 5.0 13.0 91 45

3 0.0 7.0 1.0 15.0 77 38

Gold13_W) 1 0.0 7.0 0.0 12.5 93 43
2 0.0 5.0 0.0 10.5 91 43

3 0.0 6.5 0.0 11.5 88 42

Silver_HL 1 0.0 65.0 6.0 10.0 100 58
2 0.0 4.0 0.0 7.0 99 56

3 0.0 28.0 0.0 5.5 95 53

Silver_IN 1 0.0 12.5 37.0 188.0 54 28
2 0.0 28.0 0.0 155.5 57 29

3 0.0 6.5 49.5 177.0 58 29

Silver_zK 1 0.0 1.5 0.0 94.0 61 29
2 0.0 6.0 0.0 84.0 61 30

3 0.0 4.0 0.0 92.5 62 30

SS10_WjJ 1 0.0 13.5 0.0 45.0 62 30
2 0.0 13.0 0.0 54.0 66 31

3 0.0 9.5 0.0 59.0 64 31

SS13_W) 1 0.0 11.5 0.0 71.5 68 30
2 0.5 15.5 11.5 126.0 63 30

3 0.0 11.0 0.0 95.0 64 30

SS25_WjJ 1 0.0 16.5 0.0 120.0 57 29
2 0.0 11.5 0.0 114.5 55 29

3 0.0 13.0 0.0 76.0 57 30

SS30_Wj) 1 0.0 16.0 0.0 83.0 56 29
2 0.0 11.0 0.0 130.5 56 29

3 0.0 12.5 0.0 105.0 56 29

SS304_DB 1 0.0 12.0 68.0 191.0 59 29
2 0.0 12.0 88.5 238.0 58 28

3 0.0 12.0 65.5 231.0 59 29

SS316_7ZK 1 0.0 18.0 0.0 95.5 57 30
2 0.0 15.0 0.0 103.5 56 30

3 0.0 13.5 0.0 91.5 60 30

*Ch 1.(15 mm), Ch 2. (25 mm) : Distance from Heat source.

5. 2ZA|™ F Silver_IN, Silver_zK, SS group?| 2
SEE0t ZEnto| ket &4
LA F 29l 244E 7HA1E= Silver IN, Silver
ZKe} SS group?] G0l Hols Bet AEghe] AsAdE
AL Bl e Wk AKX =59 F3 y=—0.081
In(x)+0.2324, R*=0.41310]%lo1 o5 UeRf=
3} ZhFig. 8.

S B3l FAIE okl IAKE EE3E 23} y=—1.373Inx0+
3.095, R*=0.85030]3101] o]= Uehjj= ezl cheat 2t
(Fig. 9.

k
[

CARSKR(55ER) o)A K2 2X]0] WXo] SA} ol o]
BFolA] X (Aitigh), T-FXIE), 2T XA, 24
HEgAE) S0 WHoT THE AkeElo] Yl 1o 2
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Table 4. Micro Vicker's Hardness of Specimens €00
Micro Vicker's hardness(HV) 500 Jr [ — b g k1
Specimen No
1st 2nd 3rd  Average*=S.D o T
Gold HL 1 1692 1329 147.9 Y
2 160.8 160.4 1682 3
3 1434 1851 162.8 = 00 :
Average 157.8 1595 159.6 159.0+1.0
Gold1o_W) 1 159.9 1548 193.5
2 1459 1526 1788
3 201.3 172.8 17838 S P & T LA S 4
Average 169.0 160.1 183.7 170.9+11.9 PR F TGP
Gold13_Wj 1 1459 1388 149.6 Sechuen
2 1068 159.4 1904 Fig. 6. Micro Vicker's hardness of specimens. Values are expressed
3 1942 1942 1518 Mean+SD.
Average 149.0 1641 1639 159.0+87
Silver HL 1 1845 1647 163.2
2 179.9 1986  209.5 2p 2. 2ol S=g o wlet BE Aefsto] AT
3 166.7 1816 1828 B - . i
Average 1770 1816 1852 181.34.1 = 7P oS A AR fd(BBSTal v
Sitver_IN 1 487.6  619.5 5477 AHEEHER A e S diauit 548 59 2ol &
’ ohe ] o 2 29It B0] o] WA HES BI0] NEA-E
Average 489.4 5528 5072 5165%327 & dozirh 249 AWl mESEGHES B, 9
Silver ZK 1 6089 536.0 556.7 N o N
e con6 agel 4907 () o] 73t S SR St ofny, WAlo] AHE ),
3 461.2 5331 4778 AR 2] WY - oG Feje] sRlER), WY
SS10.W) 1 4659 521.8 556.7 T e o ot oo .
2 3520 4245 477.8 exo] g TR A Bl AR Xo] GHGEA
3 363.0 5389 356.7 ule} gepd 2 9l B oo gk 24 B &
Average 393.6 4951 4637 4508519 ST AT e CoeveTTE s ol e
SS13.W) 1 591.9 585.2 485.1 AARE] AGEASS IESI o ole} oA 2HAHS] A
’ RN of wAS 27sie] Qugmelel kbl BRI
Average 5049 5193 4615 495.3%30.1 2HAHE] A EAS TS| o] T A 7 AEE
SS25_W) 1 4927 5418 477.8 L on = mle] dAgETE sl 1 A3} Silver HL
2 5418 4636 4636 s e e Ee e s e A =
3 480.2 4901 527.4 o] FHAGELT 7MY w2 AoR I EA T g0 R Au
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Table 5. Specific Resistance of Specimens
Specific resistance(x 10> Qmm)
Specimen No.
1st 2nd 3rd 4th 5th Average+S.D
Gold_HL 1 0.60 0.63 0.60 0.61 0.63
2 0.60 0.59 0.60 0.59 0.57
3 0.59 0.60 0.59 0.60 0.57
Average 0.60 0.61 0.60 0.60 0.59 0.60%+0.005
Gold10_W) 1 0.60 0.61 0.58 0.62 0.62
2 0.61 0.62 0.59 0.58 0.62
3 0.60 0.59 0.59 0.61 0.62
Average 0.60 0.61 0.59 0.60 0.62 0.60+£0.012
Gold13_W) 1 0.59 0.56 0.56 0.58 0.60
2 0.37 0.60 0.62 0.61 0.58
3 0.60 0.58 0.57 0.61 0.63
Average 0.52 0.58 0.58 0.60 0.60 0.58+0.034
Silver_HL 1 0.13 0.14 0.14 0.14 0.13
2 0.13 0.14 0.13 0.14 0.13
3 0.14 0.15 0.13 0.15 0.13
Average 0.13 0.14 0.14 0.14 0.13 0.14+0.004
Silver_IN 1 3.26 3.16 3.41 3.34 3.44
2 3.15 3.16 3.13 3.18 2.98
3 3.05 3.28 3.19 3.26 3.17
Average 3.16 3.20 3.24 3.26 3.20 3.21%+0.040
Silver_zK 1 3.84 3.69 4.03 3.76 3.96
2 3.62 3.67 3.75 3.78 3.71
3 3.51 3.90 3.82 3.89 3.73
Average 3.66 3.75 3.87 3.81 3.80 3.78+0.078
SS10_W) 1 3.66 5.56 4.80 4.06 5.79
2 3.71 7.57 5.53 4.15 6.57
3 3.86 6.86 6.37 4.22 7.06
Average 3.74 6.66 5.57 414 6.47 5.32+1.328
SS13_W) 1 2.97 6.24 6.06 4.49 6.87
2 3.50 6.41 6.99 3.98 6.82
3 4,53 5.39 5.36 6.23 5.33
Average 3.67 6.01 6.14 4.90 6.34 5.41+1.125
SS25_W) 1 3.28 3.11 3.30 3.36 3.27
2 3.13 3.05 3.16 3.1 3.1
3 3.12 3.35 3.19 3.10 3.33
Average 3.18 3.17 3.21 3.19 3.24 3.20+0.029
SS30_W) 1 3.21 3.32 3.28 3.21 3.17
2 3.12 3.14 3.21 3.25 3.26
3 3.10 3.15 3.13 3.12 3.30
Average 3.14 3.20 3.21 3.20 3.24 3.20+0.036
SS304_DB 1 3.1 3.05 3.23 3.19 3.06
2 3.16 3.20 3.31 3.22 3.23
3 3.26 3.18 3.28 2.92 2.84
Average 3.18 3.14 3.27 3.1 3.04 3.15+0.085
SS316_7ZK 1 3.56 3.88 3.98 3.90 4,01
2 3.50 3.82 3.89 3.90 4.09
3 4.07 3.90 3.93 3.83 3.99
Average 3.71 3.87 3.93 3.88 4.03 3.88+£0.118
HiASkAL ARESt o] HE Z7] ALofifRE ALk turation(E2h == FE7HA| 9] GAGEEE S4sPH o &fu]ql

T = o A [e]
= A%E 95 = S e

e

Act

2N He] A2 Ay} Au alloy group Silver HLO| A=
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